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Editorial

Esthetics and human perception

“Beautiful is what pleases unselfishly, without being
originated by or remissible to a concept.”
Humberto Eco

Esthetics, from Greek aisthesis, means perception,
sensation. It is a philosophical reflection on beauty.
In health sciences, the construction of meanings and
values about body esthetics is increasingly present,
influencing the identity construction of the individual
and the perception that this one has about himself and
what he understands as health.

In orthodontics, the patient’s seek for perfection is
growing steadily in recent years. This increase has led
orthodontists to search for new knowledge in other
areas of dentistry and also in other health areas. This
growing interest is strongly driven by consumption
boosted by images generated by the great appeal of
the media, where models with “perfect” and “white”
smiles are presented to the public. It is clear, and con-
cerning, that this appeal seems to induce the ortho-
dontists to think as “layman”, making us forget that
we are, in first place, healthcare professionals.

The senses socially used to understand the care
with what is considered healthy have been suffering
stronginfluence of esthetic parameters that are appar-
ently outside the field of health sciences. It is unques-
tionable that the esthetic rehabilitation of the patient
is one of the primary objectives of orthodontic treat-
ment; however, it cannot be the only focus. Just like
it is impossible to understand the concept of health,
and the care it imposes on contemporary urban soci-
ety, without taking into account fashion, seduction,
the spectacle and consumption. However, the appeal
of esthetics-based “marketing”, in its essence, has led
many to think that way and make decisions based sole-
ly on the anxiety and pressure of this market, without
considering the expectations of the patient.

The fragmentation of our professional view, due
to the appeal of the media and the market together,
often encourages us to induce the patient to treat
problems that he had never realized he had, regarding
both the esthetics of the smile and face. Explaining all

© 2012 Dental Press Journal of Orthodontics

treatment possibilities, including plausible esthetic
improvements, is one of our obligations, but this ap-
proach must be made using common sense and with-
out impositions, because understanding that patients
think in a diverse, individual and subjective way must
be the premise of a cordial, honest and ethical rela-
tionship. Otherwise, the feeling is as if we were only
dictators of an esthetic need, instead of spectators and
connoisseurs of the needs of our patients.

The variability of esthetic perception is related to
the educational, cultural and socioeconomic back-
ground, besides the emotional formatting of each indi-
vidual. It is not easy to understand it. In orthodontics,
it is not enough just to understand what affects the
smile, it is necessary to diagnose what is outside the
normal range, so we can establish a treatment plan.
Just as in the functional problems we follow proto-
cols which lead us to diagnose anomalies, the esthetic
problems also require parameters so we can find the
defects.! In this context, the scientific research on the
criteria used by orthodontists and patients to define
a smile or a face as esthetically pleasing could build
a solid stairway to understanding the differences be-
tween professional’s perception and patient’s percep-
tion. This issue of Dental Press Journal of Orthodon-
tics, composed by articles that evaluate esthetics con-
cepts in orthodontics, pretend to be one of these steps.
Let’s take it...

David Normando — editor-in-chief
davidnormando@hotmail.com
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PARAMETERS USED FOR REFERRING
PATIENTS FOR ORTHOGNATHIC SURGERY

During the course of decades, orthodontics was based
on linear and angular static measurements to define the
orthodontic treatment plan. Nowadays, a great deal of
attention has been paid to facial analysis. In line with
this trend, an interesting article! was published, in which
the proposal was to verify whether it was necessary or
not to refer Class II, division 1 patients for orthognathic
surgery, based on observation of the face in lateral view.
The conclusions drawn from this study were that the dis-
placement of the soft tissues of the pogonium and point
B in the posterior direction and the diminished facial
profile angle were decisive factors for orthodontists to
indicate these patients for orthognathic surgery. These
results suggested that in the presence of cases with
limitations it is always important to take a profile photo-
graph of the patient and show it to the patient, so that he/
she can evaluate his/her face and together with the or-
thodontist, define whether or not it would be convenient
toundergo surgical treatment.

SELF-ETCHING AGENTS
PRODUCE FEWER CHANGES IN ENAMEL
COLOR AFTER DEBONDING

When bonding orthodontic accessories, a con-
stant concern is whether this bonding will or will not
change the color of the enamel on the conclusion of
orthodontic treatment. There are various materials
and techniques used for tooth enamel conditioning
before bonding orthodontic accessories. In a recent
study®> Egyptian researchers performed an evalu-
ation of whether or not the different methods and
materials would alter enamel color after debonding,
in addition to verifying the degree of penetration of
bonding materials into enamel. The results found
showed that self-etching agents presented lower lev-

! Professor, Southwest Bahia University (UESB, Brazil). MSc and PhD in
Orthodontics, Federal University of Rio de Janeiro (UFRJ, Brazil). Diplomate by
the Brazilian Board of Orthodontics and Dentofacial Orthopedics.

Contact address: Matheus Melo Pithon
E-mail: matheuspithon@gmail.com
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els of penetration and coloring of enamel after de-
bonding, whereas etching with 37% phosphoric acid
for 60 seconds presented the highest level of coloring
and infiltration, and showed differences when com-
pared with the same phosphoric acid for a period of
15 seconds. These findings add further advantages to
the use of self-etching agents, which are outstanding
for their practicality and the possibility of perform-
ing bonding in a humid environment.

PATIENTS ARE THE PRINCIPAL RESPONSIBLE
FOR THE APPEARANCE OF WHITE STAINS

In spite of the many advancements achieved by or-
thodontics over the last few years, decalcifications and
white stain lesions continue to be frequent problems
in orthodontic dental offices. The growing trend to re-
place banding of teeth by bonding associated with the
use of fluoride-releasing bonding materials has cer-
tainly reduced the appearance of these lesions, how-
ever, there is still a great deal to be done. While giving
some thought to this problem, researchers at the Uni-
versities of Jordan and Virginia in the USA® decided to
verify, by means of questions put to patients and their
parents, orthodontists and general clinicians, about
who would be the responsible for the appearance of
white stains, what would be the methods to prevent
them, and who should treat them. All the groups eval-
uated were unanimous that white stain lesions depre-
ciate the orthodontic patient’s general appearance,

Figure 1 - Intraoral photographs of two patients after orthodontic treat-
ment: A) teeth with no white stain lesions, B) teeth with white stain le-
sions (Source: Maxfield et al.3, 2012).
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and that the patient is the principal responsible for
the appearance and prevention of these lesions. These
results bring us some relief, but does not exonerate us
from our responsibility towards these patients.

EXTRACTION OF MANDIBULAR INCISOR
AFFECTS ESTHETICS WHEN SMILING

One of the options widely disseminated in the
literature for the treatment of anterior mandibular
crowding is the extraction of a mandibular incisor.
In spite of being an extensively practiced procedure,

Figure 2 - Modified images assessment. Image 1: A) With four incisors;
B) without any alteration as regards the width of the three remaining
incisors.; €) with increase in the three mandibular incisors with the
same proportion; D) with a mesiodistal increase in the central incisor
and no alteration in the lateral incisors; E) image with a mesiodistal
increase in the lateral incisors and the central without any alteration.
Image 2: E) image with a mesiodistal increase in the lateral incisors and
the central without any alteration; D) with a mesiodistal increase in the
central incisor and no alteration in the lateral incisors; C) with increase
in the three mandibular incisors with the same proportion; B) without
any alteration as regards the width of the three remaining incisors;
A) with four incisors (Source: Pithon et al.4, 2012).

© 2012 Dental Press Journal of Orthodontics

a persistent question arises: How acceptable will this
treatment method be to the patient? With the inten-
tion of elucidating this doubt, Brazilian researchers,*
using photographs with changes made by means of an
image edition software, created images in which the
mandibular incisor had been extracted. The results
found showed that when there are other options avail-
able, the option to extract mandibular incisors should
be discarded, due to the esthetic impairment caused
and perceived by the evaluated groups.

TOOTH EXTRACTIONS CHANGE
THE LIP VERMILION

Recognized worldwide for her esthetic attributes,
Angelina Jolie is outstanding because of her delicate
facial lines and full lips. As she is a Hollywood actress
her esthetic attributes encourage women all over the
world to copy her. In this context, an increasing num-
ber of women appear in medical consulting services ev-
ery day seeking to have lips like those of Angelina Jolie.
You may, however, ask, what does orthodontics have to
do with lips? It was in an endeavor to explain this re-
lationship that Japanese authors developed a study®
evaluating the influence of orthodontic treatment with
extraction, in cases of bimaxillary protrusion, on lips
vermilion. The results showed evidences of the influ-
ence of tooth extractions on lip vermilion, which could
thereby favor improvements in facial esthetics.
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orthodontic insight

Esthetics in Orthodontics: Interest points,
reference points and discrepancy points

Carlos Alexandre Camara’

Itisfundamental for orthodontists and all professionals related with facial, oral and dental esthetics to know how the in-

dividuals observe dentofacial structures. Thus, it will be the purpose of this Orthodontic Insight to present and describe

the Interest, Reference and Discrepancy. Points With the knowledge and perception of these points it will be easier for

orthodontists to create a convergent canal of communication with their patients.

Keywords: Esthetics. Beauty. Orthodontics.

Esthetics is the rational study of beauty, from
the possibility of its definition,to the diversity of
emotions and feelings that it raises in man.!

This definition, apparently simple, of the mean-
ing of the word Esthetics, which can be found in sev-
eral dictionaries,! hides an extremely broad sense.
The study and search of its real meaning in the West-
ern world goes back to the greek philosophers such
as Plato, Aristotle and Plotinus. The complexity of
the term Esthetics is the result of several philosophi-
cal theories that sought a consistent explanation for
its meaning. The word Esthetic came to designate
the general field of Esthetics, which included all cat-
egories for which the artists and thinkers had shown

! Specialist in Orthodontics (UERJ).

» The author reports no commercial, proprietary or financial interest in the products
or companies described in this article.
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interest, such as Tragic, Sublime, Gracious, Laugh-
able, Humorous etc.; saving the word Beauty for that
special type, characterized by harmony, by the sense
of measure, by the calm and serene fruition.? Esthetic
is, then, this kind of reformulation of the entire Phi-
losophy in relation to Beauty. And, considering the
complexity of the esthetic field comes the dilemma
created by the irrational temptation: Beauty is in the
eyes of the beholder or it is intrinsic to the object?
Although this question cannot be solved in an easy
way, foritis about a philosophical approach that each
individual interprets in their own manner, it can and
must be assisted on its conception, especially for
orthodontists that work with dentofacial esthetics.
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Thus it is important that every professional that
deals with orthodontic treatments with esthetical
purpose is aware and alert to the parameters that
affect the perception of Beauty, the type of beauty
that really matters in an orthodontic treatment.
Among these parameters there are concepts of es-
thetic evaluation that are very important for its per-
ception. From these concepts the Interest Points,
Reference Points and Discrepancy Points will be
presented in this insight. Although the examples
presented in this insight are in the sagittal view, the
Interest Points, reference and discrepancy are pre-
sented in all plans of observation.

INTEREST POINTS

It is fundamental for orthodontists and all pro-
fessionals that are involved with facial, buccal and
dental esthetics to know how people observe a face.
By tradition the clinician uses his own experience
and empathy to predict what the observer can or
must extract from a facial analysis, but he does not

Figure 1 - Sagittal view with Interest Points (in blue) located in the fa-
cial profile line. The Interest Points includes the following characteristics:
angles, maximum curvatures (concave and convex) and unpredictable
contours.

© 2012 Dental Press Journal of Orthodontics

always obtain the correct result. The eye-tracking
technique provides an experimental proof about
how people observe a scene or an image. In the pio-
neer study performed by Yarbus,® in 1967, the au-
thor observed that the eye scans the image in quick
jumps, moving from a focus of interest to another.
These eye movements he denominated saccades
and each point where the eye stops and observes
“Interest Points”. The explanation for this phe-
nomenon is due to the fact that the central part of
the retina, the fovea, has high resolution; and the
succession of saccades allows the brain to build a
total view on the short term memory. It is possible
to follow the saccadic eye movements and register
the course of the look. However, this process is so
quick (the saccades last between 20 to 200 millisec-
ond) that most people do not notice their observa-
tion pattern. In approximately one second it is pos-
sible to focus in two or three Interest Points, also
called points of fixation. The steady look pattern is
affected by factors as news, complexity and incon-
gruity. The moments of eye fixation, that occur dur-
ing the observation of simple pictures, indicate that
the Interest Points correspond to the angles of the
picture. Other points that also call attention are the
point of maximum curvature, unusual details and
unpredictable contours.?

This acquaintance of the Interest Points created
by the visualization of objects leads to the necessity
to comprehend which are the Interest Points in a
dentofacial esthetical analysis. As said before, the
studies that sought an understanding of the main
Interest Points show that the eye searches for spots
and lines that are within three main characteristics:
angles, maximum curvature (concave and convex)
and unpredictable contours. The acquaintance of
this information allows a facial analysis much more
objective and effective. Recognizing the observed
areas it is possible to evaluate more accurately the
facial regions and characteristics that directly in-
terfere on the dentofacial analysis, assisting and
facilitating the comprehension of factors that af-
fect positively and/or negatively for the creation of
Beauty. From the Interest Points it can be derived
another two concepts that assist and explain better
its perception. They are: Reference Points and Dis-
crepancy Points.
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Figure 2 - Sagittal view with Interest Points (in blue) and points of anthropometric references (in yellow)
located in the facial profile line. Notice that the Interest Points include all Reference Points and some other
points (in blue) that call attention from the observer.

REFERENCE POINTS

Reference Points are to locate, guide and limit
structures of study units. They allow to see in a dif-
ferent way the studied structures.

When we observe an object we have the tendency
to stick to the whole image. That is natural, for an un-
pretentious look search the information in a global
way. However, for those who seek to interpret rigor-
ously, the attention to details is fundamental for a
correct evaluation. In these cases the recognition of
Reference Points is necessary for the structure to be
analyzed accurately and deeply. In an esthetical anal-
ysis the determination of Reference Points is the ini-
tial step for a correct interpretation of the structure.
To determine these points must be the first accom-
plishment of the analysis. With the Reference Points
identified, the study of the object becomes simpler. It
is possible to delimit the structure, as well as to per-
ceive its proportions. Reference Points give condi-
tions to observe the limits of the analyzed structures
facilitating the study of the object, because with the
delimitation of what is been observed it is much eas-
ier and objective to analyze its components. Worth
remembering that Reference Points used in facial

© 2012 Dental Press Journal of Orthodontics

analysis are from craniofacial anthropometry and
to facilitate the orientation and assure uniformity
on the anthropometric terminology the points are
named in Greek or Latin.*

DISCREPANCY POINTS

The human cerebral observation and interpre-
tation is capable of evaluating both what pleases
us and what displeases us. However, we frequently
find difficulty to identify and measure the details
that makes an object beautiful or ugly. In another
words, although the general perception of beautiful
and ugly is easy and inherent to all individuals, the
capacity to identify the specific location of the er-
ror is not always easy. Therefore, the Discrepancy
Points are derivative from Interest Points and fa-
cilitate the visualization of flaws. These points are
seen every time that a solution of continuity occurs
in lines that design and delimit specific structures.
While the Reference Points indicate the location of
the points that delimit the structures, the Discrep-
ancy Points show the flaws. That is, every time that
an unexpected or unwanted interruption occurs on
the tracing of a line that represents the picture of
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k. «
Figure 3 - Sagittal view with Interest Points (in blue), Reference Points (in yellow) and Discrepancy Points (in red). By manipulating the image on the

computer a protuberance was added to the nasal dorsum (arrow) of the model, which created a new point of interest, that changed the esthetic percep-
tion that we call point of discrepancy.

the analyzed part, breaking or damaging its harmo-
ny, this flaw is considered as a Point of Discrepancy.
Exaggerated or unexpected inclination of lines and
structures can also be considered as Discrepancy
Points. This evaluation and determination of the
Discrepancy Points facilitate the perception of the
problem. It is much easier to notice and quantify
the error of a specific flaw when we identify these
points. The attention given to Discrepancy Points
leads the observer to a more careful analysis of the
studied structure and eases the comprehension of
specific needs. It is important to remember that
Discrepancy Points have an intrinsic relation to
Reference Points and it is necessary to have a clear
idea of these last ones, so that the professional is
alert for characteristics of normality. Only then the
observer will have conditions to identify what is dis-
crepant or has an unwanted alteration. The obser-
vation of Discrepancy Points allows us to compre-
hend the reason why some evaluations privilege the
visualization of determined structures depending
on the analyzed view. So, depending on the observa-
tion plan (sagittal or frontal) the esthetic evaluation
of determined structure can be changed, and this

© 2012 Dental Press Journal of Orthodontics

change can be caused by the perception of Discrep-
ancy Points that are found or not in a determined
observation plan.

CONCLUSION

The Interest, Reference and Discrepancy Points
are points that facilitate the visualization of analysis
with esthetic perspective, allowing the professionals
involved with esthetic orthodontic treatments to ob-
serve more carefully the evaluated structures.
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AESTHETICS
What is the greatest demand of patients: Esthet-
ics of function? (Antenor Araujo)

Most patients expect improved esthetics.
Don’t forget that - if the patient’s facial esthetics
is not compromised - it is quite a challenge for the
orthodontist to persuade the patient to agree to
ortho-surgical treatment, even if they have some
sort of malocclusion.

Which parameters are most important in the
analysis of facial esthetics?
(Carlos Estevanell Tavares)

I could cite several variables, but I prefer to high-
light the smile, which is our “calling card.” I've had
several patients who, after correction of vertical
maxillary excess, came to be questioned by friends
who wanted to know if they were wearing contact
lenses (Fig 1). It seems that an unsightly smile can
“erase” other interesting facial features. The “buc-
cal corridor”, which is sometimes treated by ortho-
surgical expansion (Fig 2), and in other situations
by simply improving the shape of dental arches
through tooth movement, also greatly affects the
smile and facial esthetics (Fig 3).

© 2012 Dental Press Journal of Orthodontics

Figure 1- Class Il patient with vertical
maxillary excess and anteroposterior
mandibular deficiency (A). After max-
illary repositioning and mandibular
advancement. The surgical procedure
highlighted the eyes (B).
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Figure 2 - Before (A) and after (B) surgically
assisted rapid maxillary expansion. “Buccal
corridor” shows improvement. Initial occlu-
sion (€) and after intervention (D).

Figure 3 - Class Ill malocclusion and maxil-
lary constriction before ortho-surgical treat-
ment. Occlusion after osteotomies of maxilla
and mandible without segmentation. The up-
per arch was expanded and its form improved
through tooth movement.

Figure 4 - Note nasal base tapering toward
the tip. Increased nose harmony after slight
base enlargement as a result of maxillary ad-
vancement.
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What steps do you take in cases of advancement
or repositioning orthognathic surgery in the
maxilla to avert undesirable effects on facial es-
thetics? (Carlos Estevanell Tavares)

Nasal esthetics is a major concern of surgeons
in planning and performing maxillary orthogna-
thic surgery. Le Fort I osteotomy could cause nasal
enlargement due to muscle detachment, but this

issue is particularly challenging in the aforesaid
movements, i.e., maxillary advancement/reposi-
tioning. Inrare, select cases enlargement may even
be desirable (Fig 4). The vast majority of patients,
however, have the base of their nose sutured after
maxillary repositioning, which is intended to pre-
vent enlargement. This procedure is called “Nasal
plication” (Fig 5).

© 2012 Dental Press Journal of Orthodontics

Figure 5 - A, B) This patient is a good candi-
date for maxillary advancement combined
with maxillary repositioning. C, D) Good con-
trol of nasal base although the movement
performed can be considered potentially det-
rimental to the esthetics of the nose.
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Figure 6 - Patient presented with anteroposterior and vertical maxillary hypoplasia in addition to
anteroposterior mandibular excess. Lateral cephalometric radiograph highlighting the discrepancy
between maxilla and mandible. Lateral cephalogram with mouth slightly open enabling visualization
and quantification of vertical maxillary deficiency in relation to the upper lip. Patient after lowering
and maxillary advancement combined with mandibular setback.

How do you address cases of closed mandibu-
lar plane and decreased lower face?
(Carlos Estevanell Tavares)

In the past, this condition was mistakenly called
“Short Face Syndrome”. Although not a true syn-
drome, its expression tends to recur at different levels.
The starting point for treatment is determining how
many millimeters the maxilla should be lowered, and
whether this lowering will have one single magnitude
or different magnitudes, considering the incisal and

© 2012 Dental Press Journal of Orthodontics
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molar regions. A predictive tracing should indicate
whether the mandible is likely to undergo a clockwise
rotation only, and require surgery, or whether it will
have to undergo advancement or setback osteotomy,
depending on the initial malocclusion. The height
of the mandibular symphysis in these individuals is
usually short. Therefore, performing a genioplasty
to increase the vertical dimension may be beneficial
(Fig 6). These procedures elongate the face and im-
prove the mandibular plane at the same time.
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Figure 7 - Note the unsightly shape of the nasal dorsum (A). Improved nasal esthetics as a result

of orthognathic surgery (B).

Figure 8 - Note unfavorable aspect of submental region (A). Note beneficial effect in the submental
region after mandibular advancement (B).

When do you recommend plastic surgery as a com-
plement to facial esthetics, concurrently with or-
thognathic surgery? (Carlos Estevanell Tavares)

The plastic surgery procedures more commonly
performed as adjuncts to orthognathic surgery are
rhinoplasty, submental liposuction and plication of
the platysma muscle. As regards indication and tim-
ing, one should bear in mind that surgical movement
of the maxilla and/or mandible can effect favorable
changes in these anatomical regions. There are cas-
es of individuals who wished to undergo rhinoplasty

© 2012 Dental Press Journal of Orthodontics
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and who gave it up after deciding that the effect of
orthognathic surgery on the nose had delivered the
desired esthetic outcome (Fig 7). Currently, most
maxillofacial surgeons only indicate rhinoplasty
when itis combined with isolated osteotomies of the
mandible. When the patient is undergoing maxillary
osteotomy, rhinoplasty is planned for 6 months af-
ter orthognathic surgery, but only if at that time the
patient still wishes it. The same applies in the case of
mandibular advancement, which in itself produces
esthetic effects in the submental region (Fig 8).
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Conversely, in a patient undergoing mandibular set-
back who presents with excess submental tissue, lipo-
suction and/or plication of the platysma at the time of
orthognathic surgery seems to be the best approach.

FUNCTION
Surgical mandibular retrusions can impair the
airspace and compromise breathing. Currently,
how does surgical planning deal with this issue?
(Arno Locks)

Although decreases in airspace have been ob-
served in mandibular setback samples, there are

© 2012 Dental Press Journal of Orthodontics
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Figure 9 - Patient had a -17 mm overjet (A), Pro-
nounced disharmony between maxilla and man-
dible (B). After 8 mm maxillary advancement
and 9 mm mandibular setback, an insignificant
decrease in the airways can be seen. Patient
reported that there was no respiratory impair-
ment (C). Final occlusion (D, E).

no studies demonstrating functional impairment
in these individuals. This may be because man-
dibular setbacks in excess of 7 mm or 8 mm are
extremely rare. In treating severe Class III mal-
occlusions, with overjets in excess of 10 mm, pro-
fessionals tend to divide movements between the
maxillary advancement and mandibular setback
movements (Fig 9). Our group published an ar-
ticle in the September/October 2011 issue of this
journal which analyzed 17 patients who had un-
dergone isolated mandibular setbacks and other
setbacks associated with maxillary advancement.
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The average mandibular setback was of about 7
mm, and we noted an average reduction of about
1 mm in oropharynx, and about 3.5 mm in the hy-
popharynx. Despite these findings, none of the
patients in the sample reported impaired breath-
ing after surgery. In over 30 years of practice in
orthognathic surgery I cannot recall having had
any patients who returned with respiratory com-
plaints after this procedure. I would only be reluc-
tant to indicate mandibular setback for individuals
with prior respiratory disorders or obese patients.

What scientific evidence is there regarding a
cause-and-effect relationship between orthog-
nathic surgery and snoring or sleep apnea?
(Marco Antonio Almeida)

Orthognathic surgery has been used to treat
sleep apnea in cases that prove refractory to more
conservative, less invasive therapies. The literature
reports that maxillary advancement performed si-
multaneously with mandibular advancement has
yielded favorable results in a significant number of
patients. There are researchers out there who have
been conducting reliable, well-designed research
that can attest to this fact, but I’ve had no experi-
ence with these patients.

A patient with no TMD symptoms before treat-
ment starts presenting with TMD signs and
symptoms after orthognathic surgery, such as
clicking joints, pain in the TMJ region and re-
stricted opening. What are the possible causes
of this condition? Are the causes somehow re-
lated to orthodontic treatment, orthognathic
surgery or attributable to chance? (Weber Ursi)

Joint dysfunction hardly ever occurs after or-
thognathic surgery. The most frequently occur-
ring symptoms are muscle pain and discomfort,
which the literature refers to as Myofascial Pain
and Dysfunction Syndrome. This condition tends
to be transient and is treated through measures to
mitigate the symptoms and increase patient com-
fort. The rare cases of patients who experienced
joint noises, which by the way were not painful, the
incident occurred in the first weeks of the postop-
erative period and resolved spontaneously. This
adaptability of patients might be due to the fact
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that they are young and without prior dysfunction.
I don’t believe either orthognathic surgery or or-
thodontics is responsible for the onset of joint dys-
function in this particular population.

TECHNIQUE

What aspects of orthodontic preparation are
you most often confronted with, which poten-
tially compromise the outcome and stability
of orthognathic surgery? How can these prob-
lems be avoided? (Weber Ursi)

Instability of movements during dental orth-
odontic preparation usually manifests itself in the
medium or long term. After surgery the patient is
still undergoing orthodontic treatment for about 1
year, after which a retainer tends to maintain the
teeth in their correct position. In reassessing pa-
tients 10, 20 and even 25 years after ortho-surgical
treatment I have noticed that the most significant
losses occur in the transverse direction, as is usu-
ally the case with surgical relapses. When the pa-
tient needs significant transverse gains, either
orthopedic or surgically assisted maxillary expan-
sion seems to offer better results.

Do you believe that evaluation by a psycholo-
gist experienced with this type of patient in
order to detect specific responses regarding
acceptance of changes in appearance, actual
motivation toward surgery, anxiety level, etc,
would go a long way towards averting dissatis-
faction with the outcome? Or is it your belief
that this sort of detection can always and eas-
ily be carried out by the orthodontist and/or
surgeon? (Carlos Elias Ferreira de Freitas)

I see no need for ortho-surgical patients to be
routinely evaluated by a psychologist. In specific
cases I do think such an evaluation would be highly
advisable. On occasion, I have obviously had a few
unsuccessful cases, and have also encountered dif-
ficulties in treating a handful of patients.

Those patients who lack family support, those
living in conflict with relatives and making regu-
lar use of antidepressants should be more care-
fully evaluated by a professional psychologist. I
strongly believe that patient selection is the key
to a successful practice.
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To what extent have the new distraction osteo-
genesis techniques contributed to resolve large
mandibular advancements—including mandibu-
lar ramus lengthening—causing counterclockwise
mandibular rotation? (Arno Locks)

Distraction osteogenesis, unlike what was ini-
tially believed, has not replaced conventional or-
thognathic surgery in conventional cases. Distrac-
tion osteogenesis is optimally indicated in the first
decade of the patient’s life to treat mandibular
growth deficiencies. Cases of hemifacial microso-
mia or retrognathia resulting from TMJ ankylosis
have been successfully treated by this method. The
discomfort caused by prolonged use of a distractor
in addition to difficulty in controlling the distrac-
tion vector are some of the disadvantages of distrac-
tion osteogenesis vs. orthognathic surgery starting
in the second decade of the patient’s life.

The conduct advocated by U.S. professor Lar-
ry Wolford, who often indicates surgical in-
terventions in the temporomandibular joint
concurrent with orthognathic surgery when
the patient presents with intra-joint changes,
has met with widespread acceptance in Brazil.
What is your opinion on the subject?

(Carlos Elias Ferreira de Freitas)

I worked with Dr. Wolford for 2 years during my
residency program and I know for a fact that he is a
highly judicious professional. I believe this is not a
routine approach, and the numerous joint interven-
tions that he performs simultaneously with orthog-
nathic surgery are due to, firstly, the large volume
of patients he operates on, and secondly, because he
is a reference in the treatment of patients with joint
dysfunction. I have limited experience in performing
orthognathic surgery in joint TMD patients. The vast
majority of patients I treat are young and hardly ever
present with joint TMD pain. I see no need to perform
concurrent joint intervention. As in the cases of mus-
cle TMD, these patients’ dysfunction is treated con-
servatively before orthognathic surgery and, if neces-
sary, further treatment is provided after surgery.

STABILITY
Some patients, after mandibular advancement
surgery for correction of Class II, present with
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condylar resorption, totally compromising the
outcome. What have studies so far contributed
on this topic? (Arno Locks)

Itisimportant to differentiate condylar resorp-
tion from condylar remodeling. Condylar remod-
eling is a sort of “wear”, albeit minor, which occurs
in surgical and non-surgical patients, causing in-
creased overjet over a few years. This can be con-
sidered a physiological phenomenon. It has been
more often observed in patients who have under-
gone mandibular advancement, especially in those
with the following three sets of features: 1) Small
mandibular condyles inclined posteriorly, 2) open
mandibular plane and short mandibular ramus,
and 3) decreased posterior facial height and in-
creased anterior facial height. Treatment results
for these patients may be partially or totally com-
promised by this phenomenon. Condylar resorp-
tion has been widely studied and described, espe-
cially by the team of researchers led by Dr. Leon-
ard Kaban, in Boston. In these cases condyles dis-
appear altogether as meaningful retrognathia and
open bite develop. There are many idiopathic cas-
es, where patients never underwent orthodontic
or ortho-surgical treatment. Among the possible
causes of this condition are rheumatoid arthritis,
use of corticosteroids, systemic lupus erythemato-
sus, scleroderma, other collagen diseases, and even
orthognathic surgery. Healthy patients who are
good candidates for orthognathic surgery, but who
present with the three sets of features I mentioned
earlier should be alerted about the possibility that
this phenomenon might occur.

The hierarchy of stability of ortho-surgical
cases established by the North Carolina team
of researchers is usually cited in scientific pa-
pers. Drawing on your extensive experience,
how would you assess this hierarchy, and what
factors can affect it? (Marco Antonio Almeida)
The two extremes of this “hierarchy” seem quite
relevant: Maxillary repositioning is very stable,
and maxillary expansion induces a certain medi-
um and long term instability. Research shows that
the routine use of rigid internal fixation has taken
maxillary lowering off the list of unstable maxillary
procedures. The presence of four mini-plates for
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stabilization combined with bone grafting appear
to give optimum vertical stability to the maxilla.
As far as mandibular setback surgery is concerned,
contrary to what is stated in the article, I have had
excellent stability. I do however use, whenever pos-
sible, intraoral vertical osteotomy, which is a tech-
nique renowned for its high stability. The literature
demonstrates that the optimal stability afforded by
sagittal osteotomy in mandibular advancement is
not replicated in mandibular setbacks, and the lat-
ter was the technique used in the study group. The
major hurdle in terms of stability in orthognathic
surgery today has to do with mandibular advance-
ment, and this procedure appears in the article as
the second most stable. However, when you read
the article carefully you can’t help but realize that
mandibular advancement was performed or dis-
cussed only in individuals with normal or short
facial height, which does not encompass those pa-
tients presenting with the three sets of features I
referred to earlier on. I strongly believe that a study
conducted in Class II patients with the three sets
of characteristics described above will inevitably
yield different outcomes.

FUTURE
How do you view the current position held by
orthognathic surgery in Brazil? How would you
compare it to other countries? (Antenor Araujo)
We owe the inception of orthognathic surgery
in Brazil to pioneers, the likes of Mario Graziani,
Paulo Pinho de Medeiros, Italo Gandelman, Joao
Jorge de Barros and Jodo Ephraim Wagner, and I
can’t think of a better start. With the development
of “Modern Orthognathic Surgery” — by which is
meant a combination of surgery and orthodontics -
there was a refinement in surgical techniques that
already existed, and are still widely employed to
this day, combined with new concepts in diagnosis
and treatment planning. When he arrived in Brazil
in 1978 after 3 years spent in Dallas, Texas, USA,
Dr. Antenor Aratjo helped to develop Brazilian or-
thodontics and enabled a most fruitful exchange
with centers of excellence abroad. Today Brazil has
established itself in the international scene given
the quality of our professionals, which is compa-
rable to that of the best centers in the world. The
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challenge we face today lies in training high-level
professionals to serve 200 million people in a
country of continental proportions. It is still not
uncommon to see surgeons packing a “doctor’s
bag” with surgical instruments and traveling to
operate on patients a long ways from home. This
is obviously not the best care you can provide. I'd
hate to have, say an abdomen surgery, today and
not have the surgeon around the next day because
he has flown off somewhere else to see another
patient. Our challenge is to train more and more
quality professionals and spread them throughout
Brazil. I try to give my humble contribution.

What medium to long-term advances can we
expect in the field of Orthognathic Surgery?
What will this major surgery be like 20 years
from now? (Weber Ursi)

Although there have been refinements in sur-
gical techniques, the main developments have oc-
curred and tend to develop further in surgical ma-
terials and in the area of digital technology. Rigid
fixation techniques have improved through the de-
velopment of finer plates and screws, without any
noticeable loss in quality. Alloplastic materials are
replacing autografts at such a rate that I believe in
the near future we will no longer need to remove the
patient’s own bone for any purpose. Digital diagnos-
tics and planning save time and impart reliability
to ortho-surgical treatments. I really look forward
to the development of less traumatic bone cutting
instruments. Less invasive surgeries? Robotic Sur-
gery? Time will tell.

YOUR SPACE
What were the three most gratifying ortho-surgi-
cal cases in your career? (Marco Antonio Almeida)
The first patient I would highlight is a girl now 25.
She has a 7-year-old daughter with a severe retrogna-
thia and no mouth opening as a result of temporoman-
dibular joint ankylosis. The patient was operated on
to resolve the ankylosis in two different steps, i.e., she
received costochondral graft to improve mandibular
growth in anotherintervention, and finally underwent
orthognathic surgery. The interventions put in place
during the first decade of life are aimed at enabling
mobility and stimulating growth. The ortho-surgical
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Figure 10 - Seven-year-old patient showing retrognathia with severe mandibular deviation to the left (A, B). Marked Class Il malocclusion (C) and se-
verely underdeveloped mandible (D). CT scan showed a major ankylotic block on the left side (E).

Figure 11 - After two interventions and 4 years into treatment, there was improvement in oral movements and esthetics (A, B). Patient at age 7 and 14 (C, D).
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Figure 12 - Patient at age 21 years.

Figure 13 - Note degree of mandibular develop-
ment about 14 years after interventions.

treatment achieved a better occlusion and satisfactory
facial esthetics (Figs 10 to 13).

Shy and withdrawn, the second patient present-
ed for treatment at 20 years of age. According to his
mother, he had been bullied for many years because
of his unsightly facial appearance. He underwent

© 2012 Dental Press Journal of Orthodontics

19

orthodontic treatment and maxillomandibular os-
teotomies, and was given psychological support
postoperatively. About a year after surgery and orth-
odontic treatment, he returned, now more talkative,
lively and even responding to the jokes and remarks
from members of our surgical team (Figs 14, 15, 16).
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Figure 14 - Hypoplastic mandible and greatly increased mandibular plane. Note long face and severe lip incompetence (A, B); patient was extremely shy
and hardly ever smiled (C).

Figure 15 - Preoperative occlusion. Due to difficulties in social adjustment, “Anticipated Benefit”
was employed (A). Occlusion about 14 months after surgery (B).

Figure 16 - 14 months postoperatively. Note improvement in interlabial relationship. Changes in behavior and attitude were remarkable.
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The third patient was a young woman aged 23, maxillary vertical hypoplasia, mandibular progna-
who exhibited several positive characteristics such thism and lateral deviation of the mandible. As a
as beautiful skin, eyes and hair which, however, result of the successful functional and esthetic out-
were undermined by a complex dentofacial de- come achieved, positive changes occurred in many
formity. She presented with maxillary retrusion, areas of her life (Figs 17 to 20).

Figure 17 - A) The maxilla was retruded, the mandible overly protruded and the nasal dorsum showed an unfavorable contour, B) patient had facial asym-
metry with marked mandibular deviation; C) the maxilla was uneven and also hypoplastic in the vertical direction, which compromised the smile.

Figure 18 - Preoperative occlusion (A) and approximately 8 months after surgery (B).

Figure 19 - Patient about 8 months after surgery.
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Figure 20 - Changes in frontal view resulting from esthetic treatment (A, B). Profile before and after
surgery (C, D). An improved facial symmetry and smile highlighted other patient features (E, F).
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Study of face pleasantness using facial analysis in standardized
frontal photographs

Imara de Almeida Castro Morosini', Ana Paula Lazzari Marques Peron?, Keila Rodrigues Correia’, Ricardo Moresca*

Objective: The purpose of this research was to check if the numeric facial analysis can determine facial attractive-
ness.

Method: The sample consisted of frontal and lateral standard facial photographs, in natural head position, of 85
Brazilian Caucasian women, without facial plastic surgery report. The sample mean age was 23 years and 9 months.
A group of 5 orthodontists, 5 layman and 5 plastic artists classified the photographs according to their own attrac-
tiveness graduation in: pleasant, acceptable and not pleasant. The numeric facial analysis was then performed us-
ing a computerized method. Linear, proportional and angular measurements were compared among groups.

Results: According subjective analysis the sample was consisted of 18.8% of pleasant, 70.6% of acceptable and
10.6% of not pleasant. In most measurements there were no differences among groups. Just in three of them sig-
nificant statistical difference was observed and in two of them the comparison value was within decision limit. All
the differences found were related to the lower third of the face and to facial pattern.

Conclusion: On the present research, the numeric facial analysis, by itself, was not capable of detecting facial at-

tractiveness, considering that beauty judgment seems to be very personal.

Keywords: Facial analysis. Attractiveness. Facial esthetics.

! Specialist in Orthodontics and MSc in Dentistry, UFPR. Professor of Specialization
course in Orthodontics, Positivo University

2Specialist in Orthodontics, UFPR. MSc student in Orthodontics, PUC-PR.
Professor of Specialization course in Orthodontics, Positivo University .

3 Specialist in Orthodontics, UFPR.

4PhD in Orthodontics, FOUSP. Associate Professor of Orthodontics, UFPR. Full
Professor of MSc in Dentistry, Positivo University.

© 2012 Dental Press Journal of Orthodontics

24

How to cite this article: Morosini IAC, Peron APLM, Correia KR, Moresca R. Study
of face pleasantness using facial analysis in standardized frontal photographs. Dental
Press J Orthod. 2012 Sept-Oct;17(5):24-34.

Submitted: July 27, 2008 - Revised and accepted: June 01, 2012.

» The authors report no commercial, proprietary or financial interest in the products
or companies described in this article.

» Patients displayed in this article previously approved the use of their facial and in-
traoral photographs.

Contact address: Imara de Almeida Castro Morosini

Av. Candido Hartmann, 1465 - Bigorrilho - Curitiba/ PR - Brasil.
Zip code: 80.710-570 — E-mail: imaracastro@terra.com.br

Dental Press J Orthod. 2012 Sept-Oct;17(5):24-34



Morosini IAC, Peron APLM, Correia KR, Moresca R

INTRODUCTION

Since the beginning of the 20th century, it has
been observed in Orthodontics a great concern
about esthetics, especially involving concepts of
balance and facial proportions.?2-”

Beauty criteria are highly subjective, reflect-
ing cultural peculiarities of a population, the re-
gion where they live and a determined period
of time." Over the years there were significant
changes in facial esthetic standards, so orthodon-
tists must be updated about what the population
considers an ideal face.*

From the patient’s point of view, esthetics is the
main motivation for seeking orthodontic treat-
ment.?**® For this reason it is recommended that
orthodontic treatment is planned starting from a
global evaluation of the face, paying attention to
esthetic necessities as well as to cephalometric and
functional matters.

Through diagnosis, the professional must try to
identify the unpleasant facial characteristics which
can be improved with the orthodontic treatment, as
well as the aspects considered pleasant and must be
preserved during treatment. It is important, how-
ever, that this evaluation consider the ethnical and
personal characteristics of the patient, trying to use
the same esthetic evaluation parameters of the pa-
tient and the society in which he belongs.

Several studies were developed focusing both nu-
merical and subjective facial analysis,

Aiming to establish reference values for facial
measurements and to verify esthetical tendencies of
the studied populations.t:3#57-1116.22.23.26

Some authors evaluated esthetics through
clinical exams and measurements directly on the
face.*®?> Studies with laser scanning techniques'®
and computerized methods'”'® were also per-
formed. Other authors chose to use facial photo-
graphs to evaluate esthetics,*® considering that
photographs allow a more accurate evaluation of
measurements and proportions, which would be
difficult directly on the face.

Photographs allow the observation of harmoni-
ous relation between soft and hard facial tissues, also
considering adipose tissue, besides not exposing the
patient to radiation and having a very low cost.’

This study was developed to evaluate facial at-
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tractiveness and facial characteristics of women in
a frontal view through standardized photographs,
in order to:

1) Characterize the studied sample according to
subjective concepts of facial esthetics in esthet-
ically pleasant, esthetically acceptable and es-
thetically unpleasant, considering frontal and
lateral photographs together.

2) Verify agreement level between subjective eval-
uations conducted by orthodontists, plastic art-
ists and laypeople.

3) Verify the possible differences between means
of the variables proposed in the three studied
groups, considering only frontal photographs.

4) Verify whether the numerical frontal facial anal-
ysis is sensitive to detect facial attractiveness.

MATERIAL AND METHODS
Material
Sample
The present study was part of a series of per-
formed researches with the objective of studying
the facial esthetics in women, applying several fa-
cial analysis, both numerical and proportional.
Standardized facial photographs from 85 individ-
uals of female gender,Brazilians, Caucasians, living
in the city of Curitiba, from 18 to 30 years old, with-
out previous facial plastic surgery were used. The
mean age of the sample was of 23 years and 9 months
+ 3 years and 2 months. All individuals voluntarily
participate in the research and signed a Term of In-
formed Free Consent, which informed them about
the study intentions.

Methods
Photographs

To obtain the photographs (frontal and lateral)
individuals were sat and, looking directly to the eyes
reflected in the mirror in front of them,%**° keeping
an upright and normal posture, with both arms free
along the body.’ This position corresponds to the
“Broca’s Natural Head Position”.

Behind individuals were placed a white screen to
standardize the background, this way the ambiance
would not influence photographs evaluation. For
true vertical reference it was used a plumbline.

The camera was placed on a Vivitar tripod to stan-
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dardize the distance between it and the individual, also
avoiding undesirable movements of operator while
taking photographs. Configuring the camera, focal
length, Shutter Speed and lens aperture were, respec-
tively, 1.70 m, 1/200 and F 29. It was used ring flash as
source of light.>?>2° To verify correlation between real
measurements and measures from the photographs,
two reference points were marked in the forehead of
5 individuals distancing 1 cm from each other.” After
photographs revelation, the marks were measured
and the value of 0.4 cm was obtained. It could be con-
cluded in this sample that photographs corresponded
to 40% of the real size.

The photographs were printed in the same QLab
studio (international Kodak quality standard) in 10 x
15 cm size, color, matte paper.

Method of sample classification

The photographs were presented to 15 examiners
divided into 3 groups:

5 specialists in Orthodontics, 5 laymen in Ortho-
dontics and not related to the arts and 5 plastic artists.
The mean age of evaluators was 44 years and 8 months
+10 years and 8 months.

Evaluators were instructed to assign a value rang-
ing from 1 to 9 to each participant using their own
esthetics criteria, always considering the two photo-
graphs together. Value 1 meant the lowest facial at-
tractiveness and 9 the highest level os facial attrac-
tiveness. They were instructed to do all evaluations at
the same time.

After results tabulation, it was calculated the
means for each one of the 85 individual and they were
classified into 3 groups according to the facial attrac-
tiveness, being:

» Group 1: Esthetically pleasant (score 1, 2, 3 or 4);

» Group 2: Esthetically acceptable (score 5 or 6);

» Group 3: Esthetically pleasant (score 7, 8 or 9).

Facial analysis

The photometric tracings were performed only in
frontal photographs, by the same trained observer, not
from the group in charge of subjective evaluations, us-
ing a computerized method. For this purpose, it was
used the software Radiocef Studio 2®, in which was de-
veloped a frontal facial analysis with the Mixcef tool.

The photographs were saved in JPEG format and
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uploaded directly to the software, with 300 dpi resolu-
tion. Aiming a better identification of the points, the
software had also a tool for enlarging the image, which
was used by the professional when it was needed.

Photometric points
Photometric points used are displayed in Figure 1.

Linear measures
Linear measures are represented in Figures 2, 3
and 4, with its descriptions.

Proportional measures

1) Facial index: Is the proportion between the facial
height (N>-Me’) and the upper facial width (Zid’-Zie’)
(Fig5).

The Facial Index determines the facial type and is
calculated this way:

facial height x 100

upper facial width

Figure 1 - Photometric Points: GI' - soft tissue glabella; N' - soft tissue
nasion; Exd-right external corner of the eye; Exe - left external corner of
the eye; End - right internal corner of the eye; Ene - left internal corner
of the eye; V - Point V; Sn - subnasale; Ald - right alar poit; Ale - left
alar point; F- lower philtrum; Ls- upper philtrum; Li- lower lip; Abd- right
mouth angle; Abe - left mouth corner; Es- stomium; Zid - right zigion;
God'- right gonion; Goe'- left gonion; Me'- Menton.
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Figure 2 - Linear measurements from 1to 9: 1) Upper lip length (Sn-Es);
2) Lower lip length (Es-Me"); 3); Philtrum length (Sn-U1); 4) Nose promi-
nence (V- Sn); 5) Vermilion border of the upper lip ( UI-Es); 6) Vermilion
border of the lower lip (Es-LI); 7) Mouth heigth (UI-LI); 8) Middle facial
height (GI' to Sn); 9) Lower facial height (Sn to Me").

2) Facial Height Proportion: The proportion be-
tween Middle facial height (GI’-Sn) and lower facial
height (Sn-Me’) (Fig 5).

Angular measures

Angular measurements used are shown in Figures
6 and 7, with their respective descriptions.

For the angle of facial symmetry the midline of the
face was defined by the nasion (N’) and filter (F).

Statistical Analysis

Comparisons between numerical measurements
obtained in the 3 groups (esthetically pleasant, ac-
ceptable and unpleasant) were performed using
ANOVA and Kruskal-Wallis test, with the software
“Primer of Biostatistics” The significance level was
of 5% (p < 0.05).
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Figure 3 - Linear measurement 10: Commissure line inclination - difference,
in millimeters, from the commissure line to the line joining the external cor-
ners of the eyes at Abd point height (a) and at Abe point height (b).

To verify concordance level between evaluations
of different groups, Kappa index was used and the
percentage of reviewers agreeing by the Minitab soft-
ware, 2007 version (www.minitabbrasil.com.br).

Error of method evaluation

The Error of method analysis was performed by
repeating the marking points of the same operator,
followed by measurement of factors by Radiocef
Studio 2 software and 20 photographs of the sam-
ple, randomly selected. The interval between evalu-
ations was of 1 week.

To check the systematic error, data obtained from
first and second measurements were submitted to
Student’s t test and to Wilcoxon test for paired sam-
ples, significance level of 5%. To evaluate casual error,
the Dahlberg formula was used.
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Superior Facial Width

Facial
Height

Figure 4 - Linear measures 11 to 17: 11) Upper facial width (Zid' and Zie'); 12) Figure 5 - Proportional measures - Facial Index: Proportion between upper
Lower facial width (God' and Goe"); 13) Right eye width (Exd to End); 14) Left facial height and facial width; Facial Height Proportion: Proportion between
eye width (Exe to Ene); 15) intercanthal distance (End to Ene); 16) Nasal width middle face height and lower face height.

(Ald to Ale); 17) Mouth width (Abd to Abe).

i

Figure 6 - Angular measures 1 and 2: 1) Facial symmetry angle - angle Figure 7 - Angular measures 3 and 4: 3) VV Angle - angle formed by lines ex-
formed between facial midline (N'-F) and Sn'Me’ line 2) Symmetry between tending from V to God' point and from V to Goe'; 4) Facial aperture modi-
left and right side of the face - the difference between left and right angle fied angle - angle formed by right and left lines extending from Exd to Exe
measurements formed by intersection of Zi'-Go' and Ex-Go' lines to Me' point.
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RESULTS

The data found in this research will be described
and presented in tables 1to 5.

Considering all the evaluators together (five ortho-
dontists, five artists and five laymen), the mean score
was calculated for each photograph, ranging from 1to 9.
At this point, it were added the 15 marks given for each
individual and calculated the mean value obtained by
dividing the sum by the total number of evaluators who
constituted the group, disregarding the first decimal
point by rounding the scores to the nearest integer val-
ue. Thus, to each participant it was given only one score
mean, regardless the group of evaluators.

From the mean scores individuals were divided
into 3 groups according to the degree of facial attrac-
tiveness. Group 2, corresponding to esthetically ac-
ceptable, was the one which contemplated the highest
percentage of participants, 70.6% (Table 1).

To check the agreement level between the clas-
sifications made by different groups of evaluators
(orthodontists, artists and laymen) it was used the
Kappa Index of Agreement and the percentage of
concordant evaluators. It was observed that the
lower concordance was found between laymen and
orthodontists, and the highest among laymen and
plastic artists (Table 2).

Seventeen linear measurements, 2 proportional
and 4 angular, were performed on the groups pre-
sented in Tables 3-5. Comparing the means, it was
found that only 3 of these variables were statisti-
cally significant different, 1 being linear (extension
of the lower lip vermilion border) and two angular
(angle of facial aperture modified and V angle). In
the other measurements no statistically significant
differences were found.

DISCUSSION

Beauty is represented by balance and harmo-
ny of facial proportions, including skeletal struc-
tures, teeth and soft tissues of the face. Orthodontic

Table 2 - Kappa Index of agreement between groups.

Evaluators
Lay x Plastic artists
Lay x Orthodontists

Plastic artists x Orthodontists

treatment frequently aims to preserve our increas-
ing facial characteristics through visible changes on
soft tissues. It is important to perform a global evalu-
ation of face, paying attention to the patient’s esthet-
ical necessities and not only to the functional and
cephalometric matters. This study was developed to
evaluate facial attractiveness and the characteristics
of female faces in a frontal view through numeric fa-
cial analysis.

Regarding the attractiveness, the sample was char-
acterized by 16 individuals esthetically unpleasant
(18.8%), 60 esthetically acceptable (70.6%) and 9 es-
thetically pleasant (10.6%), indicating predominance
of the esthetically acceptable standard, which was
also found by other authors."** The smaller group
in this study was the esthetically pleasant, just like in
the study of Reis* and Morihisa,"> demonstrating how
hard are the beauty standards imposed by society,
many times looking for unreachable ideals.

Facial esthetic is very subjective, thus to perform
a reliable rating, the evaluator group has to be as nu-
merous and heterogeneous as possible, trying to avoid
individual influences, being composed by people from
different academic contexts. In most researches found
in literature it were selected orthodontists, plastic art-
ists and/or lay people to evaluate the esthetics of the
sample. 1011213152329 Following these orientations, in
this research the evaluator group selected to classify
the sample was composed by 5 orthodontists, 5 plastic
artists and 5 lay people of both genders.

Table 1- Subjective concept of facial esthetics.

Concept Scores Number %
Group 1- Unpleasants 1,2,30r4 16 18.8
Group 2 - Acceptables 5o0r6 60 70.6
Group 3 - Pleasant 7,80r9 9 10.6

Total 85 100.0
% of agreements Kappa Interpretation
1.2 0.2026 Slight
21.2 -0.0364 Poor
38.8 01703 Slight
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The agreement level between evaluators was as- respectively 0.2026 and 0.1703, corresponding to
sessed through Kappa index and also by the percentage 41.2% and 38.8% of concordants. So it can be no-
of concordant evaluators, comparing groups in pairs. ticed that the lowest agreement was between lay

Agreementbetween lay people and orthodontists people and orthodontists and the highest between
was considered poor by the Kappa index (-0.0364), lay people and plastic artists.
indicating only 21.2% of agreement. Between lay The obtained data show that there is little agree-
people and artists and then between artists and or- ment between evaluation, suggesting that the cri-
thodontists there were a slight agreement, being teria of esthetic appreciation are really subjective,

Table 3 - Descriptive statistic of linear measurements in the study groups (mm).

Data Minimum Maximum Median p value®
Lower facial width 16.75 29.64 0.378
= Unpleasant 16 2416 247 20.76 29.64 -
= Acceptable 60 23.59 2.33 16.75 28.46 =
* Pleasant 09 22.81 194 19.53 25.87 -

Lower lip-mentonian height

= Unpleasant 16 47.89 3.22 44.26 56.90 -
= Acceptable 60 45.89 314 36.26 51.07 =
* Pleasant 09 45.06 3.99 40.99 54.40 -
Filter length 85 16.96 2.25 10.98 22.24 0.356
= Unpleasant 16 17.53 2.23 14.34 22.24 -
= Acceptable 60 16.92 2.31 10.98 2110 =
= Pleasant 09 16.19 1.85 12.85 18.52 -

Upper lip vermillion extension

* Unpleasant 16 6.63 133 4.48 10.57 -
= Acceptable 60 6.68 1.30 316 11.00 -
* Pleasant 09 6.63 112 512 8.44 -

Lower lip vermillion extension

* Unpleasant 16 1.39 1.39 8.89 13.57 -
= Acceptable 60 10.67 174 6.67 14.49 -
* Pleasant 09 12.01 178 9.48 14.00 -
Mouth height 85 17.60 2.59 10.83 24.39 0.303
= Unpleasant 16 18.00 2.38 1514 2413 -
= Acceptable 60 17.34 2.66 10.83 24.39 =
= Pleasant 09 18.63 2.38 14.58 22.41 -
Commissure line inclination 0.141?
= Unpleasant 16 119 0.65 0.05 2.05 1.20
= Acceptable 60 091 0.80 0.00 4.09 0.77
* Pleasant 09 0.67 0.53 omn 1.59 0.82
Mouth width 85 50.54 3.66 4291 59.82 0.213
= Unpleasant 16 50.34 3.25 44.68 55.98 -
= Acceptable 60 50.29 3.75 4291 59.82 =
* Pleasant 09 52.57 3.38 4795 57.60 -
Upper facial height 85 142.40 7.07 125.26 157.77 0.374
= Unpleasant 16 144.62 6.58 132.41 156.88 -
= Acceptable 60 141.97 7.38 125.26 157.77 =
= Pleasant 09 141.37 542 131.53 147.33 -
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Table 3 (continuation) - Descriptive statistic of linear measurements in the study groups (mm).

Data Minimum Maximum p value®

Lower facial width 95.87 131.91 0.647

* Unpleasant 16 13.25 6.80 103.53 129.46 -

* Acceptable 60 114.12 774 95.87 131.91 -

* Pleasant 09 1M.75 5.84 10110 121.04 -
Nose length 85 44.73 4.57 35.85 57.21 - 0.195

* Unpleasant 16 46.33 6.29 3779 57.21 -

* Acceptable 60 446 419 35.85 531 -

* Pleasant 09 45.69 2.77 40.76 49.27 -
Nose width 85 36.20 3.01 28.86 43.89 - 0.661

* Unpleasant 16 36.20 2.85 3243 43.70 -

* Acceptable 60 36.33 318 28.86 43.89 -

* Pleasant 09 3534 213 31.70 38.01 -
Right eye width 85 29.51 177 25.60 33.36 - 0.283

* Unpleasant 16 29.96 173 26.65 33.09 -

* Acceptable 60 29.32 177 25.60 33.36 -

* Pleasant 09 30.04 1.72 26.78 3243 -
Left eye width 85 29.85 1.92 26.02 34.52 - 0.347

* Unpleasant 16 30.28 1.84 26.55 34.52 -

* Acceptable 60 29.65 1.94 26.02 34.26 -

* Pleasant 09 30.38 190 2748 33.06 -
Intercanthal width 85 33.37 2.63 27.41 37.90 - 0.624

* Unpleasant 16 32.79 3.01 2746 3719 -

= Acceptable 60 33.51 2.59 27.41 3790 -

* Pleasant 09 33.45 2.25 29.95 35.54 -
Middle face height 85 70.56 5.85 57.42 87.83 - 0.215

* Unpleasant 16 72.87 794 59.07 87.83 -

* Acceptable 60 69.99 5.32 57.42 83.97 -

* Pleasant 09 70.26 4.40 63.71 74.96 -
Lower facial height 85 69.76 4.89 56.86 80.88 - 0.080

* Unpleasant 16 72.02 4.20 66.67 80.88 -

* Acceptable 60 69.45 490 56.86 78.26 -

* Pleasant 09 67.85 512 60.50 78.00 -

OBSERVATION: It is recommended to use median for very high SD values. (") ANOVA; (?) Kruskal-Wallis.

Table 4 - Descriptive statistics of proportional measurements in the study groups.

Data Minimum Maximum p value @
Facial Index 75.10 94.74 0.229
* Unpleasant 16 86.52 4.30 7799 94.03 -
* Acceptable 60 84.70 3.59 76.91 94.74 -
* Pleasant 09 84.58 4.48 7510 89.12 -
Facial height proportion
* Unpleasant 16 1.01 012 0.81 117 -
* Acceptable 60 1.01 0.09 0.84 1.26 =
* Pleasant 09 1.04 0.09 092 123 -

@ ANOVA.
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Table 5 - Descriptive statistics of angular measurements in the study groups.

Data n Minimum Maximum Median p Value
Angle of facial symmetry 85 0.01 4.46 1.24 0.618™
« Unpleasant 16 1.66 1.07 0.32 3.67 1.26
* Acceptable 60 143 1.06 0.01 4.46 1.25
* Pleasant 09 119 0.96 0.34 3.31 116
Facial apear::: modified 85 . 0.021®
* Unpleasant 16 4292 242 36.53 4571 -
* Acceptable 60 44.25 1.70 4017 4818 -
* Pleasant 09 44.88 212 4214 48.71 -
V Angle 85 71.02 3.48 62.51 80.38 - 0.011®
* Unpleasant 6 68.98 4.07 62.51 75.66 -
* Acceptable 60 71.72 3.27 63.05 80.38 °
* Pleasant 09 69.98 197 67.80 73.47 -
et
* Unpleasant 16 1.47 1.01 0.05 3.50 1.38
* Acceptable 60 1.26 0.89 0.01 3.56 110
* Pleasant 09 1.69 110 0.03 3.50 1.67

OBSERVATION: For very high SD values it is recommended to use the median. () Kruskal-Wallis; (?) ANOVA.

confirming the findings of Martins," besides showing  would be a group with a larger number of participants
a tendency of orthodontists being more complacent, than the used in this research.
giving higher scores to the participants.

A possible explanation would be the concern of or- Numeric facial analysis
thodontist with the symmetry, balance and facial pro- In five variables it were found important dif-
portions, not only with isolated shapes. Other factor is ferences and these were related to the lower facial
the fact that orthodontists know the facial limitations, third and the facial standard. In the group estheti-
being capable to recognize pleasant characteristics cally unpleasant it was observed a tendency to more
even among small imperfections. In this research the elongated faces with increased lower third, which is
laymen were the most critical on the evaluation and considered very unfavorable to the facial balance,
the plastic artists assigned intermediate scores. especially in female subjects.

The more specialized and related to esthetics the In the present research the mean found for
evaluator groups, the higher were the scores assigned ~ the vermillion extension of lower lip was of
to the sample. However, these findings disagree with 10.95%1.73 mm. This variable presented higher val-
those presented in a study evaluating the attractive- ues for the esthetically pleasant group, with a mean
ness of facial profile and stated that, in general, clini- value 0f 12.01 £1.78 mm. For the esthetically accept-
cians (orthodontists and maxillofacial surgeons) were able and unpleasant groups, the means were respec-
more strict about facial esthetics than non-clinician tively 11.3 9 £ 1.39 mm and 10.67 * 1.74 mm. The dif-
(plastic artists and laymen), although all groups have ference found between values on the 3 groups was
agreed on the choice of most attractive profile.* Thus, considered statistically significant. This fact can be

for more conclusive results about the degree of agree- explained by the current preference for more thick
ment between the assessors and the tendency of es- lips spread by media.
thetic judgment between groups with different areas The lower lip length was higher on the groups es-

of expertise, itisimportant to emphasize that the ideal thetically unpleasant.
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The general mean found was 46.18 + 3,32 mm. In
the esthetically pleasant group the mean was of 45.06
+ 3.99 mm. For esthetically acceptable and unpleas-
ant groups the mean values were respectively 45.89 *
3.14 mm and 47.89 * 3.22 mm. However, there was no
statistically significant difference The same way, the
lower facial height was also higher for esthetically un-
pleasant group. In this research, the mean was 69.76
+ 4,89 mm. The mean value found for the esthetically
pleasant group was of 67.85 + 5.12 mm; in the estheti-
cally acceptable group 69.45 * 4,90 mm and in the es-
thetically unpleasant 72.02 + 4.20 mm. It was not ob-
served statistically significant difference. Both lower
lip length and lower facial height were higher in the
esthetically unpleasant group. These two variables are
related to along lower third of the face.

The facial aperture modified angle was lower
in the esthetically unpleasant group, being that a
significant difference. The mean value obtained
in this study was of 44.07 + 1.96°. In the pleasant
group the mean was 44.88 * 2.12°, in the acceptable
group was 44.25 * 1.70° and in the unpleasant was
42,92 + 2.42° Lower values for this angle indicate
a longer and thinner face, what agrees with the re-
sults obtained for the lower lip length and for lower
facial height that also showed a tendency of estheti-
cally unpleasant group presenting longer faces.

The V angle is related to the facial type. A lower
value indicates alonger face and a higher value indi-
cates a wider face. This angle presented significant
difference compared to other groups, being higher
for the esthetically acceptable group, indicating a
tendency for a more horizontal facial growth for the
individuals composing this group.

It was not found any other statistically signifi-
cant difference for the other variables when com-
paring the 3 groups. This result demonstrated that
the numeric facial analysis used isolated was not
able to detect the attractiveness standard since
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beauty criteria are subjective, being influenced by
cultural, racial, age and gender factors."

This way, an orthodontic treatment just aiming to
adequate to proposed standards by facial and cepha-
lometric analysis do not guarantee an ideal beautiful
face, but it is important that orthodontists and sur-
geons have the esthetics standards of orientation.?*

Instead of seeking absolute values, the harmony,
balance and proportionality associated to the esthetic
perception of the patient should substantiate the di-
agnosis and treatment plan, so the esthetic benefits of
the treatment is noticed by everyone.>?-242729

CONCLUSIONS
1) The sample was characterized by 16 individuals
esthetically unpleasant 18.8%), 60 esthetically
acceptable (70.6%) and 9 esthetically pleasant
(10.6%), indicating dominance for the estheti-
cally acceptable standard.

2) Obtained data showed little agreement between
evaluation of orthodontists, plastic artists and
lay people. The more specialized and related to
esthetics the evaluator group, the higher were
the scores assigned to the participants of the re-
search. This way, orthodontists were the most
complacent, followed by plastic artists, being
the laymen the most critical evaluators.

In the evaluation of facial measurements, it was
observed that in only 3 variables there were
statistically significant difference, which were:
Lower lip vermillion border, facial aperture
modified angle and V angle. In two measure-
ments it was observed adjacent probability:
Lower lip length and anterior facial height.

The numeric facial analysis, when used iso-
lated, seems to not be sensitive to detect at-
tractiveness standards since they are highly
subjective, being influenced by cultural, racial,
age and gender factors.

3

4)
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Facial pattern of patients with post-foramen incisor cleft

Leopoldino Capelozza Filho', Rodrigo Silva Caldas?, Rita de Cassia Moura Carvalho Lauris?, Arlete de Oliveira Cavassan*

Objective: The assessment and establishment of the facial growth pattern for patients with a cleft palate.

Material: This cross-sectional retrospective study was based on front and profile photos of a sample of 71 pa-
tients at the HRAC-USP, 22 males and 49 females, Brazilians, young adults, with a mean age of 17 years 8 months,
without previous orthodontic treatment and no associated syndromes. The method was the subjective facial
diagnosis based on technical concepts, that is, the qualitative morphologic analysis of the face through clinical
examination. Individuals were classified as Pattern I, IT, ITI, Long Face or Short Face.

Results: The distribution found with the frontal morphologic analysis was: Pattern I (69%), I (6%), I11 (7%), Long (18%)
and Short (0%). As for the profile morphologic analysis, the distribution was: Pattern I (35%), II (38%), I1I (10%), Long
(17%) and Short (0%).The distribution observed in the frontal analysis was very positive, since individuals Pattern I
prevailed. For the profile evaluation, the anterior-posterior dysplasias were essentially shown, significantly increas-
ing their participation. Long Face Pattern maintained a balance in both ratings and Short Face Pattern was not found
in the sample used, probably related to the low prevalence in the general population.

Conclusion: The prevalence of different Facial Patterns for patients with cleft palate was similar to that found in
individuals without cleft.

Keywords: Cleft palate. Orthodontics. Growth.
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INTRODUCTION

Cleft lip and/or palate are congenital malforma-
tions that occur in the embryonic period and involve
numerous consequences that can follow a person
throughout life. The morphological change clinically
manifested is variable and may involve the lip, palate
or lip and palate.?®

The cleft palate, which corresponds to about 23% of
cleft patients,’ the object of study of this work, appears
in the prenatal life, the period between late embryonic
and early fetal periods, specifically between the eighth
and twelfth week of pregnancy, during which it is fused
the secondary palate. The formation of the secondary
palate comprises: 1) The growth of two individual pal-
ate processes, one on each side, originated from the
inner part of the maxillary processes, 2) the elevation
of palatal processes obliquely positioned on each side
of the tongue, and 3) finally, medial growth toward
the midline to the junction of two palatine processes,
which culminates in the disappearance of the epithe-
lium that covers and individualizes it, characterized
by abiological mechanism called “mesodermization”.
These events occur until the twelfth week of prenatal
life. The fusion failure of the palatine processes, due
to the absence of any of these events described above,
determines the cleft palate, which morphological di-
versity varies in length from a cleft uvula to the full
impairment of the palate when it reaches the incisive
foramen (Fig 2).2 They can be classified as complete or
incomplete and aggravating from posterior to anteri-
or. Itis believed in extra-genetic etiology for cleft pal-
ate, although it has been mentioned that several genes
are involved in the formation of palate.!'

The Hospital for Rehabilitation of Craniofacial
Anomalies (HRAC-USP) set a routine therapy that
establishes the performance of palatoplasty at 12
months old. It seems obvious the logic to reconstruct
the morphology and then seek an adjustment of the
functions developed by the nasopharyngeal system."
The anatomical restoration of cleft palate aims to
develop normal speech, protection of the nasal respi-
ratory mucosa and better functioning of the Eusta-
chian tube. There is a consensus that the earlier the
palatoplasty is performed, the better the functional
responses.'In patients with cleft palate, palatoplasty
may negatively influence the sagittal maxillary per-
formance, according to analysis of malar projection
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on the face, although it does not compromise the fa-
cial behavior pattern.?

The configuration of the dentofacial characteristics
of patients with cleft lip and / or palate has been based
on cephalometry. In this context, the cephalometric
pattern of patients with cleft palate displays difference
in relation to cephalometric normative.?” Due to lack of
literature reports describing the facial pattern of pa-
tients with this type of cleft, there is the necessity of a
larger study that is not based solely on the cephalomet-
ric pattern but also in the facial morphology.

OBJECTIVE

The purpose of this study was to diagnose the facial
growth pattern in patients with cleft palate using fa-
cial morphological analysis, through frontal and pro-
file assessments, defining the classification based on
the concept of pattern suggested by Capelozza Filho.?

MATERIAL AND METHODS

For this retrospective cross-sectional study
were selected frontal and profile photographs
based on existing orthodontic records, 71 patients
enrolled at HRAC-USP (Fig 1), 22 males and 49 fe-
males, Brazilian, Caucasian, young adults in per-
manent dentition stage, an average of 17 years and
8 months old, with no history of orthodontic treat-
ment nor associated syndromes.

The sample distribution is in agreement with the
literature, where there is a greater consensus on the
frequency of cleft palate in women.?**”

The post-surgical morphological changes, so re-
markable in cleft lip and palate,® ultimately redesign
the maxilla during growth, they do not esthetic com-
promise the cleft palate maxillas, proving that palato-
plasty does not induce changes in the facial pattern of
patients with cleft palate."*?*?° Based on this concept,
we classified the operated and non-operated patients
disregarding the variable “surgery intervention”.

The photographs were prepared, standardized and
assembled on round black backgrounds through spe-
cific computer program (Adobe Photoshop CS2) and
they were printed in size 10 x 15 cm, in order to create
a photo album. The album had two photographs per
page of each patient: a frontal and a profile picture.
Aiming to eliminate a possible influence of incorrect
head posture,* the photographs were assembled on
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round black backgrounds (Fig 3). Thus the examiner
defined the Frankfort’s horizontal plane (Fig 4) in the
image and, in case of not being parallel to the ground,
correctly oriented the photo in the album on the prop-
er position for evaluation.

The two examiners, orthodontists at HRAC-USP,
assigned scores based on technical concepts, con-
sisting only of qualitative morphological analysis of

Total Sample

49

50

40

30

20+
[ female

[ male

Figure 1- Gender distribution for total sample.

the face performed in two assessments and did not
receive prior calibration about the photographs of
this study. The purpose of the absence of calibration
was to make sure that only the individual impres-
sions were recorded when it comes to facial growth
pattern of the patients. For the first assessment, the
album was delivered to the examiners and they were
instructed to evaluate the photographs for 1 minute
and diagnose patients according to the growth pat-
tern for the frontal view and profile: a) Pattern I,
b) Pattern II, ¢) Pattern IIT d) Long Facial Pattern
e) Short Facial Pattern. At this stage the examiners
did not know that they would perform a second eval-
uation intended to verify the intra-examiner match-
up. A second assessment was done 10 days after the
first, and the same instructions were given.

Pattern I is identified in a normal face. When
there is a malocclusion, it is only dental, not associ-
ated with any sagittal or vertical skeletal discrepancy
(Fig 5). Patterns II and III (Figs 6 and 7) are charac-
terized respectively by the positive and negative sag-
ittal balance between maxilla and mandible. In the
Long (Fig 8) and Short Facial Patterns (Fig 9) there is

Figure 2 - A) Different extensions of cleft palate: In uvula (incomplete cleft palate); B) different extensions of cleft palate: In the soft palate (incomplete
cleft palate); C) different extensions of cleft palate, partial hard palate (incomplete cleft palate); D) different extensions of cleft palate, total hard palate
(complete cleft palate).
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Figure 3 - Photography changed in the computer software, assembled
and standardized as described by Bittner and Pancherz.*

a vertical discrepancy. In patients with skeletal dis-
crepancies, malocclusions are usually consequences
of these disharmonies.

On the profile assessment, the Pattern I is charac-
terized by a moderate degree of convexity. The max-
illary expression on the face is identified by the pres-
ence of the zygomatic projection and infraorbital de-
pression, which can be verified also in the front view.
The nasal base line, slightly inclined to the anterior,
shows proper maxillary position. The rictus nasoge-
niano with a slight posterior inclination, completes
the assessment of the maxillary balance. The nasola-
bial angle evaluates the nasal base in relation to the
upper lip, which position is largely determined by the
inclination of upper incisors. Therefore, this angle
may be appropriated, open or closed in Pattern I pa-
tients, as a consequence of the position of the upper
front teeth, regardless the good maxillary position, al-
ways observed in these patients.>2%2*

The maxillary balance (size, shape and position)
may be verified on profile assessment through the
mentocervical angle. It should be expressive with-
out being excessive and tend to parallelism with the
Camper’s Plane. This parallelism contributes to a
proper mentocervical angle. In addition, it is expected
an esthetically pleasing mentolabial sulcus and built
with equal participation of the lip and chin.’

Patients from patterns II and III present saggital
discrepancy between the maxilla and identified man-
dible, mainly on the lateral face assessment. Individu-
als classified as Pattern I in front view and in profile IT
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Figure 4 - Frankfort Horizontal Plane: The line between points Po'-Or .

or IIT have a better prognosis when compared to pat-
terns II or III in front and side view, in which the un-
balance is severe enough to be identified in the frontal
assessment due to its vertical consequences. Pattern
IT presents increased facial convexity as a result of
maxillary excess, rarer, or by mandibular deficiency.
Generally, it is observed a maxilla with good expres-
sion on the face, while the lower third is deficient with
a short mentocervical angle.?

In Pattern III, the facial convexity presents a de-
crease,?” resulting in a straight profile or rarely con-
cave, due to maxillary deficiency, mandibular progna-
thism or the combination of both. The middle facial
height tends to look deficient, even if it is normal,
because the mandibular excess dislocate to anterior
the soft tissue of the maxilla, masking the zygomatic
projection reading.” The lower face tends to increase,
especially in prognathism, and the mentocervical an-
gle looks normal in maxillary deficiency individuals or
excessive in the prognathous.

The patients classified as Long and Short Facial Pat-
terns have a visible vertical unconformity in the front
and profile evaluations.’ The long facial pattern is char-
acterized by excessive facial height, resulting in the
absence of lip sealing, increased facial convexity, weak
maxilla expression and short mentocervical angle.” The
Short Facial Pattern patient is identified by disabilities
in the vertical dimensions, compressed lips, maxilla
with appropriate position and high mentocervical an-
gle, due to counterclockwise rotation of the mandible.®
To perform the analysis of inter and intra-examiner

Dental Press J Orthod. 2012 Sept-Oct;17(5):35-42



Capelozza Filho L, Caldas RS, Lauris RCMC, Cavassan AO

Figure 5 - A) Frontal facial photograph of a
Pattern | patient with cleft palate; B) facial
profile photograph of a Pattern | patient with
cleft palate.

Figure 6 - A) Photograph of frontal facial Pat-
tern Il patients with cleft palate; B) facial pro-
file photograph of a Pattern Il patient with cleft
palate.

Figure 7 - A) Frontal facial photograph of a
patient with Pattern Ill cleft palate; B) facial
profile photograph of Pattern Il patient with
cleft palate.
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Figure 8 - A) Frontal facial photograph of a
Long Facial Pattern patient with cleft palate.
B) Facial profile photograph of a Long Facial
Pattern patient with cleft palate.

Figure 9 - A) - Frontal facial photograph of a
Short Facial Pattern patient. B) Profile facial
photograph of a Short Facial Pattern patient.

data, the Kappa statistic®was used, and the confidence
intervals were constructed by the methods proposed by
Donner and Eliasziw."

RESULTS

The facial morphological analysis is the main diag-
nosis tool to determine the Facial Pattern ? that refers
to treatment protocols and specific prognostic in dif-
ferent age groups.®

This study, aiming to define the prevalence of dif-
ferent patterns for individuals with cleft palate, yielded
the values shown in figures 10 and 11, with Kappa values
ranging from 0.76 to 0.98 for the frontal analysis and
0.81 to 0.98 for the profile in the intra-examiner assess-
ment, with a high level of agreement. Kappa statistics
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in assessing inter examiner ranged from 0.45 to 0.79 for
the frontal analysis and from 0.45 to 0.79 for the profile,
with a rate of moderate to substantial agreement.

DISCUSSION

The distribution observed in the frontal aspect
was potentially positive regarding the esthetic point
of view, since Pattern I individuals were predominant
in this analysis (69%), similar to results obtained in
studies with patients without cleft, to the different
patterns, not including Long Face and Short Face,
where the pattern I obtained 85% of the sample.?

Once the profile was considered, the distribu-
tion changed significantly. This difference in ratings
for Patterns in the frontal and profile, called index of
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Frontal

W Pattern |
Pattern Il

W Pattern Il
Long face
Short face

Profile

Pattern |
© Pattern Il

Pattern IIl
W Long face

Short face

Figure 10 - Distribution of different patterns in frontal view.

incompatibility was 35% for the total sample, the same
value found in patients without cleft.?® This change was
clearly expressed by the migration of individuals classi-
fied as frontal Pattern I to the Patterns IIT and especial-
ly IT, by the profile classification. As suggested by Reis,*
itis in this norm — the profile — that the malocclusions
of Patterns IT and III, anteroposterior dysplasia, are es-
sentially expressed. The present work noticed the prev-
alence of 38% and 10% respectively in the Patterns II
and I1I in the profile. Thus, following the higher preva-
lence of malocclusions in the Pattern IT, many individu-
als that presented it with a less significant magnitude,
were not marked in the frontal analysis of the face, be-
ing classified as Pattern I (32%). The same happened, in
lower proportions, with Standard III (3%).

For the prevalence of Pattern I individuals, we
must consider them only when the classification is
repeated for the front and profile, so the prevalence
would be 35%, similar to the projection for the general
population of individuals without cleft, considering
the characteristics of sample, in which patients with
vertical discrepancies were not included.

From the cephalometric point of view, individuals
with cleft palate present a retrognathic mature face,
however, with an acceptable sagittal relation between
the apical bases.>* This satisfactory sagittal relation is
followed by a facial growth with a predominant vertical
component, due to mandibular structural morphol-
ogy, facilitating clockwise rotation, regardless previous
therapeutic approaches."'** The Long Facial Pattern,
vertical discrepancy visible in front and profile® assess-
ments, is an average prevalence deformity. In a recent
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Figure 11 - Distribution of different patterns in the profile aspect.

study," the prevalence was of 14.06% for Brazilians, be-
tween 12 and 15 years old, from this group, 0.68% have a
deformity severe enough to justify the indication for an
orthodontic surgical treatment. In this study, the fron-
tal and profile evaluations had balanced results (18 and
17% respectively), similar to literature. !+

The Short Facial Pattern, due to the low prevalence
in the general population, has a negative vertical dis-
crepancy, not being found in the sample used, prob-
ably due to the predominance of vertical growth in
individuals with cleft palate.

CONCLUSION

This study found the prevalence of different Pat-
terns for individuals with cleft palate by qualitative
morphological facial analysis, suggesting that:

e The prevalence of several Patterns for patients
with cleft palate was similar to the one of indi-
viduals without cleft;

* Regarding the esthetic point of view, the distri-
bution in the frontal aspect was very positive,
since Pattern I individuals prevailed;

e Analyzing the profile, the anteroposterior dys-
plasias were expressed in essence, increasing
significantly their participation;

e The Long Facial Pattern, presenting a vertical
discrepancy visible in the frontal and profile
assessments, maintained balanced in both
evaluations.

e The Short Facial Pattern was not found in the
sample used, which is probably related to the
low prevalence in the general population.
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Conservative treatment of a Class | malocclusion with
12 mm overjet, overbite and severe mandibular crowding

Marcos Alan Vieira Bittencourt!, Arthur Costa Rodrigues Farias?, Marcelo de Castellucci e Barbosa®

Introduction: A female patient aged 12 years and 2 months had molars and canines in Class II relationship, severe
overjet (12 mm), deep overbite (100%), excessive retroclination and extrusion of the lower incisors, upper incisor
proclination, with mild midline diastema. Both dental arches appeared constricted and a lower arch discrepancy of
less than -6.5 mm. Facially, she had a significant upper incisors display at rest, interposition and eversion of the lower
lip, acute nasolabial angle and convex profile.

Objective: To report a clinical case consisting of Angle Class I malocclusion with deep overbite and overjet in ad-
dition to severe crowding treated with a conservative approach.

Methods: Treatment consisted of slight retraction of the upper incisors and intrusion and protrusion of the lower
incisors until all crowding was eliminated.

Results: Adequate overbite and overjet were achieved while maintaining the Angle Class I canine and molar re-
lationships and coincident midlines. The facial features were improved, with the emergence of a slightly convex
profile and lip competence, achieved through a slight retraction of the upper lip and protrusion of the lower lip,
while improving the nasolabial and mentolabial sulcus.

Conclusions: This conservative approach with no extractions proved effective and resulted in a significant im-
provement of the occlusal relationship as well as in the patient’s dental and facial aesthetics.

Keywords: Malocclusion. Angle Class I Malocclusion. Comprehensive Orthodontics.
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INTRODUCTION

Orthodontic treatment options to tackle negative
discrepancy cases — with or without extractions —
have always been controversial.'s

Crowding usually affects the anterior region and,
less frequently, the posterior region, often manifest-
ingitself during puberty. It has a multifactorial etiolo-
gy and may be linked to a decreased arch length, occlu-
sion maturation, mesial force vector, muscle balance,
morphology, tooth loss and retention."”

Crowding can be corrected without dental extrac-
tions by distalization of posterior teeth, projection of
anterior teeth, arch expansion and selective stripping,
or with tooth extractions, usually premolars. The posi-
tion of the teeth in space, their movement, and the sta-
bility of the final result, in addition to facial aesthetics,
are important conditions that must be considered in
treatment planning.

Malocclusions characterized by crowding and se-
vere overjet can interfere with social relations since
facial aesthetics is regarded as a determining factor in
society’s as well as the individual’s perceptions of them-
selves. Moreover, dissatisfaction with one’s appearance
is the main reason why people seek orthodontic treat-
ment.® In this context, the severity of anterior crowding
is probably one of the most important elements in the
development of a treatment strategy. The approach can
vary, however, depending on malocclusion severity and
the orthodontist’s technical-scientific knowledge.

It is a known fact that depending on how treat-
ment is planned and carried out different responses
can be induced in the soft tissues. Positive and nega-
tive correlations between incisor positioning and the
lips have been found by several authors, 2'**2 who re-
ported that variables such as lip morphology, type of
treatment (with or without extraction), gender and
age are responsible for individual differences in soft
tissue response.

This article aimed to report a case of an adolescent
patient with Angle Class I malocclusion, Class IT skel-
etal pattern with 12 mm overjet, 100% overbite and se-
vere crowding in the premolar region, treated without
extractions.

CLINICAL CASE REPORT

Female patient of mixed ethnicity, aged 12 years
and 2 months, sought orthodontic treatment at the
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Professor José Edimo Soares Martins Center for Or-
thodontics and Facial Orthopedics, School of Den-
tistry, Federal University of Bahia, Brazil, with the
chief aesthetic complaint of pronounced overjet and
severe crowding,.

She was in good general health. Extraoral analy-
sis disclosed a dolichocephalic, symmetrical facial
pattern, with balanced facial thirds, convex profile,
proportional nose, lower lip interposition habit, na-
solabial angle close to 90° and shallow mentolabial
sulcus. When smiling, she displayed a wide buccal
corridor (Figs 1A, Band C).

Intraoral examinationrevealed an elliptical upper
arch and square lower arch with considerable crowd-
ing in the premolar region, deep curve of Spee and
upright mandibular incisors, forming a rather shal-
low mentolabial sulcus due to insufficient protrusion
of the lower lip. The patient presented with Angle
Class I malocclusion, with a slight midline deviation
to the right, 12 mm overjet and 100% overbite. The
arch length discrepancy was less than -6.5 mm (Figs
1D-H). She had healthy periodontal tissues, main-
tained regular oral hygiene and had a slight biofilm
accumulation in the cervical thirds of the regions af-
fected by crowding.

The panoramic and periapical radiographs showed
the presence of all permanent teeth, including im-
pacted third molars (Fig 2). The lateral cephalogram
can be seen in Figure 3. In the cephalometric analysis,
an ANB angle of 5° underscored her Class II skeletal
pattern, confirmed by analysis of Wits, with a 3 mm
maxillomandibular discrepancy. The lower incisors
appeared upright in their apical base, and the upper
incisors proclined and protruded (1.NA = 32°, 1-NA =
9 mm, 1.NB =179, 1-NB = 3 mm, IMPA = 85°). Bolton
analysis indicated anterior and total tooth sizes within
normal limits. Examination of hand and wrist radio-
graphs revealed that pubertal growth spurt was nearly
atits peak (Fig 4).

Treatment goals

The treatment goals were as follows: 1) Ensure
proper oral hygiene, 2) improve the skeletal rela-
tionship between maxillary and mandibular basal
bones, 3) preserve the normal occlusion, 4) establish
a normal canine occlusion, 5) correct the upper mid-
line deviation; 6) improve the form of the upper and
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Figure 2 - Pretreatment panoramic and periapical radiographs.
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Figure 3 - Pretreatment lateral cephalometric radiographs and cephalometric tracing.

lower arches as well as interarch coordination, 7) ad-
just overbite and overjet at a proper level, 8) eliminate
the lower negative discrepancy, 9) restore normal
masticatory function with a mutually protected occlu-
sion, 10 ) enable lip competence, 11) achieve satisfac-
tory facial aesthetics, improving the profile.

Planning

An important point to consider in the treatment
plan is that the facial profile could be severely af-
fected if the option to extract four premolars had
been made, which at first seemed to be the wisest
choice. However, the patient had a nasolabial angle
0f90° and a shallow mentolabial sulcus, which could
be worsened by the extractions. After careful study,
a diagnostic simulation was carried out (orthodon-
tic setup) without extractions as a guide to planning
and to help envisage, as closely as possible, the final
treatment outcome.

Based on the data, it was decided that the most
suitable option would be to perform orthodontic
treatment without extractions, with intrusion and
protrusion of the anterior mandibular teeth and arch
form adjustment.

Treatment progress

Treatment was initiated by instructing the pa-
tient on proper oral hygiene. A 0.022 x 0.028-in fixed
Standard Edgewise appliance was placed on the up-
per arch. Thereafter, the upper arch was aligned and
leveled with a 0.014-in Multiloop CrNi archwire and,
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Figure 4 - Pretreatment hand-wrist radiograph.

subsequently, a sequence of round 0.016-in, 0.018-in
and 0.020-in CrNi wires with omega loop at a dis-
tance of 0.5 mm from the molar tube to tie-back arch-
wire. In the retraction phase, a combined headgear
(850 g of force) was used for anchorage purpose. The
case was finished with 0.019 x 0.025-in CrNi archwire
with ideal bends and torques.

Lingual arch was bonded to the mandibular arch
and accessories inserted only on the first molars and
incisors. Segmental alignment and leveling was per-
formed on these teeth using a sequence of 0.014-in,
0.016-in, 0.018-in and 0.020-in CrNi wires, and sub-
sequently, intrusion was achieved with Ricketts util-
ity arch (RUA) (CrNi 0.019 x 0.025-in). Class II elas-
tics were then used to prevent the RUA from induc-
ing tip-back in the molars, which would yield greater
anteroinferior protrusion (Figs 5A-D). After an ad-
equate intrusion was achieved, an archwire with an
omega loop beyond the molar tube was placed (in-
creased length), thereby engaging the lower incisor
protrusion, which was enhanced due to the place-
ment of a labial arch tied to the anterior mandibular
arch with steel ligatures (Figs 5E-H).

After ensuring an adequate protrusion in the lower
incisors, space was created to align the canines and
premolars, which were bonded and aligned with Mul-
tiloop 0.016-in CrNiwire. In view of improved overbite
and overjet, alignment and leveling were continued
in the lower arch using 0.018-in and 0.020-in straight
wires. The case was finished using 0.019 x 0.025-in
archwires with ideal bends and torques (Fig 6).

Dental Press J Orthod. 2012 Sept-Oct;17(5):43-52



Bittencourt MAV, Farias ACR, Castellucci e Barbosa M

Figure 5 - Treatment progress: A) Alignment
and leveling of the upper dental arch with Mul-
tiloop archwires; B) intrusion of lower incisors
with Ricketts utility arch; C, D) use of Class Il
mechanics with orthodontic elastics, enhanc-
ing the anterior inferior protrusion and control-
ling molar inclination; E-H) labial archwire as
an aid in lower protrusion.

Figure 6 - Finishing phase. Rectangular 0.019 x 0.025-in CrNi archwires with ideal bends and torques.
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RESULTS

At the end of treatment, a proper dental relation-
ship was attained with normal molar and canine oc-
clusions. The final photographs show considerable
improvement in facial aesthetics. Facial features
were improved, yielding a slightly convex profile
with lip competence achieved through a slight re-
traction of the upper lip and lower lip protrusion
while improving the nasolabial and mentolabial sul-
cus. The final evaluation of the dental arches showed
that the lower negative discrepancy had been elimi-
nated, normal overbite and overjet were achieved
and the midline corrected. No impact was detected in
either the stomatognathic function or the excursive

movements of the mandible. The periodontal tissue
remained healthy and the temporomandibular joint
(TMJ) function remained normal throughout the
treatment period (Fig 7).

After removal of the fixed appliance, alower lingual
retainer was bonded across from tooth 33 to tooth 43,
with the recommendation that it be kept in place in-
definitely. In the upper arch, a removable wraparound
retainer with passive anterior stop was placed and the
patient was instructed to wear it 24/7 in the first few
months, then eventually remove it at mealtime and for
oral hygiene (Fig 8). The patient was seen at regular
3-month intervals to assess the stability of the occlu-
sion and monitor the upper retainer.

Figure 7 - Finished case. Posttreatment facial and intraoral photographs.

© 2012 Dental Press Journal of Orthodontics
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Figure 8 - Finished case. Intraoral photographs showing the upper wrap-
around retainer.

As can be observed in Figure 9, there was no sig-
nificant root resorption, whereas some apical round-
ing can be seen in teeth 12 and 22. The posttreat-
ment lateral cephalometric X-ray is shown in Figure
10. The total sphenoid/cribriform superimposition
reveals increased vertical growth. In the partial

Figure 9 - A) Panoramic radiograph of finished case, and B) posttreat-
ment periapical radiographs.

superimpositions one cannotice the lower incisor pro-
trusion, retroclination of the lower incisors, posterior
alveolar growth, as suggested by a slight molar extru-
sion (Fig 11). Figure 12 depicts how occlusion stability
and facial aesthetics were successfully maintained af-
ter 1year and 3 months with the retainer in place.

Figure 10 - Post-treatment lateral cephalomet-
ric radiograph and cephalometric tracing.
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Figure 11 - Total and partial superimposi-
tions of maxillary and mandibular initial and
final cephalometric tracings.

Figure 12 - Facial and intraoral photographs after 1year and 3 months retention.
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The decision to treat this patient conservatively
yielded excellent results. Any extraction could have
caused undesirable dental retraction, thereby lessen-
ing the likelihood of improving facial aesthetics. More
importantly, the treatment fulfilled the patient’s actu-
al needs while also meeting her parents’ expectations.
Besides, it satisfied the professionals who treated her.

DISCUSSION

Inanideal female profile, the lips should be slightly
everted towards their base, displaying several milli-
meters of vermilion border, and the upper lip should
be positioned slightly anterior to the lower lip. The
mentolabial sulcus must form an S-shaped curve in
both the upper and lower portions. Furthermore, chin
prominence should be slightly smaller than lower lip
prominence.” In this patient, all these characteristics
were adversely affected by increased overjet and lower
lip interposition, which was adequately resolved by
the treatment performed.

In this case, a combined headgear was used as an-
chorage for upper retraction, and also to control the
vertical dimension. The latter was important because
in dolichocephalic patients who present with deep
overbite, despite a vertical skeletal pattern, reverse
lower curve of Spee and an increased upper curve of
Spee can lead to extrusion of posterior teeth, with con-
sequent clockwise mandibular rotation, which might
worsen the overjet.®*#

In most clinical conditions, according to studies
by Little et al,> Shapiro,'”® and Thilander, expand-
ing the intercanine width may lead to a condition
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of instability and quick relapse. However, in cases
with anteroposterior balance of the basal bones and
incompatible arch forms, where there is either col-
lapse or retention of the lower arch, especially in the
anterior region, one might question this assertion.
One such example is the case presented in this study,
characterized by lower negative discrepancy and re-
duced intercanine width. In this situation, one can
perform not simply an expansion of the dental arch-
es, but this distance can be corrected by adjusting the
torques and tips in the lower teeth while adjusting
the arch forms.

In the posttreatment phase, there was a 0.9 mm
increase in intercanine width, and a 1.2 mm increase
in the lower arch. The lower incisors were moved for-
ward by 2 mm and inclined buccally by 6°. Thus, the
crowding was corrected primarily by slightly expand-
ing the anterior segments along with intrusion and
proclination of the mandibular incisors, and slight
retraction of the maxillary incisors. Expansion of the
arches and protrusion of lower incisors no doubt have
limited indication. When carefully planned, however,
great results with lasting stability can be achieved.

CONCLUSIONS

A conservative approach with no extractions
proved effective and resulted in significant improve-
ment in the occlusal relationship as well as in the pa-
tient’s dental and facial aesthetics. The use of light,
controlled forces and suitable torques greatly con-
tributed to proper tooth positioning with minimal
root resorption.
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Orthodontic treatment in adults: Restoring smile esthetics
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Introduction: The search for orthodontic treatment by adult patients is increasing. This demand may be ex-

plained by many reasons, but the most important was the change in the concept of normality, allowing the selection

of simpler and more conservative and consistent therapeutic objectives. This conceptual evolution, combined with

the technological advances allowed an improvement in orthodontic management, making it more effective, fast

and comfortable. The promotion of awareness of the society on the advantages of this treatment and the increase

in esthetic demands, with an increasingly longer and active social, affective and professional life, creates a context

in which the need for Orthodontics is absolutely established for the adult individuals.

Objective: The objective of this article is to report the nuances in diagnosis and orthodontic treatment of an adult

patient, in a different perspective. Within this approach, the objective is to recover the shape, i.e. to establish oc-

clusal conditions that would probably be present if the patient had been assisted at the proper time, namely during

growth and tooth irruption.

Keywords: Orthodontics. Smile esthetics.

INTRODUCTION

The prevalence of malocclusion is certainly
greater in adults. It may be stated that malocclusion
is directly proportional to age, and that its charac-
teristics reflect the good or poor care of all teeth,
since the early deciduous dentition. In Brazil, we
have the first generation with a significant number
of individuals that reach adulthood and begin to age
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with all or nearly all teeth in the mouth. Therefore,
similar to socially developed countries, they start
to present malocclusion characterized by tooth
crowding. Proffit et al® conducted a study based on
an epidemiological survey of NIH to determine the
prevalence of malocclusion and orthodontic treat-
ment need in the American population, which re-
vealed that, in general, 70% of adult patients have
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malocclusions with an objective treatment need, a
value that has been considered a consensus in the
literature. Individuals with tooth crowding equal to
or smaller than 3.5 mm and alterations in molar re-
lationship that did not cause significant changes in
esthetics and occlusion were considered as normal.
That is to say, these individuals would not have an
objective treatment need, yet this does not rule out
the subjective need which is increasingly significant
in the Western population, including our country.

The number of adult patients searching for orth-
odontic treatment has been increasingly greater.
American data from the early 1990s” demonstrate
that the percentage of adult patients in specialized
orthodontic clinics was 30% and this percentage
was expected to increase until the end of the de-
cade. This was clearly confirmed.

This increased demand is a consequence of four
factors: The first is the use of preventive measures
in Dentistry, allowing the patient to reach adulthood
with a greater number of teeth in the mouth; the sec-
ond is the increased esthetic demand of society; the
third comprises greater access to information by the
population, which promotes the awareness among
adults that orthodontic treatment is an accessible re-
source to enhance the appearance of teeth and even
the face; and the fourth factor is the modernization
of more esthetic and comfortable orthodontic appli-
ances.? However, the most important factor was the
change in the concept of normality for adults. This
changed the therapeutic goals, contributing especial-
ly to reduce the treatment time, which is the greatest
factor of resistance to treatment among adults.

Adult orthodontic patients may or not differ from
adolescent orthodontic patients, depending on the
severity of malocclusion, quantity of restorations,
previous trauma or abrasion of teeth, susceptibil-
ity to periodontal disease, temporomandibular dis-
orders and history of dental caries. One of the main
advantages in the treatment of adults is the several
years of dental history to be considered, allowing a
better understanding on the meaning of occlusal al-
terations observed and their potential as a problem.®

The orthodontic treatment in growing individuals
nearly always aim to achieve the six keys to normal oc-
clusion of Andrews' and the best esthetics possible. In
adult patients, this goal should not be an obligation.
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Many adults lived many years with a malocclu-
sion without recognizing these deviations from
normality as a problem. The patient may simply
need to have the teeth aligned, spaces opened for
restorations or replace missing teeth, dental arch-
es leveled to improve the overbite, erupted teeth
to solve periodontal problems or upright teeth for
future restorations. In these cases, a dental Angle
Class I relationship or other parameters considered
as ideal may not be necessary. This is especially true
if the patient does not have temporomandibular
disorders, periodontal problems or tooth abrasions®
or, in other words, has a functional occlusion.

Within this concept applied realistically,® this
paper introduces one of the treatment modalities
indicated for adults. Restoring the occlusion, re-
specting the individual characteristics of normal-
ity and assigning the dental relationships the con-
ditions they would probably have if the eruption
and growth circumstances had allowed. We call this
a shape recovery, or the attempt to restore to the
patient the occlusion he or she would have if ideal
conditions had been allowed. Therefore, this refer-
ence or model is absolutely individual and allows
treatment with well-defined goals, usually viable,
conservative, faster and especially potentially sta-
ble because of the little speculation. This concept
is specifically applied to the treatment of the lower
dental arch in the presented case. In the upper arch,
extractions were necessary, justified to attend the
patient’s expectations, but this did increase case
complexity, interfering, mostly, with treatment
time. Anyway, using the restored lower arch as a pa-
rameter to establish occlusal relations, probably the
essence of what is being proposed for the treatment
with shape recovery, was preserved.

CASE REPORT
Diagnosis

Adult male patient aged 36 years and 6 months,
Caucasian, attended the specialization orthodontic
clinic at PROFIS - HRAC-USP/Bauru with chief com-
plaint about the esthetics of occlusion.

The initial consultation comprised clinical eval-
uation of the face and intraoral clinical examina-
tion. The subjective facial analysis® in frontal view
revealed proportion between the upper, medium

Dental Press J Orthod. 2012 Sept-Oct;17(5):53-63
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and lower facial thirds, symmetry, good zygomatic
projection and passive lip sealing. The profile anal-
ysis evidenced open nasolabial angle, acceptable
mentolabial sulcus and Q-P line, confirming the ac-
ceptable diagnosis of a Pattern I face.

Parameters as passive lip sealing and lip rela-
tionship with the nose and chin are directly related
to esthetics and are fundamental in the diagnosis
of patients that will be indicated for compensatory
and/or corrective treatment.® The patient present-
ed an acceptable face, yet impaired in the profile
analysis by the moderate retrusion of the upper lip

(open nasolabial angle). The use of a moustache
masks the clinical visualization of this detail (Fig1).

The intraoral evaluation demonstrated Class II
relationship (Fig 2), probable agenesis of tooth #12,
considering that the patient reported no history of
extraction, tooth #22 presented shape alteration
(microdontia), early loss of teeth #36 and 46 and
missing teeth #16 and 48. The maxillary midline de-
viation of 3 mm to the right side, one of the patient’s
chief complaints, was noticeable, because the pa-
tient presented the three alterations that the max-
illary midline should not have: Deviation of dental

Figure 1 - Initial facial photographs reveal a dolichofacial Pattern | patient with acceptable face.

Figure 2 - Initial intraoral photographs. Ob-
serve the Class |l sagittal relationship, maxil-
lary midline deviation and flattening of the
makxillary arch on the right side.

© 2012 Dental Press Journal of Orthodontics
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midline in relation to the facial midline, loss of per-
pendicular line between the mesial interincisal sur-
faces of central incisors and the occlusal plane, and
flattening of the arch at the side of deviation. Also,
the maxillary arch was atresic and the mandibular
arch was compensated (Fig 2).

After consultation, the patient was referred for
orthodontic records to complement the initial ex-
aminations and allow the diagnosis, prognosis and
treatment planning.

Analysis of these records confirmed all clinical
findings of initial evaluation. Morphological analy-
sis of the lateral cephalogram?® exhibited character-
istics of normality for Pattern I, dolichofacial. The
aspect was harmonious, with adequate soft tissue
profile, passive lip sealing, proportion of medium
and lower facial thirds, proportion of components
of the lower third, and nasolabial angle with mod-
erate opening, which impaired the lack of convex-
ity. Skeletal analysis evidenced horizontal planes
slightly divergent from each other. The maxillo-
mandibular relationship was good both in verti-
cal and anteroposterior directions, the overjet and
overbite were borderline due to the missing maxil-
lary teeth, interfering with the position of maxillary
incisors, which were retroclined in the basal bone.
The roots of mandibular incisors were closer to the
lingual than to the buccal cortical plate, sufficient
to adequately support these teeth. The root apices
of maxillary molars were at a normal distance from

Figure 3 - Lateral cephalogram.

© 2012 Dental Press Journal of Orthodontics

the palatal plane, an important data to establish the
normality of a dolichofacial individual® (Fig 3).

Evaluation of the panoramic radiograph con-
firmed agenesis of tooth #12 and absence of teeth #16,
36, 38, 46 and 48. The maxillary left first premolar
had endodontic treatment and vertical bone loss was
observed on the mesial aspect of tooth #37 (Fig 4).

Analysis of dental casts confirmed the bilateral
Class IT molar relationship (Fig 5) and the occlusal
analysis evidenced the relative retrusion of the max-
illary arch, with flattening on the right side (Fig 6A).

The prognosis was defined as good for corrective
orthodontic treatment (COT),® aiming to restore
the dental arch shape.

Treatment planning

Considering that the patient’s complaint was ex-
clusively dental esthetics, treatment was proposed
with the primary goal to achieve better smile esthet-
ics, i.e. a multidisciplinary treatment.’ Spear et al’
described that, in treatment planning, the sequence
of procedures aiming at maintaining the biological
structure and for esthetic purposes is fundamental
for the final esthetic outcome.

The planning comprised extraction of tooth #24
to correct the maxillary midline with the face, allow-
ing compensation of two missing teeth on the right
side: Agenesis of tooth #12 and early extraction of
tooth #16. This procedure would allow repositioning
the teeth that migrated due to the spaces available.

Figure 4 - Panoramic radiograph. Observe the absence of teeth #12, 16, 36, 38, 46 and 48.
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Figure 6 - Occlusal photographs of maxillary and mandibular dental casts. A) Observe the maxillary
midline deviation to the right side due to agenesis of tooth #12, causing flattening of the maxillary

Figure 7 - Choice of the Individual Anatomic
Objective Diagram.

arch on the right side. B) In the mandibular arch, observe the spaces left by missing teeth and rota-

tion of tooth #45.

Teeth on the left side, that invaded the midline
when migrating to the right side, would be returned
to their original positions, and teeth on the right
side, that migrated distally, might be repositioned
according to the midline, allowing space to replace
tooth #12 using an implant. In other words, the
maxillary arch shape would be recovered allowing
conditions for a better symmetry. The potential
stability of this approach is reinforced by the little
speculation, since the approach adopted comprised
deconstruction of the malocclusion, considering as
the base for creation the agenesis of tooth #12, early
extraction of tooth #16 and related disorders. From
this perspective, planning defined the achievement
of space to replace tooth #12 using an implant and
reshaping the tooth #22.
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In the mandibular arch, the goal was to main-
tain space between tooth #35 and 37 for implant
placement at the region of tooth #36 and achieve-
ment of space between teeth #44 and 45 for place-
ment of an implant with a mandibular third pre-
molar between them. The advantage of this pro-
cedure, namely the achievement of space between
two teeth for implant placement in this created
space, is the new bone between them to provide
an area with better tissue quality to receive an im-
plant (Fig 8). The planning for implant positioning
was evaluated and approved by the implantologist
after planning and before treatment.

Selection of the ideal diagram for the patient is
fundamental at this stage, because the treatment
goals should be considered and incorporated in
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the dental arch shape. This means that the level-
ing archwires will include the goal manifested in
treatment planning®.

The shape of maxillary and mandibular level-
ing archwires followed the individual objective
anatomic diagram (IOAD) C4A6.°5 Selection of the
diagram in young patients or submitted to conven-
tional orthodontic treatment is always based on the
mandibular arch. This is not arule for the treatment
of adult patients, in which specific and localized
goals may be defined. In this case, the diagram is se-
lected according to the dental arch or arch segment
selected as reference. In the present case the man-
dibular arch could be taken as reference because
the treatment had very conventional goals, without
the objective to introduce significant changes in the
contour of this dental arch. The anterior curvature
should adjust to the original intercanine distance if
adequate, otherwise it should be defined by the es-
tablished therapeutic goal. In this case the interca-
nine distance was followed, as well as the original
position of mandibular incisors, which was similar
to the desired (to avoid protrusion). The posterior
opening of the dental arch should adjust to the Wala
ridge or the desirable intermolar width at treatment
completion.® In this case, we intended to maintain
the intermolar distance and thus the selected dia-
gram should be passive in the tubes of mandibular
molars. In summary, the therapeutic goal was to
maintain the mandibular arch width (Fig 7), char-
acterizing a situation in which the treatment objec-
tive is superimposed to the anatomical character-
istics of normality and determines the parameters
of choice for the posterior opening of the diagram,
which may be coincident or not with the diagram
that would be determined by the other perspec-
tive. As always, when this routine is followed, the
maxillary arch should have the same shape, magni-
fied following the classical orientation for the use
of straight wire brackets. Therefore, the maxillary
arch will always be coordinated with the mandibu-
lar arch and will be handled on the selected dia-
gram throughout the leveling stage. Changes may
be introduced, and as in the present case they are
always introduced when the diagram arch shape is
unable to introduce changes as desired. Therefore,
only when absolutely necessary and with minimum
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speculation on treatment, as previously described,
it aims to restore the arch shape and occlusion that
the patient should have.

In summary, the objective of the planed thera-
peutic approach (Fig 8) was to recover the shape
and space in the maxillary and mandibular arches,
restoring the occlusal stability and providing better
esthetic quality to the maxillary anterior region.

Initially, a transpalatal bar (TPB) was placed
as anchorage unit. Bonding of maxillary teeth was
made using Capelozza brackets prescription 1,* with
individualized angulation of 0° on tooth #11, aiming
to avoid distal angulation of the root, maintaining
the area for implant placement to replace the tooth
#12. Extraction of tooth #24 was requested fol-
lowed by maxillary leveling with initial retraction of
tooth #23 from the first leveling archwire. Retrac-
tion of this tooth was very slow because the patient
exhibited alveolitis after extraction of tooth #24,
with consequent delay in healing of the area (Fig9).

The mandibular appliance was placed when the
maxillary arch presented a more adequate shape.
Banding of teeth #37 and 47 and direct bonding of
the other mandibular teeth with Capelozza brackets
prescription I* was made, with onset of mandibular
leveling with 0.016-in nickel titanium archwire.
Space was gained between teeth #44 and 45 using
an active open coil maintained between these teeth
during leveling. This movement provides new bone
in the area that will receive the implant.

The treatment was continued with the planned
intra-arch mechanics for the maxillary and man-
dibular arches, with follow-up at every three weeks,
with active intervention in one dental arch and only
revision in the other, which allowed adequate con-
trol of occurrence and actual activation of the appli-
ance at longer intervals. This is important in adult
patients, whose remodeling and consequent treat-
ment response are supposedly slower.

The maxillary leveling was continued using an
open coil between teeth #11 and 13, distalization of
tooth #23 and enhancement of correction of the max-
illary midline deviation using a midline bend in the
0.018-in archwire. This bend is a transgression to the
arch shape established by the previously selected dia-
gram, and is adopted because the conventional shape
of the leveling archwire is not transferred to the dental
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Figure 9 - After placement of TPB tooth #24
was indicated for extraction, after which selec-
tive bracket bonding was performed (tooth #11
with 0° of angulation). Maxillary leveling was
initiated with nickel titanium 0.016-in archwire

and initial retraction of tooth #23 with an ac-
tive lace back.

..

Figure 10 - Sequence of fabrication of midline bend in the maxillary 0.018-in stainless steel archwire.

arch. This bend was made in the midline of the maxil- effectis desired, namely the anterior teeth on the right
lary leveling archwire (0.018-in round stainless steel), side in the present case. This way, it is intended to can-
determined from the facial midline, to enlarge the cel the transverse effect of the bend, allowing buccal
flattened arch side (right side) and aid the correction movement of the target region, in this case the anteri-
of one defect that emphasizes the dental midline de- or teeth on the right side. The greatest distance of the
viation. The leveling archwire is initially contouredon  archwire at the bend region to the diagram should be 3
the diagram; an omega is then introduced close to the mm. This distance in the 0.018-in round stainless steel

molar tube on the correct side (in this case, mesial as- archwire generates a force that has been clinically ef-
pect of tooth #26). The point corresponding to the fa- fective to produce movement, without negative bio-
cial midline is marked in the leveling archwire and the logical response. In summary, with this contour and
midline bend is made for transverse action (Fig 10B). the omega tied to the molar tube on the opposite side,

The archwire portion that deviates from the diagram the archwire segment contained in the midline bend
should involve only the teeth in which a protrusive (segment outside the diagram) is compressed inside
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Figure 11 - A, B, C) Maxillary 0.018-in stain-
less steel archwire with midline bend and tight
omega on the left side. Observe the onset of
separation between teeth #11 and 13 using an
open coil and continuation of distalization of
the maxillary left canine. D) The mandibular
appliance was placed three months after onset
of maxillary leveling.

Figure 12 - Maxillary 0.018-in stainless steel
archwire with maintenance of present bends
and extrusion of tooth #13. Space opening was
initiated between teeth #44 and 45 using an
open coil.

Figure 13 - Placement of a pontic tooth at the
region of tooth #12 to provide esthetics and
placement of open coil between teeth #22
and 23 to aid the distalization of tooth #23.
Observe the space created between teeth
#44 and 45 and enhanced configuration of the
maxillary arch.
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Figure 14 - Maxillary 0.018-in stainless steel
archwire with the same bends as the previous
and loop on the mesial aspect of canines for
maxillary anterior retraction. The goal was to
enhance the overjet. In the mandibular arch,
leveling with 0.018-in stainless steel archwire
was nearly completed and the space for an im-
plant at the region between teeth #44 and 45
was sufficient.

Figure 15 - Final panoramic radiograph.

the brackets and tied with ligature. The remaining
archwire contained in the midline bend surpasses the
molar tube and the teeth receiving the active arch-
wire receive force in buccal direction. In the present
case, this movement was occasionally potentiated by
the presence of an open coil between teeth #13 and 11.

With creation of a gradually greater space be-
tween teeth #11 and 13, when possible, a pontic
tooth was placed to simulate the maxillary right
lateral incisor and improve the smile esthetics.
Providing this to adult patients is very impor-
tant to enhance the self-esteem and enthusiasm
about the treatment (Fig 13).

Finishing bends were performed and the patient
was referred for the implants, which were placed at
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Figure 16 - Final lateral cephalogram.

the region of tooth #12 and between the teeth #44
and 45 at 15 months of treatment. At the region of the
tooth #36, the patient decided to postpone the im-
plant placement. The mandibular appliance was re-
moved at 19 months after treatment onset and a fixed
3 x 3 retainer was placed with extension to teeth #45
and 47 (Figs 17 and 18).

In the follow-up one year after removal of the ap-
pliance, the positive aspect is achieved by the pres-
ence of a definitive crown on the implant replacing
tooth #12 (Fig 20). Though early, it seems possible to
admit a reasonable stability. The patient is fully satis-
fied with the treatment outcome, which adequately
met his chief complaint, namely to improve the qual-
ity of smile (Fig 21).
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Figure 17 - Intraoral photographs upon remov-
al of the mandibular appliance. Patient with
implants at the region of tooth #12 (with provi-
sional crown) and between teeth #44 and 45.
Completion of distalization of tooth #23.

Figure 18 - Intraoral photographs after removal of maxillary appliance and esthetic restoration of teeth #21 and 22. The patient still has a provisional
crown on the implant at the region of the maxillary right lateral incisor that is esthetically deviating. The maxillary appliance was removed at 20 months
after treatment onset.

Figure 19 - Extraoral photographs after esthetic finalization of treatment, with definitive crown on the implant replacing tooth #12.

© 2012 Dental Press Journal of Orthodontics 62 Dental Press J Orthod. 2012 Sept-Oct;17(5):53-63



Capelozza Filho L, Aranha MFB, Ozawa TO, Cavassan AO

Figure 20 - Arch shape after one year of treat-
ment, with night use of Hawley plate and
maintenance of 3/3 retainer with distal exten-
sion up to the mandibular left second molar,
maintaining space for the implant that was not
yet placed.

Figure 21 - Comparative intraoral photographs at treatment onset and 1-year post-treatment follow-up, evidencing the positive effects on the smile,
which was the patient's chief complaint.

CONCLUSION

The orthodontic treatment in adult patients is
an increasingly frequent reality. A directed and ef-
fective treatment approach is necessary to meet the
expectations of these patients, which are usually re-
lated to the search for enhanced esthetics, reduced
treatment time and minimum discomfort during
utilization of orthodontic appliances.

The present case report demonstrated a con-
sistent mechanics, guided by enhanced objectives,
which are essential and may be achieved rapidly,
providing esthetic quality of smile and potential oc-
clusal stability to the patient.

© 2012 Dental Press Journal of Orthodontics
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Objective: This study evaluated the influence of orthodontic appliances on smile esthetics assessed by lay adoles-
cents, lay adults and orthodontists.

Methods: A facial photograph of a smiling young woman was used under the following conditions: With metal
orthodontic brackets ligated by different elastic ligature colors (green, red and gray), with ceramic bracket brack-
ets (transparent elastic ligature) and without brackets, totaling five 15 x 20 cm pictures. For the photograph as-
sessment, 16 lay adolescents, 16 lay adults and 16 orthodontists were randomly selected. The photographs were
randomly arranged in an album, followed by a visual analog scale (VAS) for the scores registration. Scores in both
evaluations of each group of evaluators (adolescents, adults and orthodontists) were submitted to error analysis by
WILCOXON test and multiple comparison among groups performed by Kruskal - Wallis at 5% significance.

Results: Orthodontists, adults and adolescents agreed in their opinions, although the orthodontists gave lower
scores in their assessments. It could be observed that ceramic brackets were more acceptable concerning the smile

esthetics, whereas the metal brackets received the lowest scores.

Conclusion: Orthodontists, adults and even adolescents seem to prefer esthetic solutions during orthodontic

treatment.

Keywords: Esthetics. Dental. Visual perception. Orthodontic brackets.
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INTRODUCTION

One of the main reasons that motivate patients
to start an orthodontic treatment is the esthetic
factor,® as well as joint dysfunction and improve-
ment of dental health as a whole.* Patients that
look for orthodontic treatment present a more
critical self-perception, both of the face, as well
as the teeth, than those who do not look for treat-
ment. This fact suggests that patients that look for
orthodontic treatment, in general, are more de-
manding about esthetic looks.®

The smile can have an important influence once
that faces with better looking smiles are consid-
ered to be more acceptable esthetically®” and it can
be associated with psychological characteristics.®?

Even considering that beauty is quite subjec-
tive and is associated with many factors, the pro-
fessional has the responsibility to capture the pa-
tients’ desires that is the main goal of treatment.
Once the patient starts an orthodontic treatment
for esthetic reasons, it is consistent to assert that
during the treatment he is also concerned about
his esthetics. The use of orthodontic brackets can
harm the appearance, even if it is temporary.

Long term treatment and non-esthetic appear-
ance of metal brackets are the main reasons for
adult patients declining to start orthodontic treat-
ment*. Facing that, the industry for dental mate-
rials has been looking to offer alternatives so the
treatment becomes more esthetic, developing spe-
cific treatment techniques and technology, such as
lingual orthodontics, transparent aligners, and use
of esthetic brackets.' A recent study concluded
that adult patients would pay more to use alterna-
tive appliances and ceramic brackets, once they
were considered to be more acceptable and attrac-
tive than the metallic conventional ones."

A German survey shows that 97% of the patients
(comprised mainly by females) wishes to have
their malocclusions corrected for esthetic reasons,
but 62% rejected treatment with a visible appli-
ance.'? In Sweden, a survey showed that 67% would
probably wear visible brackets if needed. However,
based on appearance of the brackets alone, 33%
of the adults would be unwilling to wear visible
brackets if needed. The same group additionally
responded that 84% would probably or definitely
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treated with visible brackets during adolescence
if needed."”® These responses suggest a dichotomy
between acceptability of orthodontic appliance for
adolescents and adults.

However, to date no studies have been pub-
lished on the real impact of this kind of orthodon-
tic accessories on smile esthetics perceived by
adolescents in comparison with adults or ortho-
dontists, even with metal brackets, being used in
a larger scale in orthodontic clinics. A previous
investigation'* examining 18 years old youngsters
found that orthodontic appliance attractiveness
varies significantly by the following hierarchy of
appliance types: Alternative appliances > ceramic
appliances > all stainless steel and self-ligating
appliances.* Recently, the impact of orthodontic
brackets on the esthetics of the face when smiling,
with and without premolar extraction was evaluat-
ed by lay adults and orthodontists. This investiga-
tion concluded that metal orthodontic brackets did
not affect facial esthetics. On the other hand, they
found that ceramic brackets were significantly less
pleasant to lays. To orthodontists, ceramic brack-
ets had no negative influence on facial esthetics.
The authors also concluded that perception of lay
adults and orthodontists was different.'

Facing the lack of studies about the impact of
orthodontic brackets on smile esthetics, particu-
larly among adolescents, it is difficult for ortho-
dontists to inform their patients which brackets
to choose based on scientific evidence. This lack of
information also becomes relevant when consid-
ering the high investments done by industries of
dental materials in an effort to develop and com-
mercialize orthodontic brackets more impercep-
tible to human eyes.

MATERIAL AND METHODS

A female volunteer with a pleasant smile was
photographed in the frontal aspect, with a CAN-
ON 30 D 8.0 megapixel camera, with a 100 mm
macro lens in a distance of one meter. The metal
orthodontic brackets (Abzil/3M-Brazil) and the
ceramic ones (Inspire - Ice - ORMCO, California,
- United States) were temporarily bonded (with
easy removal and only to perform the pictures) on
the volunteer’s upper teeth with a cheek retractor
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and no acid etching. Adhesive and Transbond”
XT composite (3M Unitek, California, EUA) were
used and cured for 10 seconds to this sample of
brackets. A stainless steel arch 0.018-in was used
as reference to level bracket position and fixed
with ligatures (Morelli, Sdo Paulo, Brazil). Photos
of volunteer smiling were obtained in three con-
ditions: Without brackets, with ceramic brackets
ligated by transparent elastic ligatures and with
metal brackets ligated by different ligature colors
(green, red and gray).

One of the photographs in which the patient is
smiling was selected as the matrix, which was used
as reference to obtain smile standardization. Close
up photographs were taken with metal and ceram-
ic orthodontic brackets, which were transferred to
the matrix photo, with a digital simulation using
the software Adobe Photoshop CS2.

The teeth and orthodontic bracket images
of the other photos were transferred to the ma-
trix photo in order to maintain the same rela-
tion between lips and teeth in the smile and the
same head positioning at all result photos, so that
the only difference between the simulated pho-
tos was the orthodontic brackets.

The photos were: A matrix photograph (Fig 1)
and four manipulated photographs with images of
allkinds ofbrackets and elasticligature used (Fig 2).

Color prints with picture quality in size
15 x 20 cm were obtained and randomly grouped in
an album. The evaluators were randomly selected
and distributed in the following groups: 16 adoles-
cents between 13 and 17 years old (8 males and 8 fe-
males), 16 graduate adults between 25 and 50 years
old (8 males and 8 females) and 16 orthodontists,
aged 26-48 years old (8 males and 8 females).

Each evaluator received an album with five
photos, an instruction sheet and five evaluation
sheets with visual analogue scales (VAS)' with
10 cm each and a sheet to collect data (age, school-
ing level and address). On the left end of the scale
was written “Very unpleasant” and on the right
end “Very pleasant” (Fig 3).

The raters were instructed not to compare the
smiles of the album. They had around 20 seconds
to evaluate each photo. The VAS scale sheet was
fulfilled in the researcher presence, without any

© 2012 Dental Press Journal of Orthodontics

interference. After two weeks a second evaluation
was performed similar to the first one, in order to
evaluate the error of method.

Statistical analysis
Scores in both evaluations of each group (adoles-
cents, adults and orthodontists) were submitted to

VISUAL ANALOGUE SCALE

Photo # ___

Very pleasant

Very unpleasant

Figure 1- Visual Analogue Scale.

Figure 2 - Smile without brackets (NB).
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Figure 3 - A) Smile with ceramic brackets (CB). B) Metal brackets + gray ligatures (MB + GY). C) Metal brackets + green ligatures (MB + GN). D) Metal brackets
+ red ligatures (MB + R).
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Table 1 - Descriptive data of the scores obtained by VAS.

Standard 95% confidence interval
Treatment L.

Deviation Lower Limit Upper Limit
CB 70.47 21.41 32 62.750 78187
MB+GN 55.81 19.98 32 48.610 63.015
Adolescents MB+R 61.56 14.84 32 56.213 66.912
MB+GY 60.28 17.26 32 54.060 66.503
NB 74.81 12.79 32 70.202 79.423
CB 80.56 13.46 32 75.709 85.416
MB+GN 64.72 21.07 32 57123 72.314
Adults MB+R 65.88 18.38 32 59.247 72.503
MB+GY 66.72 19.24 32 59.782 73.655
NB 78.63 15.01 32 73.214 84.036
CB 70.34 16.30 32 64.468 76.219
MB+GN 50.72 19.21 32 43.793 57.645
Orthodontists MB+R 56.09 17.07 32 49939 62.248
MB+GY 57.06 20.29 32 49.748 64.377
NM 66.50 19.84 32 59.348 73.652

an error analysis using of Wilcoxon signed—rank test. Table 2 - Multiple comparison (Kruskal-Wallis) to the average comparison of

i . the two genders for each combination.
Multiple comparisons among groups were per-

formed using Kruskal-Wallis test. All the statis-
tics were performed using two-tailed distribution
atp > 0.05.

Average Score Treatment

CB MB+GN MB+R MB+GY
Male 74.25° 61.29° 64.08° 62.35° 73.48°
Female 73.33° 52.87° 58.27° 60.35° 73142

* Averages on the columns with different letters are statistically different
RESULTS on the 5% level of significance (p value < 0.05).

Table 1 presents intra-group comparisons. It

can be observed that all groups presented similar
. . . . . Table 3 - Multiple comparison (Kruskal Wallis) between score averages

behaviors, scoring smiles with ceramic brackets as for each group of evaluators.
well as smiles without brackets as more esthetical.

The averages were tested between genders and
presented on table 2. There was no significant dif-
ference between genders, except on the MB+GN
combination (metal bracket+ green ligature),
Whe.re the fern‘ale gender presented a smaller aver- * Averages on the columns with different letters are statistically different
age in comparison to the male evaluators (p < 0.05). on the 5% level of significance (p value < 0.05).

Average score

MB+R
Adolescents ~ 70.47°  55.81° 61.56° 60.28° 74.81°
Adults 80.56" 64.72° 65.88° 66.72° 78.63°
Orthodontists  70.34*  50.722 56.09° 57.06° 66.50°

The intergroup analysis showed that orthodon-
tists presented higher esthetic levels especially to

the combinations MB+R, MB+GN, NB. For the CB °0

and CB+ GY the lay adolescent group showed to 80

be as demanding as orthodontists. The lay adult 70 NS—

group showed to be less demanding than the oth- €0 N——

er groups for all proposed combinations (Table 3, >0 :ﬁj‘:::ce”t

Fig 4), marking higher scores in general. 0 — Orthodontics
Figure 4 illustrates the scores behavior of all zz

groupsofevaluators. Aclearsimilaritywas found on 10

the behavior of the curves, especially differing the o , , , , ,

lay adult’s scores, as well as the best grades for the 8 MeN MbR wEwer B

smile without brackets or with ceramic brackets. Figure 4 - Average scores for the three evaluators groups.
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DISCUSSION

The adult demand for orthodontic treatment
increased, inn most cases for esthetic reasons.*!°
Because of this, it would be reasonable to assume
that patients, especially adults, would not only be
concerned about the esthetics in the end of the
treatment, but also during the whole process. Al-
though this affirmation is confirmed for adults,'*?
no study had been conducted on adolescents’ at-
tractiveness perception when using brackets,
maybe because it is presumed that adolescents are
used to a “metallic smile”.

Our results showed that adolescents recorded
similar scores between the smiles with or with-
out ceramic brackets. On the other hand, smiles
with metal brackets, regardless of the ligature
color used, were considered less pleasant. In fact,
adolescents were more demanding in esthetic
reasons than the adult evaluator group, contra-
dicting the idea that adolescents tend to feel bet-
ter with a “metallic smile”. This can suggest that
the esthetic requirement is very updated, even
in young patients and not only restricted to the
adult public. Maybe this is due to the influence
of the media, the increased number of patients
under orthodontic treatment, or by cultural and
socio-economic aspects.*>!%15

Considering that orthodontic treatment re-
quires time to be accomplished, it would be ac-
ceptable that, even adolescents would choose
brackets that interfere the minimum possible on
their appearance, being discrete or even non per-
ceivable.'® Thus, orthodontists should concern
about the population requests. Although clear
aligners, lingual and ceramic brackets are most
commonly used in adults,’*'® we can expect an in-
creasing demand for these esthetic options among
adolescents.

Itisappropriate to emphasize that metal brack-
ets ligated by green elastomers, which were the
less scored, presented an average of 55.81 mm in
VAS scale by adolescents, 64.72 mm by adults and
50.72 mm by orthodontist (Table 3). Thus, it can be
considered that the metal brackets were not nega-
tively scored (as VAS measurements were above
50 mm), but had a higher impact on the smile es-
thetics than the ceramic brackets. Although it is a

© 2012 Dental Press Journal of Orthodontics

69

value and an appearance question for patients.'"'*
the appliances should be selected on the efficiency
basis. In fact, less attractive appliances are most
commonly used in orthodontic practice.* It was
pointed that ceramic brackets could be less effi-
cient than metallic in terms of fracture resistance
and sliding quality."*'* Furthermore, to date, it was
reported that clear aligners still need improve-
ments to achieve clinical performance compared
to conventional brackets.?*

Although there was homogeneity in respect to
smile esthetics, the orthodontic group showed to
be more demanding for all proposed combinations,
with smaller scores in general. Other perception
studies showed similar judgment behavior between
orthodontists and lay people.'”2°

Many studies have evaluated characteristics
of both dental and facial esthetics, rating photo-
graphic records with a visual analog scale (VAS),
which has been shown to be a valid method of as-
sessing dental attractiveness.'6!141517-2023  Tyq
evaluations with two weeks interval in this study
showed no significant differences in all groups.
When genders of evaluators were compared, me-
tallic brackets with green ligation were the only
significant different measurement found in fe-
male group, who scored less attractive than males.

In this study, evaluators judged photographs
of the whole face and not by limited dental frame-
works of the smile. In this way smiles are evalu-
ated as a part of the whole esthetics of the face. In
photos with guidelines about the smile, there is
overvaluing of certain characteristics of the smile
in question, particularly negative characteris-
tics.?? Despite of different evaluation methods, our
results agree with Rosvall et al' and Ziuchkovski
et al* where both orthodontists and lay people
classified the devices in a hierarchy where the at-
tractiveness decreased with increasing amount of
metal present. In opposite, Berto et al*® found that
lay people prefer metallic brackets than ceramic,
however an extraction site was present in their
photographs, which could affected perception.

It is suitable to say that in the present study all
brackets were temporarily bonded, then photo-
graphed and lately removed. This way, they were
not allowed to pass through the environmental
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conditions caused by time and the actual orth-
odontic treatment, which would be more signifi-
cant, once they could change, mainly on the brack-
et/ transparent ligature, which could affect their
esthetic perception. This fact suggests that more
studies should be conducted with the objective of
evaluating the perception of the esthetic of these
devices, in long-term.
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Photometric analysis applied in determining facial type

Luciana Flaquer Martins', Julio Wilson Vigorito?

Introduction: In orthodontics, determining the facial type is a key element in the prescription of a correct diagno-

sis. In the early days of our specialty, observation and measurement of craniofacial structures were done directly

on the face, in photographs or plaster casts. With the development of radiographic methods, cephalometric analy-

sis replaced the direct facial analysis. Seeking to validate the analysis of facial soft tissues, this work compares two

different methods used to determining the facial types, the anthropometric and the cephalometric methods.

Methods: The sample consisted of sixty-four Brazilian individuals, adults, Caucasian, of both genders, who agreed

to participate in this research. All individuals had lateral cephalograms and facial frontal photographs. The facial

types were determined by the Vert Index (cephalometric) and the Facial Index (photographs).

Results: The agreement analysis (Kappa), made for both types of analysis, found an agreement of 76.5%.

Conclusions: We concluded that the Facial Index can be used as an adjunct to orthodontic diagnosis, or as an al-

ternative method for pre-selection of a sample, avoiding that research subjects have to undergo unnecessary tests.

Keywords: Diagnostic techniques and procedures. Orthodontics. Anthropometry.

INTRODUCTION
For countless generations man observed and mea-
sured the physical characteristics of the human body.»**
During the Renaissance period, Leonardo da Vinci
made a number of studies on the proportions and in-
dexes of the human body, characterizing the anatomi-

» Patients displayed in this article previously approved the use of their facial and in-
traoral photographs.
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cal structures. Among these studies, we can find draw-
ings of different facial types and characteristics, which
even today can be found in our society* (Fig 1).

Angle!, in 1899, noted that for the orthodontist to be
capable to correctly diagnose malocclusions, he should
also be familiar with the normal or ideal occlusion,
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Figure 1 - Drawings of facial features described by da Vinci in the fif-
teenth century.

observe normal facial lines, taking into consideration
the norm, straight profile like that of Apollo Belvedere.

However, in 1907, Angle® noted that the goal
of a straight profile as that of Apollo at the end of
orthodontic treatment was a result unlikely to be
achieved, since there were many different facial pat-
terns in different human groups. Thus, he empha-
sized that the role of the orthodontist was to detect
whether facial structures were in harmony, and that
this should be in accordance with well-positioned
teeth and a balanced occlusion.

The best way to develop the ability to evaluate
faces is to observe them several times. With this prac-
tice the orthodontist develops the ability to determine
the facial characteristics of each subject. Herzberg,*
pointed out that standardized photographs would be
the best method, because only with them it would be
possible to evaluate in detail the measures and pro-
portions, even for those who were still starting in the
practice of facial evaluation.

Montangu® characterized the anthropometry
as a branch of anthropology where individuals are
categorized by measurements made by means of
acquired images (photographs or radiographs) or
directly on soft tissue or bone. Among other mea-
sures, he regarded the proportions of the human
body, he also has described the Facial Index (where
the facial height and width are correlated) which
can characterize three facial types:

» Mesoprosopic (facial height and width in the

same proportion).
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» Euriprosopic (facial width greater than height).

» Leptoprosopic (facial height greater than

width).

When there is a comparison between the reliabil-
ity of photometric and anthropometric methods for
evaluation of facial features, a large share of the mea-
sures and indexes are comparable.® In the comparison
of standardized photographs and photographs taken
with no specific standardization, the Facial, Frontal,
Nasal, Oral, Orbital, Lip and Auricular Indexes were
effective for human identification. Moreover, these
indexes, both in non-standard photographs provided
by patients as in standardized photographs, were able
to positively identify a person.’

It is essential for orthodontic diagnosis and
treatment and facial surgery planning to analyze
the physical characteristics of the human body, with
emphasis on the craniofacial complex, for orth-
odontic studies including measurements of height,
width and angulation of structures, while taking
into consideration the influence of muscles and
geometric configuration of the face.

Cephalometric analysis is of great importance
both for diagnosis and planning of orthodontic treat-
ment. It is also crucial for communication among
professionals. Measures related to the growth di-
rection of the mandible — such as the mandibular
angle, facial angle, facial axis, facial depth, mandibu-
lar plane, mandibular arch height and anterior lower
face — determine the Vert Index, which cephalomet-
rically distinguishes three facial types.®”

» Mesofacial (balanced facial growth).

» Brachyfacial (predominance of horizontal facial

growth).

» Dolichofacial (predominance of vertical facial

growth).

In a first contact with the patient, some facial
features can be observed only visually, such as
asymmetries and facial type, but in a qualitative
way. On this occasion, the most significant features
should be noted, since through them we can see the
facial growth trends,'° and through this preliminary
diagnosis, determine what additional exams will
be needed for a more accurate diagnosis. Once this
records are analyzed and with the initial notes in
hand, the final diagnosis and outline of orthodontic
planning can be performed.
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One of our first impressions of patients’ face shall
give us the impression that they either have a long,
medium or short face, and to confirm it, there are sev-
eral analysis methods such as direct measurement on
the face of patients or in photographs of the propor-
tions between facial height and width, and the radio-
graphic evaluation of craniofacial structures.

Determining the facial type is extremely impor-
tant for orthodontic diagnosis and planning, since
the muscular and skeletal configuration of each facial
types responds differently to the orthodontic treat-
ment, influencing either positively or negatively the
final treatment results.

In orthodontics, the use of anthropometric mea-
surements in the diagnosis has been gradually re-
placed, since it was presumed that the determination
of facial types by means of anthropometric and cepha-
lometric methods was equal. We currently use more
frequently radiographic methods, which maintain a
direct relationship with the craniofacial growth.

But, more than just a base for our planning on the
direction of patient growth, we should also observe
the craniofacial features in a comprehensive way, us-
ing indexes and anthropometric measurements,* al-
lowing for a proper evaluation of both qualitative and
quantitative facial asymmetry and proportion," pro-
viding a more complete analysis of our patient.

In order to encourage the use of anthropometric
analysis in orthodontic diagnosis, as well as to illus-
trate a specific situation for the application of one of
its indexes, this study found a correlation between the
determination of facial analysis through photographs
and measurements by cephalometry.

MATERIAL AND METHODS

The sample consisted of 64 Brazilian individu-
als, 50 females and 14 males, Caucasians, aged be-
tween 18 and 38 years (mean age of 27 years and 9
months), who agreed to participate in this research
and signed an informed consent about the nature
of these studies. This study was approved by the
Sdo Paulo University Ethical Committee (approval
number 131/06).

We chose Ricketts’ Vert Index for the determina-
tion of cephalometric facial type, performed on lat-
eral cephalometric radiographs, digitized by a specif-
ic scanner for radiographic films and measured with
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Radiocef Studio 2 software (Radio Memory Ltda,
Belo Horizonte, Brazil) (Fig 2).
The cephalometric measurements used to deter-
mine Vert Index were:
1. Facial Axis (FA): Angle between the lines Basion-
Nasion and Gnation-Pterygoid.
2. Facial Depth (FD): Angle formed by lines Nasion-
Pogonion and Porion-Orbitale.
3. Lower Anterior Facial Height (LAFH): Angle
formed by lines ANS-Xi and Xi-MP.
4. Mandibular Plane (MP): Angle formed by lines
Porion-Orbitale and Gonial-Menton.
5. Mandibular Arch (MA): Angle formed by lines
Dc-Xi and Xi-MP.
The facial type determined by the Vert Index in
adults is given by the following equation, described by
Gregoret:*

{[(FA-90)/3]+[(FD-90)/3]+[(24,5-MP) /4]+[(47-LAFH) /4) + [(MA-28,5) /4]}/5

And follow the reference bellow:

» Brachyfacial: greater than +0.5.

» Mesofacial: between -0.49 and +0.49.

» Dolichofacial: smaller than -0.5.

The determination of the facial type by the Fa-
cial Index in facial photographs was made with
the subjects facing forward, in standardized pho-
tos taken with individuals in their Natural Head
Position (where the subject are positioned with a
straight back and their arms resting along the trunk
and looking at a fixed point in the center of the lens.
When the operator observed a tilt of the head, this
was corrected'), digitized and also measured with
the program Radiocef Studio 2 (Fig 3).

Figure 2 - Lateral cephalometric radiograph being analyzed in Radiocef
Studio 2 software (configuration: Ricketts cephalometric analysis).
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The distances measured for determining the Fa-
cial Index were:

1) Anterior facial height (N’-Me’): Distance be-
tween the points nasion and chin in soft tissue.

2) Facial width (Zid’- Zie’): Distance between left
and right Zigium points in soft tissue corresponding
to the lateral portion of the zygomatic process.

The facial type determined by the Facial Index is
calculated as follows:

N’-Me’x100 / Zid’ - Zie’

According to the following reference:’

» Brachyfacial: smaller than 80.0 to 84.9%.

» Mesofacial: 85.0 to 89.9%.

» Dolichofacial: 90.0 to 95 % or greater.

After verifying the percentages of occurrences
for each facial type by the photometric method and
by Vert Index, comparisons among the groups were
performed using the Kruskal-Wallis test (done in the
free statistical software Past). The level of significance
in this study was 5%. This test is designed to com-
pare two or more independent samples in relation
to a measurement of interest. Moreover, it is a non-
parametric test, namely, not based on the mean and
standard deviation, but in positions of the individuals
in the sample. We opted for a non-parametric test be-
cause two groups showed a small number of observa-
tions to perform parametric tests.

The Kappa agreement index, which is also a non-
parametric test, was used to check the level of agree-
ment between the determinations of facial types by
the two methods and followed the interpretation de-
scribed next: If the range of agreement is lower than
40%, the result is considered weak; if the value rang-
es between 40% and 75% of agreement, the result is
considered reasonable to good; and if it exceeds 75%,
the correlation is high.

RESULTS

After statistical analysis of collected data, we ob-
tained the results shown in Table 1. In Figure 4, we
can observe the correlation between facial type de-
termination by the photometric (A) and the cephalo-
metric (B) methods.

With these results we can conclude that with a
Kappa index of 76.5% (high level of agreement), ceph-
alometric and photometric methods for determining
facial types are equivalent.
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Figure 3 - Frontal photograph of a patient inserted into the Radiocef Stu-
dio 2 program (Facial Analysis configuration).
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Figure 4 - Correlation between facial type determination by the photo-
metric (A) and cephalometric (B) methods.

Table 1 - Comparison of facial type determination by anthropometric and Vert Index methods.

Ricketts facial type (Vert Index)

Anthropometric

X Dolichofacial Mesofacial Brachyfacial
facial type
n % % %
Dolichofacial 19 29.7 4 6.3 0.0 23 359
Mesofacial 3 47 18 281 0.0 21 32.8
0.765
Brachyfacial 0 0.0 3 47 17 26.6 20 31.3
Total 22 344 25 391 17 26.6 64 100
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DISCUSSION

The evaluation of the facial features are essen-
tial for carrying out a good orthodontic diagno-
sis, since the positioning of the bones and teeth
certainly influence the appearance of soft tis-
SueS.1’2’6’7’10

As facial esthetics is one of the goals to be
achieved at the end of orthodontic treatment, a
good facial analysis, both qualitative'** and quan-
titative!®"! must be observed when defining treat-
ment plan.

Historically, orthodontic studies have been di-
rected to evaluate the radiographic characteristics
of craniofacial hard tissues and found scientific
evidences on how these characteristics could in-
fluence the positioning of the soft tissues and its
influences on facial esthetics®” Among the cepha-
lometric assessments, there is the determination
of the facial type, which is crucial for orthodontic
planning. One way to determine the facial type of
individuals through cephalometric analysis is the
calculation of the Vert Index.®”

Another method to determine the facial type is
calculating the photometric Facial Index.>®' The
photometry is a tool of anthropology where we can
quantify the tangible characteristics of individuals
through photographs.

The advantage of using oriented facial photo-
graphs in orthodontic studies is that, apart from
the initial diagnostic studies, one can compare the
same individual at different times of treatment or of
his/her growth, and to compare different individu-
als and find similar characteristics between them,
qualifying these individuals as a unique group.>!

Since we found hard tissues influencing the po-
sitioning of soft tissues, we are able to deduce from
this result that the facial soft tissues also can mask
bone characteristics.'

The percentage of differences found on the de-
termination of facial types using cephalometric
and photographic analysis is supposedly due to the
fact that there are cephalometric studies of bone
structures in profile views, while in photographs,
we evaluate individuals soft tissues in frontal view.

Based on the aforementioned, it can be con-
cluded that it is important for diagnosis to evalu-
ate both cephalometric and photometric analyses.
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CONCLUSIONS

In this study, we observed that the facial type de-
termination by the photometric method (Facial In-
dex) showed to be reliable when compared to cepha-
lometry (assessed by the Vert Index). However, the
facial photometric analysis should be adjuvant, or
supplemental, and not substitute for the cephalomet-
ric method, since, especially in cases where the values
of Vert are borderline between two facial types, the
soft tissues can mask the bone characteristics.

These results support the current trend to make
a morphological analysis using facial photographs
in orthodontics and facial surgery studies, as an es-
sential ally to obtain accurate diagnosis and satis-
factory results.

Another available possibility is to use facial
photographs, standardized for determination of
the facial type, in the selection of scientific stud-
ies samples by means of a less invasive method for
the patient. This way an extra dose of radiation to
will not be needed to determine whether or not the
subject is eligible to participate in a study involving
data concerning different facial types.
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In vivo color changes of esthetic orthodontic ligatures

Andréia Viana Martins da Silva', Giselle Vasconcelos de Mattos?, Carlos Mario Kato?, David Normando*

Objective: To assess the color changes that occur in four commercial brands of esthetic orthodontic elastomeric
ligatures after exposure to the oral environment.

Methods: The four elastomeric ligatures manufacturers mostly mentioned by orthodontists were investigated:
Morelli, Uniden, American Orthodontics (AO) and TP. The sample comprised 25 patients. The elastomeric liga-
tures were randomly distributed and arranged in the four dental quadrants of each patient, r for 30 days. After this
period, two units of each brand were photographed in a standardized manner. Subsequently, color changes were
visually evaluated and assigned a score (0, 1, 2 or 3) by a panel of four examiners. The mean scores assigned by the
examiners were statistically analyzed by ANOVA and Tukey’s test (p < 0.05).

Results: The mean pigmentation scores assigned to Morelli (1.80 + 0.78) and Uniden (1.92 * 0.66) elastomeric liga-
tures after 30 days in the oral environment were not statistically different. However, these brands were significant-
ly more pigmented after 30 days in the oral environment (p < 0.01) compared to American Orthodontics (0.97 + 0.6)
and TP (0.83 + 0.79).

Conclusions: Although all four brands exhibited an undesirable pigmentation after 30 days in the oral environ-
ment, color change for American Orthodontics and TP Orthodontics ligatures was significantly lower than Morelli

and Uniden products.

Keywords: Elastomeric ligatures. Pigmentation. Visual perception.
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INTRODUCTION

Advances in cosmetic dentistry and the increasing
demand for orthodontic treatment for adult patients
have compelled the industry to release increasingly
esthetic and less conspicuous orthodontic appliances.
Brackets bonded to the lingual surface of the teeth,
clear aligning systems, esthetic brackets made from
polycarbonate, composite, ceramics or sapphire, il-
lustrate some of the products released by the industry
in order to satisfy the esthetic needs of these patients.

Although the quality of these materials is thor-
oughly tested before clinical use, clinical orthodon-
tists have found that some of these products undergo
a number of changes in their properties, especially
changes in color due to staining by food or by contact
with oral fluids. Concerns have been raised about the
quality of these products and whether one particu-
lar company might be superior to another in terms
of efficiency or cost-effectiveness. Many studies have
evaluated the effects of the oral cavity on the elastic
properties of elastomeric ligatures, such as force de-
cay, friction and dimensional changes."” However,
researchers have shown little concern about the be-
havior of orthodontic materials after exposure to the
oral environment, especially the extent to which these
changes interfere with esthetics.

Ceramic brackets have gained increased popular-
ity in orthodontic treatment over the last decades
mainly due to color stability. A frequent complaint of
orthodontists and patients regards color changes in
the elastomeric modules used to tie orthodontic arch-
wires to ceramic brackets.

Prolonged exposure to cola soft drinks is a proven
cause of color changes in restorative composites, while
spices and seasonings can cause extrinsic stains to the
teeth.®? In orthodontics, some laboratory studies have
shown that light-colored elastomeric ligatures show
color changes after immersion in liquids with high
pigmentation capacity.!®" Since these studies were
conducted in vitro, they may not account for numer-
ous other factors present in the oral environment that
could contribute to color changes, such as the oral flo-
ra, the mechanical effect of brushing, solid and semi-
solid foods, which can also stain, among many others.
Thus, it seems quite obvious that an in vivo study can
yield a more realistic analysis of actual color changes
taking place in orthodontic materials after clinical use.
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OBJECTIVE

Analyze color changes in esthetic elastomeric liga-
tures provided by four different manufacturers after
a one-month exposure to the oral environment by a
visual analysis.

MATERIAL AND METHODS

This study evaluated four brands of esthetic orth-
odontic elastomeric ligatures: Morelli - Lot 1268512
(Sorocaba, Brazil), Uniden - Lot 040209-E1-4 (Soro-
caba, Brazil), American Orthodontics - Lot 00182559
(Sheboygan, Wisconsin, USA) and TP - Lot 1419028
(La Porte, Indiana, USA). The elastomeric modules
were used in 25 consecutive patients undergoing
orthodontic treatment in the Specialization Course
in Orthodontics, ABO-Para State, Brazil. These
brands were selected after a survey was conducted
with 100 Brazilian orthodontists via e-mail. Forty-
four dentists (44%) responded to the following ques-
tion: Which elastomeric ligature do you use on es-
thetic brackets? Two respondents reported that they
were not using esthetic brackets. Two Brazilian and
two American manufacturers most cited by the re-
maining 42 orthodontists were utilized. The brands
cited in this research were:

» Morelli (Sorocaba, Sdo Paulo, Brazil): 10.

» Uniden (Sorocaba, Sdo Paulo, Brazil): 2.

» TP (LaPorte, Indiana, USA): 8.

» American Orthodontics (Sheboygan, USA): 11.

» GAC (Bohemia, NY, USA): 6.

» 3M Unitek (St. Paul, Minnesota, USA): 3.

» Orthosource (North Hollywood, USA): 1.

» Tecnident (Porto Alegre, RS, Brazil): 2.

A split-mouth, randomized, triple blind study de-
sign was employed. In each patient, the four brands
were distributed by quadrant in random and ordered
fashion (Fig 1), remaining in the oral environment for
aperiod of 30 days.

The subjects participating in the research were
not on any specific type of diet. After 30 days, the
ligatures were removed from the oral environment,
separated by quadrant, and the brands were identi-
fied by numbers. Two ligatures — used on the anterior
teeth of each quadrant — were selected for analysis.

Forty two photographs (25 original and 17 dupli-
cates) were obtained using a digital camera model
Canon EOS Rebel XTi (Canon, Osaka, Japan) with
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10 megapixels resolution and color depth of 12 bits
(Fig 2). All photographs were taken manually by a
single operator, with 1/6 seconds speed, 22 diaphragm
aperture, ISO 200, without flash, self-timer mode set
to trigger after 10 seconds, images stored in JPEG for-
mat. A Sigma DG 105 mm (Ronkonkoma, NY, USA), 2.8
macro lens was used in an environment with total ab-
sence of daylight, lighted by two 110W halogen lamps,
positioned at a fixed distance of 16 cm from each other,
according to the method described previously."
Thephotographswereevaluatedattwotimes:Before
use (T) and after 30 days in the oral environment (T).
In order to carry out a visual analysis of the elas-
tomeric ligatures, a PowerPoint presentation (Mi-
crosoft, Redmond, WA, USA) was created comprising
25 original photographs and 17 duplicates, randomly
arranged. The images were assessed independently
by a panel of four orthodontists who rated the de-
gree of pigmentation of the elastomeric ligatures in
each quadrant using a numerical scale ranging from
0 (zero) to 3, where 0 was assigned to unpigmented

ligatures, 1 was assigned to slightly pigmented liga-
tures, 2 to moderately pigmented ligatures, and 3 to
heavily pigmented ligatures. All ligatures were ranked
and grouped accordingly. The photographs of the liga-
tures prior to use were presented to a single blinded
examiner to determine the initial score.

Statistical analysis

The data obtained from the reproducibility test
were tested using the Wilcoxon test. The brands were
compared by means of statistical analysis using the
mean scores of the four examiners for each brand, af-
ter assessing the reproducibility of each examiner’s
diagnosis. The data were statistically compared by
ANOVA and Tukey’s test. All statistical analyses were
examined at a significance level of 0.05 (5%).

RESULTS

The reproducibility test failed to reveal any signifi-
cant differences for any of the examiners in the test-
retest analyses (Table 1).

Figure 1- Random, ordered distribution of brands by quadrant. (M = Morelli, U = Uniden, AO = American Orthodontics, TP = TP Orthodontics).

Figure 2 - Photographs of elastomeric liga-
turesat T, (A)and T, (B).

© 2012 Dental Press Journal of Orthodontics
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An analysis of the elastomeric ligatures before inser-
tion in the mouth yielded a zero (0) score for all speci-
mens examined (five in each group). Variance analysis
showed that statistically significant differences were
found between the commercial brands of elastomeric
ligatures examined after 30 days of exposure to the oral
environment (p < 0.0001). Tukey’s test showed that the
Brazilian brands (Morelli and Uniden) were similar, but
significantly more pigmented (Fig 3, Table 2) than the
US brands (American Orthodontics and TP).

DISCUSSION

Changes in the color of orthodontic ligatures have
been performed by in vitro laboratory studies,'*"
whereas the literature reports no in vivo analysis of

Table 1 - P values of reproducibility test (Wilcoxon) for the scores as-
signed by the four examiners using the visual method for Morelli, Uniden,
American Orthodontics (AO) and TP Orthodontics brands.

p value p value p value p value
Brand
Exam. 1 Exam. 2 Exam. 3 Exam. 4
Morelli 0.3173 1 0.3173 1
Uniden 0.593 1 0.3613 0.3173
AO 0.6858 0.6858 0.2367 0.593
TP 1 0.6858 1 1

Table 2 - Descriptive statistics and Tukey's test comparing the commer-
cial brands of elastomeric ligatures examined, F = 14.83, p < 0.0001 (dif-
ferent letters, p < 0.01).

Brand Mean SD Tukey
Morelli 1.80 0.78 A
Uniden 1.92 0.66 A
AO 0.97 0.60 B
TP 0.83 0.79 B
p<001
ns ns

Morelli Uniden AO TP

Figure 3 - Comparison between the examined elastomeric commercial
brands, F =14.83, p < 0.0001.

© 2012 Dental Press Journal of Orthodontics

such color changes. This study, therefore, provides
results that are closer to reality by assessing color
changes in elastomeric ligatures after exposure to the
oral environment.

Assessments of the physical properties of elasto-
meric ligatures have reported significant changes in
the structure and composition of these materials af-
ter exposure to the oral environment."” Variations in
the friction force of elastomeric ligatures of different
brands were observed after immersion in laboratory
solutions in an attempt to reproduce the oral envi-
ronment.® After exposure to the oral environment
for 3 weeks and subsequent analysis by optical mi-
croscopy and spectroscopy, the elastomeric ligatures
exhibited precipitates of calcium and phosphorus
with the formation of calcium phosphate on the sur-
face. A significant change was found in the structure
and composition of the surface of the elastomeric
ligatures after exposure to the oral environment, in-
dicative of the severity of changes that can occur in
the properties of these materials.*

In assessing the color, laboratory investigations
were performed in an attempt to find differences in
the staining of these elastomeric ligatures after im-
mersion in different solutions. In these investigations,
the change in color was measured quantitatively by
means of avisual analog scale'> or computational anal-
yses,'®!! The results indicated that certain substances
stain more than others, such as methylene blue and
red pepper sauce.'*"

Although a visually perceptible color change value
was reported," the equipment used in the research
features considerable optical sensitivity and can be
influenced by luminance and color of the surface on
which the elastomeric ligatures are examined. Fur-
thermore, one cannot determine to what extent color
variations can compromise the visual esthetic pleas-
antness of an elastomeric ligature.

In the present study, a visual comparison between
the four brands examined after 30 days in the oral
environment was conducted by a group of four exam-
iners using scores, disclosing significant differences
between the brands tested (p < 0.01). Brazilian brands
(Morelli and Uniden) had a similar, but poorer perfor-
mance when compared to US brands (American Or-
thodontics and TP) which,also showed similar stain-
ing among each other (Table 2).
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The visual analysis developed in this study al-
lowed a direct comparison of the four most used
brands according to a questionnaire answered by e-
mail prior to the study. The results addressed a very
common issue among orthodontists, that is which
brand ensures for the patient greater esthetic sta-
bility during the period between two orthodontic
maintenance visits. Previous attempts were made to
examine the results with spectrometry (Minolta)™
and through an analysis of photographs with Adobe
Photoshop software version 10.0 (Adobe System Inc.,
San Jose, California, USA)." However, the results
showed a high variability in the test-retest exami-
nation, especially spectrophotometry, due to limi-
tations inherent in the technique, which requires a
relatively large area for color analysis. Additionally,
such analysis can be influenced by the curvature of
elastomeric ligatures, as mentioned previously."

Wide variations in the behavior of elastomeric
ligatures of the same brand were observed in dif-
ferent patients (Fig 1). This may be due to a differ-
ent diet and/or different oral hygiene habits , which
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may have interfered with the degree of pigmentation
exhibited by elastomeric ligatures during the experi-
ment. Studies that correlate diet and elastomeric
pigmentation between experimental groups could be
conducted to determine the types of foods that con-
tribute more significantly to the esthetic degradation
of elastomeric ligatures.

Based on the results, manufacturers of orthodon-
tic materials — Brazilian companies in particular
— should modify manufacturing methodology to en-
hance the stability of light-colored elastomeric liga-
tures used on ceramic brackets. This achievement
would meet the needs of the adult population cur-
rently seeking orthodontic treatment with increasing
esthetic concerns.

CONCLUSIONS
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The ability of orthodontists and laypeople in the perception of
gradual reduction of dentogingival exposure while smiling
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Objective: To assess differences in how orthodontists and laypersons perceive a reduction in dentogingival dis-
play on smiling.

Methods: Sixty examiners from both genders (30 laypersons and 30 orthodontists) evaluated photographs of
spontaneous smiles of two subjects , one male and one female. Based on the original images, smile height was
modified by means of an image manipulation software program. The examiners assigned scores ranging from
0 to 10, according to the level of pleasantness. Method reproducibility was examined using the Wilcoxon test,
while the Friedman and Wilcoxon tests (p < 0.05) were employed to observe intra- and interexaminer differ-
ences, respectively.

Results: No differences were found between the groups of examiners - in terms of esthetics - in response to changes
in smile height of both genders . However,men smile had lower acceptability than the women smile. A mild reduc-

tion in dentogingival display on smiling (2 mm) was not perceived by either laypersons or orthodontists (p > 0.05).

Conclusions: women smiles achieved higher scores than men smiles however, samples involving a larger number

of subjects in each group are required to ensure whether or not this finding is linked to the subjects gender.

Keywords: Esthetic Dentistry. Gingiva. Orthodontics. Smile.
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INTRODUCTION

Concepts underlying face and smile esthetics are
often subjective, based more often on author opinion
than on the scientific method."” Patient self-percep-
tion issues are further compounded by the judgment
of those with whom they interact. Thus, the concepts
of esthetics and beauty are biased by subjectivity and
personal impressions, rendering any analysis or inter-
pretation of smile esthetics a daunting challenge in
orthodontic practice.’

Factors such as culture, socioeconomic status and
age may influence how beauty standards arise. More-
over, ongoing changes in these variables require that
treatments meet the esthetic pluralism inherent in
today’s society.* Many studies have been conducted to
elucidate the factors involved in the attractiveness of
the smile.”" Laypersons seem capable of identifying
the characteristics of an ideal smile. Deviations alert
professionals to avoid unnecessary treatment of mi-
nor discrepancies that are not recognized by the pa-
tient.” Tooth size and visibility as well as upper lip po-
sition have been identified as the most important pre-
dictive variables in determining smile attractiveness.’

Visibility of anterior teeth is determined by the
smile line. This line is considered low when less
than 75% of the crowns of these teeth are exposed,
a condition found in 30% to 70% of men. To be con-
sidered high, a smile must show a strip of gum be-
yond the total length of the crown. High smiles are
found in 70% to 100% of women.° Analysis of the
perception of changes in smile height by increas-
ing dentogingival display demonstrated that ortho-
dontists were able to detect 2 mm increases while

© 2012 Dental Press Journal of Orthodontics

general practitioners and laypersons considered as
unattractive changes of 4 mm or larger."*

Another investigation on the esthetic perception
of 100 subjects divided into two groups consisting of
laypersons and women regarding variations in the
amount of upper and lower gingival display showed
attractiveness dwindles when gingival display is in-
creased during speech and on smiling. The degree
of acceptability reached 1 mm for maxillary gingival
display, and 0 mm for lower incisors. Women found
gingival display more acceptable in both groups while
images of women were assigned lower scores by ex-
aminers of both genders, implying increased need to
achieve better cosmetic results in women.®

Although the literature reports that a perfect smile
line is one that runs at the gingival margin of maxillary
central incisors," and that the smile gradually loses
attractiveness as dentogingival display is increased
(high smile),"*' the esthetic impact caused when den-
togingival display is decreased (smiling below) has not
been evaluated so far.

MATERIAL AND METHODS

Spontaneous front view photographs of aman and
a woman were obtained with a digital camera model
Stylus Tough-6000, Olympus (Orlando, USA). The
photographer stood at a distance of approximately
one meter from the individual (Fig1and 2). The pho-
tos were then adjusted at different levels of bright-
ness, contrast and cropping, and were manipulated
in Adobe Photoshop 7.0 (California, USA) image
processing program. Images of crown exposure were
backward adjusted from O mm to -6 mm exposure in

Figure 1- Masculine spontaneous smile in gin-
gival margin level of: 0 mm (A), reduction of ex-
posure in 2 mm (B),- 4 mm (C) and - 6 mm (D).
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-2 mm steps starting from the gingival margin of the
maxillary central incisors, which was established as a
reference for the smile line [M1].'¢

Photos of the smile in close-up view were print-
ed on 10 x 15 cm photographic paper with an iden-
tification on the back to be examined by 30 ortho-
dontists (duly registered with the Regional Coun-
cil of Dentistry CRO-PA) and 30 laypersons with
college degrees (except dentistry), 15 men and 15
women in each group.

Prior to the analysis, the professionals were asked
to evaluate the smiles, assigning scores ranging from
0 to 10, according to their personal notion of smile
balance. Scores from 0 to 4 were considered estheti-
cally unpleasant, 5 to 7 as esthetically acceptable and
8 to 10, esthetically pleasing. No other type of infor-
mation relevant to the study was given to the exam-
iners. The photographs were randomly arranged and
each photo was analyzed for up to 1 minute. Examin-
ers were not allowed to review them.

Method reproducibility was tested using the
Wilcoxon test based on scores assigned by the ex-
aminers to two duplicate photos - 4 mm reduction
for the women and 2 mm reduction for the men.
These duplicates were randomly displayed along
with the others. Friedman’s analysis of variance was
employed to assess the different scores individu-
ally assigned to the photographs of both genders
by orthodontists and laypersons. Differences in the
assessment performed by the two groups of exam-
iners (orthodontists x laypersons) were examined
using the Wilcoxon test. Statistical analyzes were
performed at 95% confidence level (p < 0.05).
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Figure 2 - Feminine spontaneous smile in gin-
gival margin level of: 0 mm (A), reduction of
-2mm (B), -4 mm (C) and -6 mm (D).

RESULTS

Method reproducibility revealed no statistically
significant difference between the results obtained
for the original picture and its copy, by both exam-
iner groups (p > 0.05) (Table 1).

Among the orthodontists, no significant differ-
ences were observed in the women natural smile
(0 mm), nor in the changes that produced less expo-
sure of the dentogingival complex at -2 and -4 mm
(Fig 3). Nonetheless, the difference was found to
be significant when the 6 mm image was analyzed
(p < 0.05), although a slight decrease in the scores
assigned to 2 mm and 4 mm was noted (Fig 3). In-
vestigation of the men’s smiles disclosed statisti-
cally significant differences starting from -4 mm
changes (p < 0.05) (Fig4).

Laypersons’ perception of the female smile
showed a similar pattern to that of orthodontists.
Assessments of the -2 mm and -4 mm images were
not statistically different from those of the original
image (0 mm). Thus, statistically significant differ-
ences were only found in analyzing the 6 mm image
(p < 0.05, Fig 4). Analysis of the male patient only
yielded statistically significant differences starting
at4 mm (p < 0.05), consistent with the results found
for the orthodontists (Fig 4).

In comparing the scores assigned to female and
male smiles in both examiner groups, disregard-
ing other factors that might have had a bearing on
these scores, female smiles were found to be more
attractive (Figs 3 and 4).

However, comparative analysis of the scores as-
signed by the groups of examiners — orthodontists
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Table 1 - Median, Interquartile (IQ) deviation and p value (Wilcoxon test) to analyze reproducibility of the images examined by laypersons and ortho-
dontists.

Orthodontists Orthodontists Laypersons Laypersons
4 mm (1) 4 mm (1) 2mm (I) 2mm (Il) 4 mm (1) 4 mm (Il) 2mm (1) 2mm (Il)
Median 7 7 6 6 7 75 7 6
|Q Deviation 3 1 2 2 2.75 3 1 2
p value 0.3088 (ns) 0.8767 (ns) 0.7228 (ns) 0.3202 (ns)
p=0.67 p=0.27 p=0.15 p=0.22 p=0.10 p=0.26 p=0.90 p=0.18
ns ns ns ns ns ns ns 0sy
10— 10T
4 :] -+ Orthodontists
81 &7
o1 I o1 [] i
4T ns 4T —lns I
ns A 1 ns n
ns L p<0.05 B
21 ns , 2T p<005 1
=+ p<0.05 -+ I p<0.05 |
' p<005 | b 5005 !
O mm 2mm 4 mm 6mm O mm 2mm 4 mm 6 mm
Figure 3 - Assessment of female subject’s smile performed by orthodon- Figure 4 - Assessment of the male subject’s smile performed by ortho-
tists (pale pink) and laypersons (dark pink). P values in the upper por- dontists (light blue) and laypersons (dark blue). P values in the upper
tion of the chart reflect a comparative analysis between examiner groups portion of the chart reflect a comparative analysis between examiner
(orthodontists x laypersons), whereas p values in the lower portion of the groups (orthodontists x laypersons), whereas p values in the lower por-
chart depict a comparison between the original image and changes in tion of the chart depict a comparison between the original image and
smile height (-2, -4 and -6 mm). changes in smile height (-2, -4 and -6 mm).

and laypersons —, showed no statistically significant that the border of the upper lip should be on the

difference in any of the images assessed (Figs 3 and 4). same level as the gingival margin (0 mm).
Firstly, it should be noted that in the present
DISCUSSION study only close-up photographs of the smile of
Studies have been conducted to determine sci- one male and one female individual were assessed.
entifically the features that characterize an es- However, studies in the literature have shown that
thetically acceptable smile, and particularly the pa- smile esthetics perception is affected when one
tient’s perception of what features depart from an  looks at the whole face.?® Others showed that by
ideal smile 3#11217-20 capturing the smile with a video camera, anatomi-
Three important aspects are involved in analyz- cal and physiological changes can be better viewed
ing smile esthetics, such as, gingival display, curva- compared to images produced by a digital cam-
ture formed by the incisal edge of anterior superi- era.?** The methodology employed in this study

or teeth and the upper lip, and width of the buccal enables to analyze the entire face since changes in
corridor.”® From a strictly orthodontic perspective, gingival display were performed by lowering the lip,
dentogingival display and transverse dimension are which would become visible on the images taken of
usually considered the most important factors in  the entire face. Besides, the changes simply cannot
smile analysis.” Preference is given to a smile line be recorded on video at this point.

where the elevation of the upper lip is close to the Few studies have assessed the effects of dentogin-
gingival margin of maxillary incisors.!"'>*>2* Thus, gival display on smiling, and generally aimed to inves-
the present study was conducted on the assumption tigate the effects of increased display on the smile.!*!?
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In the present study, an attempt was made to de-
termine how many millimeters the crowns of the
maxillary incisors would need to be covered by the
upper lip in order to compromise the pleasantness
of the smile in two individuals - one of each gen-
der - examined by orthodontists and laypersons.
The women smile was considered acceptable until
4 mm of the upper incisor crowns were covered by
the upper lip, while the men smile was rated un-
pleasant at 4 mm and above (Fig 3 and 4). These
findings refute prior reports indicating that low
smiles, with no gingival display and partially cov-
ered crowns, were more acceptable in men than in
women.>*22 Thus,women smiles would tend to be
higher and men’s lower, due to a significant differ-
ence in the length of the upper lip and height of the
maxilla in men.*¢10.22

In this study, the women smiles were assigned
higher scores than the men, as depicted in Figures
3 and 4, showing that there was greater attractive-
ness in the women photographs, which corrobo-
rates previous study results.?¢*! These findings are
also in disagreement with results found in women
studied by Geron and Athaliah.’® When the incisors
are not fully visible, a balance between incisal edges
and lower lip improves, to a great extent, the ap-
pearance of the smile.”” Based on this assumption,
one could conclude that the lower scores assigned
to the men smiles in this study might be related to
dental esthetics and/or a less pleasant lip contour,
since the men ideal images (0 mm) were assigned
lower scores than the women.

Contemporary dentistry seeks to combine esthet-
ics and function by taking into account not just the
professional’s views, but above all the patient’s opin-
ion.>*?7 In this context,, it can be observed that the
examiners,, (orthodontists and laypersons), assigned
similar scores to the men and women smiles, which
demonstrated that their esthetic perception was
equivalent, corroborating findings of previous stud-
ies.>*”28 QOther studies,"*** however, reported sig-
nificant differences in assessments by orthodontists

© 2012 Dental Press Journal of Orthodontics

85

0 mm 2mm 4 mm 6 mm

Figure 5 - Self-perception of masculine patients (blue line) and feminine
(pink line).

versus laypersons concerning the degree of esthetic
demand, with laypersons showing greater tolerance
towards most dentogingival changes.

Examiner self-perception remained similar
to that of orthodontists and laypersons (Fig 5).
The male subject was more demanding of him-
self, assigning only unpleasantness scores, while
the woman was unable to distinguish 0-4 mm
variations, always assigning the same esthetically
acceptable scores. This result, although limited
by sample size, disagrees with previous studies’
which, after analyzing male self-perception, de-
termined that dominance, high self-esteem and
greater tolerance are related to behavioral charac-
teristics typical of a man.

CONCLUSIONS

No differences were found in the esthetic per-
ception of orthodontists versus laypersons in as-
sessing photos of spontaneous smiles with a nor-
mal vertical dentogingival display, or smiles with
less display. Changes in smile height are perceived
differently depending on the gender of the indi-
vidual being examined. It can therefore be inferred
that gender has a bearing on this type of assess-
ment. Nevertheless, further studies involving a
larger number of subjects are clearly required.
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Analysis of width/height ratio and gingival zenith in patients with
bilateral agenesis of maxillary lateral incisor
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Objective: The purpose of this study was to evaluate the width/length ratio and the gingival zenith (GZ), by means of
dental casts and digital caliper, in patients with missing maxillary lateral incisors after treatment.

Methods: The sample was composed of 52 subjects divided into 3 groups: BRG (n = 18), patients with bilateral agenesis
treated with tooth re-contouring; BIG (n = 10) patients with agenesis treated with implants and CG (n = 24), control
group. The data were analyzed using Shapiro-Wilk, Spearman correlation, Wilcoxon, Kruskal-Wallis, t test and ANOVA
tests (p < 0.05).

Results: For the width/length ratio of the lateral incisors, BIG presented the lowest mean values (0.72 right and left),
when compared with other groups. However, comparison between groups presented statistically significant differences
for the right lateral incisor (BIG x CG) and for the canine (BRG x CG). GZ data evaluation showed the greatest difference
for BRG (0.5 right and 0.48 left). BIG (0.95 right and 0.98 left) and CG (0.98 right and 0.8 left) presented more similar
values, nevertheless, without statistical difference (p > 0.05). GZ data for the right and left sides of the smile were not
considered statistically different.

Conclusion: Although no statistical difference was found in the comparison between the groups, analysis of the de-
scriptive values showed that group BIG showed the greatest difference in values with regard to width/length ratio. Re-
garding gingival zenith, BRG showed the greatest difference.

Keywords: Dental agenesis. Width/length ratio. Gingival zenith.
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INTRODUCTION

Dental agenesis in the anterior maxillary region
compromise the balance and symmetry of the smile,
interfering negatively in the patient’s interpersonal
relationships and self esteem.'? esthetics of the smile
is related to various parameters, and therefore, all
professionals involved in the treatment of agenesis of
the lateral incisors should aim dentofacial esthetic.

According to contemporary cosmetic literature, an
adequate width-length ratio of teeth and the gingival
zenith are desirable characteristics for the smile, and
may thus be references for esthetic rehabilitation,®®
such as the treatment required by patients with agen-
esis. Different authors®'? have studied the above-men-
tioned esthetic principles, nevertheless, there is little
information about how they have been applied in the
rehabilitative treatment of patients with agenesis.

Treatment of patients with unilateral or bilateral
agenesis of maxillary lateral incisors is an interdis-
ciplinary challenge, requiring correct diagnosis and
individual planning in order to restore the long term
function and esthetics of the smile.”*'* The treatment
options generally indicated for these patients are clo-
sure of spaces and re-contouring of the canines into
lateral incisors or maintaining the spaces for place-
ment of dental implants.’*2° Whatever the chosen op-
tion may be, procedures are still need to be performed
by the orthodontist, either to improve the position of
the canine (adequate crown torque and leveling of the
gingival margin) , or to suit the width of the area of
agenesis that will be the implant receptor site to the
width of a natural lateral incisor.'>?"%2

The purpose of the present study was to analyze
the width/length ratio and gingival zenith of anterior
teeth in patients with agenesis of the maxillary lateral
incisor after treatment and discuss the applicability of
these esthetic principles and their relationship with
the final esthetic appearance of patients with agenesis
of the maxillary lateral incisor, treated with space clo-
sure and dental re-contouring, or with space opening
and implant placement.

MATERIAL AND METHODS

For this study, 28 patients with bilateral agenesis of
the maxillarylateral incisor were selected, and divided
into 2 groups according to the treatment performed:
BRG (n =18) - patients with bilateral agenesis treated
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with orthodontic space closure and dental re-contour-
ing; and BIG (n = 10) - patients with bilateral agenesis
treated with space opening and implant placement.
The control group (CG) was composed of 24 patients,
selected according to the following criteria: (1) the pa-
tient should not have received previous orthodontic
or orthopedic treatment; (2) presented no history of
facial pain during the previous year; (3) does not use a
bruxism plate; (4) presented all teeth in mouth, except
the third molar; (5) presented no skeletal discrepan-
cy and (6) has good tooth alignment. The patients in
Groups BRG and BIG were evaluated, on an average
of 5.03 years and 3.08 years, respectively, after con-
clusion of interdisciplinary rehabilitative treatment.
All the patients were invited to participate in this re-
search and signed a free and informed term of consent
approved by the Ethics Committee of the State Uni-
versity of Maringa (Protocol No. 582/2009).

For evaluation of the esthetic principles, study mod-
els made of orthodontic plaster (Asfer — Asfer Industria
Quimica Ltda, Sdo Caetano do Sul) were obtained from
impressions of all patients, taken using alginate (Jel-
trate Plus - Dentsply, Petropolis). The width (W) and
length (L) of teeth were measured on the models, using
a digital caliper MITUTOYO" - Sao Paulo/Brazil), and
the width/length ratio (W/L) of each tooth was calcu-
lated by dividing the width by the height. The gingival
zenith (GZ) level of the maxillary lateral incisors (MLI)
was evaluated in relation to a line tangent to the GZ of
the canines and central incisors, drawn on the study
models of the patients (Fig 1). The distance between
this line and GZ of the MLI was measured with a digital
caliper at 4X magnification.

For statistical analysis the Software R 2.10.1 was
used and the statistical significance level was defined
at 5%. For all the analyses, the Shapiro-Wilk test was

Figure 1 - Analysis of the gingival zenith of the maxillary lateral incisor,
obtained from a line tangent to the GZ of the canines and central incisors.
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applied to verify the normality of the data. Spearman’s
correlation test was applied for the intra-examiner
analysis regarding width/length ratio. All the measure-
ments were repeated at two different time intervals by
the same observer (interval of 30 days), and abnormal
distribution of the sample was verified. To compare the
findings of the right and left sides of the smile; (symme-
try of the smile), the Wilcoxon test for paired data was
applied. For the inter-group comparison the Mann-
Whitney U test was applied. In respect to the gingival

Table 1 - Descriptive Measurements, Normality (SW) and Intra-Observ-
er Correlation (R) for analysis of the width/length ratios in the patients
treated with re-contouring (BRG), with implants (BIG) and in patients in
the Control Group (CG).

Median
Group Side Tooth (interquartile
rage)
0.8186
l .39 89
€ (07776-0803a) 03936 08968
i 0.8093
Right IL 9797 o1
N (07202-0.801) 0927 09216
07602
¢ 00005 09236
BRG (0.7215 - 0.8879)
0.8424
' (07827-00160) 0878 0958
07813
Left IL 519 o120
: 07419-08663) 70 08
0.8409
71 _
¢ 07531-0.8915) 0718 08658
0.8510
'© (o7ess-o09038) 01738 09030
07299
Right IL <0.0001 0.
¢ 0672-07662) 00001 05030
0.7784
C (o7515-08075) 00087 07818
* 0.8478
1€ (0sis6-09301 02°00 09152
07299
et " (07125-07813) 2°82 08303
07574
’ 2 |
C (07029-0818a) 08632 09030
0.8524
! 0017 0.
€ (08073-09234) OO0V 0858
i 07740
Right L 07740 0gazg 00028 08192
0.8817
C (08244-0028y) 00642 07646
- 0.8488
|c (0.8011-09109) 00275 05808
0.7619
et . (07251-0.8299) 00002 06392
c 0.8439 e e

(0.7847 - 0.8664)
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zenith, observer calibration was performed by means of
three analyses, with an interval of 7 days between them,
of a sample of 5 randomly selected patients. The three
observations were compared by the Spearman Corre-
lation test again. This test was chosen because normal
distribution of the data was not verified. To measure
equality of the GZ on the right and left sides of the
smile, the paired t test was applied, and for inter-group
comparison, the ANOVA Test.

RESULTS

With regard to the width/length ratio, the values
of the lateral incisors of BRG (0.81 right/0.84 left)
were found to be the closest to those of CG (0.85
right/0.84 left). The analysis of normality by the
Shapiro-Wilk (SW) test showed abnormal distribu-
tion of the data, which justified the use of parametric
tests (Table 1). The comparison made between the two
observations showed no statistically significant dif-
ferences, demonstrating that the examiner was duly
calibrated for the measurements (Table 1). Figure 2
demonstrated that although the width/length ratio
presented very similar values for the three groups,
the medians of each dimension, in particular width
and length, revealed that proportionally, the canines
transformed into lateral incisors in BRG were larger
than the lateral incisors in CG.

Analysis of the symmetry of the smile using the data
obtained for the right and left sides of the width/height
ratio, revealed that there was no statistically significant
difference among the groups (p > 0.05) (Table 2).

B b 5w b
0 ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
T T T T T T T T T T T T T T T T T 1
BRG BIG CG BRGBIG CG BRG BIG CG BRG BIG CG BRG BIG CG BRG BIG CG
w [ H [wr ] w [ H ] wH]
] L ]
{

L
’ RLI LLI '

Figure 2 - Analysis of the width (W), height (H) and the width/height ratio
(W/H) for the right and left lateral incisors (LI) of do BRG (Group with
bilateral agenesis treated with re-contouring), BIG (Group with bilateral
agenesis treated with implants) and CG (Control Group).
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According the Kruskal-Wallis test, the inter-
group comparison revealed statistically significant
differences only between BIG and CG for the right
lateral incisor; and between BRG and CG, for the
right canine (Table 3).

For evaluation of the gingival zenith, the three anal-
yses performed by the same observer could not be con-
sidered statistically different , according to the Spear-
man Correlation test (coefficient R > 0.9). Evaluation of
the medians obtained for GZ demonstrated that BRG
was the group that differed most from the others, and
that the values shown between BIG and CG were the
most similar (Table 4). According to the t test, the data

Table 2 - Analysis of the symmetry of data of each group for the right
and left sides by the Wilcoxon Test. (BRG - patients treated with re-
contouring; BIG - patients treated with implants; CG - Control Group).

Group Tooth p value
Cl 0.286
BRG LI 0.6165
C 0.4204
IC 0.241
BIG LI 0.7989
C 0.0593
IC 0.9678
CcG LI 0.326
C 0.0004

obtained for the gingival zenith for the right and left
sides of the smile could be considered not statistically
different (Table 4). In the inter-group comparison by
the ANOVA test, no statistically significant difference
was shown among the groups (Table 4).

DISCUSSION

This is a pioneer study in contemplating analy-
sis of esthetic principles, such as the width/length
ratio and gingival zenith, in a sample composed of
patients with agenesis of the maxillary lateral inci-
sor. According to the literature, the treatment mo-
dalities applicable to patients with agenesis of the
maxillary lateral incisor have been widely studied
from a functional point of view.**> However, there
is a lack of studies that relate esthetic principles to
the final outcome of treatments applicable to these
patients. Quantitative and qualitative evaluation of
the width/length ratio of teeth and position of the
lateral incisor zenith in relation to formation of the
gingival triangle has not yetbeen awidely performed
analysis in the literature. Conduct this study in pa-
tients with agenesis of the maxillary lateral incisor
after treatment with implants or re-contouring, in
comparison with a control group, provided an op-
portunity to evaluate this esthetic principle and
its behavior in cases of multidisciplinary esthetic
rehabilitation. Descriptive analysis of the measure-
ments of width/length ratio revealed important pe-
culiarities in each group with regard to this esthetic

Table 3 - Inter-group comparison for the width/length data by the Kruskal-Wallis test (P < 0.05).

Groups {d RLI LCI LLI LC

BRGxBIG 0.6661 0.0615 0.7372 0.5651 0.551 01503
BRGXCG 0.1151 0.941 0.0193 0.6052 0.5383 0.7119
BIGXCG 0.401 0.0236 0.9128 01344 0n8

(BRG - patients treated with re-contouring; BIG - patients treated with implants; CG - Control Group).

Table 4 - Medians and quartiles, comparison for the data of right and left sides of the smile by the t test and inter-group comparison for the gingival

zenith data for each group.

Tooth Data :1:{c} BIG CG BRG x BIG BRG x CG BIG x CG
Median 0.58 0.95 0.98
ILD 0.8884 0.9467 0.0956
(Quartil) (-1.72-2.09) (0-1.87) (0-19)
Median 0.48 0.98 0.8
ILE 0.7478 0.0942 0.7092
(Quartil) (-0.55-1.96) (0-1.68) (-0.56 - 2.08)
ttest (p value) 0.95 0.95 0.36

(BRG - patients treated with re-contouring; BIG - patients treated with implants; CG - Control Group).
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principle. The values (Table 1) of the width/length
ratio of the incisors in all the groups were in agree-
ment with the values found by Hasanreisoglu et al,’
and Sterret et al." The canine measurements were
shown to be within the values found by Sterret et
al," ranging between 75-84%, except for the width/
length ratio value found for the right canine in the
control group. Regarding the lateral incisors, BRG
and CG presented values comparable with those re-
lated by Hasanreisoglu et al,’and Gillen et al,’* rang-
ing between 79-82%. BIG presented width/length
ratio values of approximately 72% for lateral inci-
sors, which have not yet been related by any author.

The fact that the values found for lateral incisors
in BRG were higher than those found in BIG dem-
onstrated that for BRG group, the width and length
measurements of the teeth presented values that
were closer to one another (Fig 2), which resulted in
a high quotient, when the width was divided by the
length. Actually, In BRG, it is the transformed canine
that is being analyzed, and in BIG, orthodontic treat-
ment is normally necessary before implant therapy
to adjust the width of the receptor area to that of a
natural lateral incisor. Therefore, this data can be
explained by the anatomic differences existent be-
tween the canine and lateral incisor, as canines are
generally larger than lateral incisors.”'%%32

The values found for the width/length ratio in CG
were higher than those foundin the other groups. How-
ever, when comparing the medians of each dimension
of this tooth in particular, it could be verified that BRG
presented higher values for width and length, this can
be explained by the fact that a re-contoured canine
from BRG was being compared with a natural lateral
incisor from CG. In addition, Figure 2 demonstrates
that although the medians found for BIG were lower
than those found for CG, both groups presented width
dimension values that were very close, and greatly di-
vergent values for length. This may be a result of limi-
tations of the implant technique, because although
the width of the receptor area may be adjusted to that
of anatural lateral incisor, the height cannot always be
re-established proportionally to the width. Such limi-
tations are related to the height of the bone crest and
thickness of keratinized tissue around the implant,
which vary according to the type of platform or con-
nection used, the relationship of the implant with the
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adjacent teeth, level of location of the implant/con-
nector junction in relation to the bone crest, and the
gingival biotype.?*2>2¢

When comparing the data obtained for the width/
length ratio of teeth on the right and left sides of the
smile, for the two variables, all the patients in all the
groups may be considered symmetrical. This compar-
ison was necessary to find out whether the clinicians
were taking into account the re-establishment of sym-
metry and balance of the smile in the rehabilitation
of cases of agenesis. This symmetry is guaranteed by
orthodontics, either in the distribution of spaces for
re-contouring of the anterior segment of the smile, as
in the case of patients in BRG, or in adjusting the re-
ceptor area of the implant, in the case of BIG. In spite
of the absence of statistically significant differences
in this comparison, variations with regard to the me-
dians of the width/length ratio were found in a large
portion of the sample. It could be inferred that this
was as a result of small alterations in the dimensions
of some of the anterior teeth, which are generally not
noticed. Kokich et al**?® reported that small altera-
tions of up to 2 mm in width of the lateral incisor were
not perceived by orthodontists, general clinicians and
laypersons, which justifies the results observed in the
present study.

In the inter-group comparison, for the width/
length ratio, statistically significant difference
between BIG and CG was found only for the right
lateral incisor (p = 0.0236), with the justification
that in BIG, the dentures showed elongated lengths
when compared with CG. Another statistical dif-
ference found was for the right canine in the com-
parison between BRG and CG (p = 0.0193), due to
the fact that between these two groups, the premo-
lars that substituted the canines in BRG were being
compared with the canines in CG.

For analysis of the gingival zenith, the GZ of
teeth were marked according to the pattern estab-
lished in the literature.*¢”?° For central incisors and
canines, GZ is the most apical point of the gingival
outline, generally located distally to the long axis
of the tooth, whereas for the lateral incisors, in the
majority of cases, this point is coincident with the
long axis of the tooth.

Although no statistically differences were found
in the comparison between BIG and CG (p = 0.0956),
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analysis of the medians demonstrated differences
in the position of the gingival zenith between the 3
groups: Re-contoured canines of the patients in BRG,
the implants of the patients in BIG and the natural lat-
eral incisor of the patients in CG. The presence of low-
er values in BRG demonstrated that in this group, the
mesialization of the canines promoted the formation
of this triangle in an opposite manner in the majority
of the patients; that is to say, the zeniths of the lateral
incisors in this group were predominantly found to be
coincident or above the reference line of analysis. This
is explained by the difference between the GZ of ca-
nines and premolars, in relation to the teeth they are
replacing; in other words, the lateral incisors and ca-
nines respectively. Although these differences can be
minimized with orthodontic space closure treatment
before dental re-contouring, the discrepancy between
the measurements of the right and left lateral incisors
(Table 3) demonstrated that in the majority of the
cases, this is not always possible, in disagreement with
the pattern proposed in the literature.*>**° However,
BRG was the group that presented the most similar
values between RLI and LLI; that is to say, presented
a greater trend towards symmetry in relation to GZ,
ratifying the importance of orthodontic therapy asso-
ciated with restorative therapy in the treatment with
space closure and dental re-contouring. Although BIG
was not shown to be as symmetrical as BRG, when
compared with CG, the proximity between the values
found for right and left GZ demonstrated that symme-
tryis also of concern to orthodontists in the treatment
of opening or maintaining space for the placement of
dental implants in patients with agenesis of the maxil-
lary lateral incisors.

It is known that in addition to the variables un-
der study, the width/length ratio and gingival zenith,
many others that are difficult to quantify deserve at-
tention when analyzing a peculiar sample, such as
patients with agenesis of the maxillary lateral inci-
sor. Clinicians must take other clinical parameters
into consideration, both in planning and in the final
stage of their clinical cases. The literature relates
that both treatment options have their peculiarities.
Re-contouring of the lateral incisors into canines is
considered advantageous because it leads to minimal
or no clinical and radiographic alteration over the
course of time,»?? less dental plaque accumulation,
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gingival inflammation and fewer periodontal pock-
ets.!*!1? Tn addition it is considered an easily revers-
ible procedure for color adjustment and adaptation
of the restoration when necessary, when compared
with prosthetic treatments. The disadvantage gen-
erally pointed out for this treatment is the lack of
occlusion mutually protected by the canine.' Nev-
ertheless, the literature is emphatic about not cor-
relating this fact with possible temporomandibular
dysfunction, and consider that the premolar may be
considered a suitable substitute for the canine, from
a functional point of view.'*#192031 dental implants,
are also a treatment option in the absence of lateral
incisors, substituting adhesive dentures and fixed
partial or removable dentures. This alternative has
been considered conservative due to the preserva-
tion of permanent teeth adjacent to the prosthetic
space;® and shorter orthodontic treatment time re-
quired.*> However, the quantity and quality of bone,
with consequent risk of infra-occlusion, and bone
maturation of the individual are factors that inter-
fere in the longitudinal results of dental implants.

Whatever may be the treatment option chosen,
Orthodontics is essential in the multidisciplinary
team for the treatment of patients with agenesis of
the maxillary lateral incisor, as these procedures are
necessary to restore the shape and proportionality of
the smile and contribute to both the functional and
esthetic re-establishment of the patient.?"?

The limitations and differences in the results
between this study and others may be attributed
to various factors ranging from variations in meth-
ods; such as using models or photographs, rulers,
compasses or caliper, and size and ethnicity of the
sample. It is worth pointing out that patients with
agenesis of the maxillary lateral incisors constitute
a peculiar sample, and difficult to be available. Fi-
nally, the results of this study and the literary find-
ings indicate the need for further research about the
application of the principles of esthetic proportions
in the treatment of patients with agenesis of the
maxillary lateral incisor. It is necessary to increase
these analysis, with a larger number of patients to
establish the differences among groups and pat-
terns, and with control of these patients, in order to
enable evaluation of the long term esthetic results
of the treatments.
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CONCLUSIONS

According to the results obtained in the evaluation

of the three groups, it could be concluded that:

» There was no statistically significant differ-
ence in the width/length ratio among patients
with bilateral agenesis of the lateral incisors
treated with re-contouring (BRG) or implants
(BIG) and the control group (CG), however,
when comparing the medians found for the
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Assessment of changes in smile after rapid maxillary expansion
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Introduction: This study evaluated changes in the smile characteristics of patients with maxillary constriction
submitted to rapid maxillary expansion (RME).

Methods: The sample consisted of 81 extraoral photographs of maximum smile of 27 patients with mean age of
10 years, before expansion and 3 and 6 months after fixation of the expanding screw. The photographs were ana-
lyzed on the software Cef X 2001, with achievement of the following measurements: Transverse smile area, buccal
corridors, exposure of maxillary incisors, gingival exposure of maxillary incisors, smile height, upper and lower lip
thickness, smile symmetry and smile arch. Statistical analysis was performed by analysis of variance (ANOVA), at
a significance level of 5%.

Results: RME promoted statistically significant increase in the transverse smile dimension and exposure of maxil-
lary central and lateral incisors; maintenance of right and left side smile symmetry and of the lack of parallelism

between the curvature of the maxillary incisal edges and lower lip border.

Conclusions: RME was beneficial for the smile esthetics with the increase of the transverse smile dimension and
exposure of maxillary central and lateral incisors.
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! MSc in Orthodontics, Methodist University of Sao Paulo (UMESP). How to cite this article: Carvalho APMC, Goldenberg FC, Angelieri F, Siqueira DF,
Bommarito S, Scanavini MA, Kanashiro LK. Assessment of changes in smile after

2PhD in Sciences, UNIFESP. rapid maxillary expansion. Dental Press J Orthod. 2012 Sept-Oct;17(5):94-101.

3 Associate professor of the post-graduation course in Orthodontics, Methodist Submitted: November 07, 2011 - Revised and accepted: Juny 28, 2012.

University of Sdo Paulo.
» The authors report no commercial, proprietary or financial interest in the products
*Professor of graduation, specialization and MSc courses, Sacred Heart University or companies described in this article.
(USO).
» Patients displayed in this article previously approved the use of their facial and in-
° Associate Professor, Department of Speech Therapy, UNIFESP/EPM. Professor in traoral photographs.
charge of the Oral Motricity Department, UNIFESP/EPM.
Contact address: Ana Paula M. C. de Carvalho

°Head of graduate program in Dentistry, Methodist University of Sdo Paulo. Rua Cantagalo, 630, ap. 102 - Tatuapé
Zip code: 03.319-000 - Sdo Paulo/SP, Brazil
¢MSc and PhD in Orthodontics, FOUSP. Professor of Orthodontics, FOUSP. E-mail: anapaulal007@hotmail.com

© 2012 Dental Press Journal of Orthodontics 94 Dental Press J Orthod. 2012 Sept-Oct;17(5):94-101



Carvalho APMC, Goldenberg FC, Angelieri F, Siqueira DF, Bommarito S, Scanavini MA, Kanashiro LK

INTRODUCTION

Recent years have seen an increasing emphasis
given to face and smile esthetics by dental profession-
als and patients alike.

Smile analysis is part of a broader facial morphol-
ogy analysis and allows dentists to recognize positive
and negative elements in each patient’s smile. The
literature suggests that some characteristics, such as
the following, should be assessed: Smile line,' curva-
ture of the upper and lower lip,'® parallelism between
the curvature of the incisal edges and the lower lip,>%”
transverse dimension, smile height,® upper and lower
lip thickness,' lip symmetry,' buccal corridor,'*# extent
of elevation of the upper lip,! amount of exposure of
central' and lateral® incisors, and gingival display.>#°

Depending on the type of malocclusion, patient’s
facial pattern and mechanics adopted, orthodontic
treatment can prove either beneficial or harmful to
smile esthetics. Thus, it is reasonable to regard facial
analysis as an important tool for diagnosis and orth-
odontic treatment planning.

Maxillary constriction is very common in orth-
odontic patients in the mixed dentition stage, which
can affect occlusion, facial development and smile
esthetics. Rapid maxillary expansion (RME) is a
treatment often indicated for correction of trans-
verse skeletal deficiency by means of maxillary ex-
pansion appliances.®221:22

Based on the belief that it is important to learn
in advance about the effects of orthodontic mechan-
ics on smile esthetics with a view to benefitting pa-
tients, this study aimed to verify the possible changes
in smile characteristics after RME in patients with
mixed dentition.

MATERIAL AND METHODS
Sample

The sample consisted of 81 extraoral photographs
of maximum smiles of 27 patients from the Depart-
ment of the Graduate Program in Orthodontics at
UMESP, mean age 10 years and 3 months (between
8 and 11 years), 15 women and 12 men with maxillary
constriction, after RME. The following patient inclu-
sion criteria were used: Presence of posterior unilat-
eral or bilateral crossbite requiring maxillary expan-
sion as the first phase of orthodontic treatment; mixed
dentition with complete eruption of permanent first
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molars and incisors; absence of congenital syndromes
or deformities; no prior orthodontic treatment, muti-
lations or dental agenesis. This study was approved by
the UMESP Ethics Committee (file #164761).

Methods
Rapid maxillary expansion

The appliance used to perform RME was a modi-
fied" Hyrax type expander, which was attached to
the patient’s arch by cementing bands with glass
ionomer and bonding metal stop rests to the buccal
and palatal surfaces of the deciduous canines using
composite resin (Fig1).

The activation protocol was as follows:!* A full turn
applied by the researcher immediately after place-
ment of the appliance, 2/4 turn once a day applied by
the patient’s legal guardian until the desired expan-
sion overcorrection was achieved (palatal cusp of the
upper first permanent molar occluding with the buc-
cal cusp of the first lower permanent molar). As soon
as activation was completed, the appliance was kept in
place for retention for 3 months.!? Thereafter, the ex-
pander was removed and an acrylic plate was used for
retention for 3 months.

Photographs

In order to evaluate the smiles, standardized fron-
tal photographs of the patients’ faces were taken at the
following times:

» T, : Before placing the expander

» T,: 3 months after completing expansion

» T,: Six months after completing expansion

(3 months after removal of the expander).

Figure 1- Modified Hyrax expander.
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All photographs were taken in the same room to
ensure uninterrupted lighting, with the same cam-
era (Canon EOS Rebel XT) and focal length, which
was achieved by attaching the camera to a stabilizing
mount specially designed for this purpose.’®??

The patients were instructed to stand upright
and position their heads in front view one meter
away from the camera. Oriented Natural Head Po-
sition was adopted as it is considered reliably re-
producible in literature.”*'” The cephalostat had a
millimeter ruler attached to its horizontal structure
and was adapted to the external auditory canal of
the patients for head stability. The ruler was incor-
porated into the photographs to assist in calibrating
all linear measurements.

To standardize the smile at the three study times,
patients were instructed to produce a posed, volun-
tary, self-induced smile, which can be repeated at dif-
ferent times as it involves maximum lip expansion.!

Smile analysis

To calibrate the size of the photographic image to a
real dimension, all digital images were imported into
Cef X 2001 (CDT) software. This program provides
a tool to measure the virtual distance of 1 cm viewed
on the millimeter ruler (actual value) for each pho-
tograph. The digital images of the patients were then
loaded into Adobe Photoshop 7.0 (Adobe Systems) and
by manipulating the image size tool and using the per-
centage value of magnification previously obtained,
each image was converted to their real size.

Smile analysis measurements

Once converted to their real size, the images were
imported into the Cef X 2001 program for analyzing
the smiles at the three different times. Some of the
measurements required the construction of the fol-
lowing reference lines (Fig 2):

1) Right and left labial commissures: Horizontal
line joining the right (RLC) and left (LLC) labial
commissures.

2) Smile center: Geometric center of the rectangle
formed by two lines parallel to the line of the rima
oris and tangent to the uppermost points on the
edge of the upper lip and the lowermost points on
the edge of the lower lip, in addition to 2 perpen-
dicular lines passing through RLC and LLC.
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3) Vertical line at the center of the smile: per-
pendicular to the line of the rima oris, passing
through the center of the smile.

4) Horizontalline at the center of the smile: parallel
to the line of the rima oris, passing through the
center of the smile.

5) Facial midline: Line passing through the lip phil-
trum.

After establishing the reference lines on the ima-
ges of the smiles of each patient at the three different
times, linear measurements were obtained with Cef
X 2001 and used in analyzing the smile in the hori-
zontal and vertical directions as well as its symmetry:

Horizontal evaluation of the smile (Fig 3)
1) Transverse dimension of the smile: Distance be-
tween the right and left labial commissures (RL.C
and LLC).

Figure 3 - Horizontal measurements of the smile: Transverse dimension
of the smile, and right and left buccal corridors.

Dental Press J Orthod. 2012 Sept-Oct;17(5):94-101



Carvalho APMC, Goldenberg FC, Angelieri F, Siqueira DF, Bommarito S, Scanavini MA, Kanashiro LK

2) Right and left buccal corridors: Distances be- right and left upper laterals (111, 121, 112, 122)
tween the right (RBE) and left (LBE) buccal ex- and their respective uppermost points at the in-
tremes and their respective inner portions of tersection with the long axis of these teeth.
the labial commissures, i.e., right internal angle 2) Gingival display: Distances between the cervical
(RIA) and left internal angle (LIA), orthogonally points of the right and left central incisors (C11
to the vertical smile. and C21) and their respective points of intersec-

tion between the lower edge of the upper lip and
Vertical smile evaluation (Figs 4 and 5) the long axes of these teeth (UL-11 and UL-21).

1) Incisor exposure: Distances between the mid- 3) Smile height: Distance between the uppermost

points on the incisal edges of central incisors and points on the upper edge of the upper lip and

the lowermost points on the lower edge of the
lower lip, projected onto the vertical line at the
center of the smile.

4) Upper lip thickness: Distance between the
lower edge of the upper lip (UL) and the Sto-
mion, projected onto the vertical line at the
center of the smile.

5) Lower lip thickness: Distance between the up-
per edge of the lower lip (LL) and the Stomion,
projected onto the vertical line at the center of
the smile.

Figure 4 - Vertical measurements of the smile: Incisor exposure and gin-

gival display. Symmetry assessment and smile arch (Fig 6)

1) Right and left sides of the smile: Distances be-
tween the left and right labial commissures (LLC
and RLC) and the facial midline

2) Smile arch: Comparison of the distances be-
tween the edges of the upper incisors and the
lower lip, projected onto the vertical line of the
smile.

Statistical analysis

To evaluate method error all measurements of one
of the smile photographs of each patient were repeat-
Figure 5 - Vertical measurements of the smile: Smile height and upper ed 30 days after the first measurement. Random error
and lower lip thickness. ;] .

was verified using Dahlberg’s formula'® and system-
atic error by Intraclass Correlation."”

To evaluate changes in the characteristics of the
smile during the different phases, analysis of vari-
ance (ANOVA) was employed at a significance level of
0.05 (0=5%). Variables that showed statistically sig-

- ‘ ‘ nificant differences were tested using Bonferroni’s
" ‘E‘P‘ g multiple comparisons test! to assess at what time(s)
the changes occurred.
Winaen - - To verify smile symmetry, the measurements from
the incisors to the lower lip were compared using anal-
Figure 6 - Smile symmetry: Right and left sides, and smile arch. ysis of variance (ANOVA) with repeated measurements
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of two factors, assuming a symmetrical component cor-
relation matrix,* followed by Bonferroni’s’ multiple
comparisons test to compare pairs of interest.

RESULTS
Method error

All measurements were found to be very consis-
tent since the intraclass correlation values were close
to1, and random error could be considered acceptable
given its low values in light of the magnitude of the
measurements (mean = 0.367 mm, SD = 0.192).

Smile analysis
Horizontal evaluation of the smile (Table 1)

The transverse dimension of the smile and the right
buccal corridor showed statistically significant differ-
ences during the study period (p < 0.05). It was found
that the transverse distance of the smile had a statisti-
cally significant increase from time T, to times T, and T,
and the right buccal corridor experienced a statistically
significant decrease from time T, to times T, and T,

Vertical evaluation of the smile
The amount of exposure of the upper incisors was
the only variable to exhibit a statistically significant

increase (p < 0.05) between T, and T,, and T, and T,
Gingival display, smile height and thickness of the up-
per and lower lips did not show any statistically signif-
icant changes during the study period (p > 0.05).

Symmetry assessment and smile arch

As regards the smile arch, no statistically signifi-
cant difference was found in the distances of the in-
cisal edges and the lower lip at different times. In
comparing these distances according to place and
time, there were statistically significant differences
in terms of place (p < 0.05). The distance between the
incisal edge of the right lateral incisor and lower lip
was statistically higher than those of the right and left
central incisors. This behavior was kept at the three
different times (p > 0.05), i.e., the line formed by the
incisal edges of the upper incisors was not parallel to
the lower lip during treatment.

The smile showed symmetry between the left
and right sides at all times as there was no statisti-
cally significant change in place (p = 0.852). How-
ever, a statistically significant increase was noted in
the measurements of the right side of the smile dur-
ing treatment between time T, and the other treat-
ment times (T, and T,).

Table 1- Comparison of changes in horizontal and vertical characteristics of the smile: ANOVA and Bonferroni test of multiple comparisons.

Initial (T)

Mean + SD

Horizontal evaluation

3 months (T,)
Mean + SD

6 months (T,)
Mean + SD

Transverse dimension 6191+ 4.16°
Right buccal corridor 4.83 +1.95°
Left buccal corridor 4.49 +191

Vertical evaluation

Tooth 11 exposition 8.09 + 1.68°
Tooth 21 exposition 7.88 £1.91°
Tooth 12 exposition 576 +£1.45°
Tooth 22 exposition 5.84 +1.58°
Tooth 11 gingival display 0.53+1.03
Tooth 21 gingival display 0.54 £1.14
Smile height 25.90 + 6.07
Upper lip thickness 549 +£1.75
Lower lip thickness 8.05 +1.55

63.76 + 4.85° 64.64 + 4.99° 0.001*
3.55+1.73° 3.70 £1.48° 0.001*
3.77 +1.41 4.47 £1.52 0.102

9.03 £ 1.61° 9.05 +1.50° <0.001*
891+ 1.44° 8.85+147° 0.003*
6.38 £ 1.52° 6.39 +1.34° 0.002*
6.72 £ 1.24° 6.52 = 1.06%° 0.002*
0.68 £0.93 0.55+ 0.67 0.684
0.71+0.89 0.66 £ 0.91 0.554
27.28 + 4.78 27.01+4.92 0.362
5.81+1.80 5.88 £1.84 0.409
8.38 +1.02 8.50 £1.31 0.249

* Statistically significant - p < 0.05 (ANOVA).

ab: Different superscript letters mean statistically significant differences, according to the smile characteristics (Bonferroni multiple comparisons).
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Table 2 - Comparison of changes in the characteristics of smile symmetry according to the site and time: ANOVA and Bonferroni multiple com-
parisons.

Time
Smile symmetry Initial (T,) 3 months (T,) 6 months (T,)
evaluation
Mean (mm) £ SD Mean (mm) = SD Mean (mm) = SD
Tooth 11incisal - LL 334 +£229 373 +2.842 3.53+279 0.562
Tooth 2T incisal - LL 317 £ 245 3.56 £ 2.78° 3.54 2942 0.544
Tooth 12 incisal - LL 4.08 +2.64° 457 £2.99° 4.46 + 2.74° 0.505
= Tooth 22 incisal - LL 3.64 +2.69%° 3.84 + 2942 4.03 + 2.742> 0.683
w p=0.001*
Right side of smile 30.62 +2.72° 3213 +3.45° 33.01+2.59° <0.001*
Left side of smile 3144 +2.20 3229 +336 32.22 £3.50 0.328
p =0.852

* Statistically significant - p < 0.05 (ANOVA).
#b: Different superscript letters mean statistically significant differences (Bonferroni multiple comparisons).

DISCUSSION However,changesof1.29mm(T,-T )and1.13mm(T -T,)
While esthetics is one of the goals of the ortho- do not seem to be clinically significant in view of the
dontist and a paramount issue for most patients amount of expansion achieved (mean 5.96 mm).
seeking orthodontic treatment, the importance The increased bone tissue support produced
of an objective analysis of the smile is still under- by expanding the dental arches also affects soft

estimate in diagnosing, planning and monitoring tissues.* Thus, the expected buccal corridor re-
the results of the mechanics applied.?*!° This study duction effect may have been minimized by an
aimed to assess changes in the smile of patients un- increase in the transverse dimension of the smile
dergoing RME, a technique which has been well es- caused by expansion of the soft tissues, which oc-
tablished in literature. It consists in expanding the curred concurrently with RME. The transverse di-
maxilla by splitting the palate in the region of the mension of the smile, measured between the labial

sutures to correct maxillary constriction and poste- commissures, showed a statistically significant

rior crossbites.®?-22 increase between baseline and 3 months, and be-
According to the literature, smile evaluations can tween baseline and 6 months. However, in the re-

be conducted in either subjective or objective man- tention phase (3-6 months) the transverse dimen-

ner.3*19232¢ An attempt was made to focus on some fea- sion of the smile remained stable.

tures considered important and objective in analyzing Although further studies are needed, the differ-

the esthetics of the smile so that tangible results could ence in the responses of the right and left buccal

be achieved unaffected by the researcher’s personal or corridors could be explained by a difference in mus-

subjective interpretation. cle tone between the two sides due to asymmetric
chewing (predominance of one side over the other)

Horizontal aspect of the smile in many patients.

The dimension of the buccal corridor is seen as one

ofthe characteristics thatinfluence smile esthetics.'*2° Vertical aspect of the smile

According to some authors,* the smaller the corridor, This study showed that RME did not induce sig-

the better the esthetics. Although this study employed nificant changes in the soft tissues in the vertical di-

RME as its key mechanics, which might lead to expec- rection. Smile height and thickness of the upper and

tations of a significant decrease in the buccal corridor, lower lips showed no statistically significant differ-

there was a statistically significant decrease only in the ences during the treatment. Thus, the thicker the lips,

right buccal corridor, between T and T,,and T and T.. the greater the improvement in smile esthetics.
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Central and lateral incisor’s crown exposure was
greater 3 and 6 months after expansion completion,
compared to T,, with statistically significant differ-
ences, which corroborates the work of Ackerman and
Ackerman.? This effect may have been produced by the
anterior and inferior displacement of point A, found
by many researchers after this procedure,>?*° since
there was no change in smile height or upper lip thick-
ness, which might influence this measure. Increases
in the amount of central and lateral incisor exposure
can also be linked to improvement in some aspects
given an increase in the perimeter of the dental arch
brought about by expansion. To illustrate this find-
ing, one can mention the dental arch form, the spon-
taneous correction of crowding and of lateral incisor
inclination, which were initially influenced by the
intra-bone canines. Regarding the possible influence
of growth on this result, the authors believe that this
factor had little or no influence on the increased ex-
posure of the incisors, whereas this increase occurred
only after palate splitting (between T, and T,) and this
change remained between the subsequent periods
(T,and T,) (Table 1). Thus, this study shows that RME
contributed to increased smile esthetics since ideally
there should be total or partial incisor exposure, i.e.,
the greater the incisor exposure, the more enhanced
the esthetics."® Exposures of less than 75% of the inci-
sor crown are considered non-esthetic.*

Another factor considered relevant to the analysis
of the smile is the amount of gingival display in the re-
gion of maxillary central incisors.>*#°?% According to
some authors, the lower the gingival display, the more
enhanced is smile esthetics. Although a slight tenden-
cy towards increased display of the gingival region of
the central incisors could be noticed, especially be-
tween T and T,, the differences were not statistically
significant throughout the treatment and therefore
did not influence smile esthetics in this sample.

Symmetry and smile arch

Alterations were found in the measurements of the
right side of the smile during treatment, with a statisti-
cally significant increase between T, and T,, and T, and
T,. However, smile symmetry was preserved between
the left and right sides at all times studied (T, T, and T,).
Another important aspect of smile esthetics is the rela-
tionship between the curvature of the incisal edges of
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maxillary anterior teeth and the curvature of the lower
lip, called smile arch. The smile arch is considered esthet-
icwhen there is parallelism between these two reference
lines.>*** To verify parallelism between the curvatures,
measurements were made between the incisal edges of
upper incisors and the corresponding points on the up-
per edge of the lower lip, and these measurements were
then compared. The greater the similarity, the greater
the perceived parallelism.

The distances between the incisal edges and the
lower lip showed, on average, the same behavior
throughout the treatment. The line formed by the in-
cisal edges of the maxillary incisors was not parallel to
the lower lip during treatment, whereas the distance
between the incisal edge of the right lateral incisor
and the lower lip was statistically higher than those of
the right and left central incisors.

Given that orthodontic treatment can modify
the smile, analyzing it is of utmost importance for
diagnosis and planning, and to enable profession-
als to pursue and achieve a more esthetic smile. The
author of this study therefore believes that learning
about the effects of orthodontic mechanics on the
smile by means of continued scientific endeavors
can be very fruitful as it allows a prognosis to be set
prior to starting the treatment, which can benefit the
patient’s facial esthetic. This study showed that RME
helped to improve the esthetics of the smile. It should
be emphasized, however, that other factors such as
type of malocclusion and facial pattern also influence
the patient’s smile esthetics. Therefore, depending on
the nature of the patient’s condition, RME alone may
not be sufficient to improve smile esthetics.

CONCLUSIONS

According to the results, it is reasonable to con-
clude that RME enabled:

A statistically significant increase in the trans-
verse dimension of the smile, while the buccal corri-
dor remained virtually unchanged.

» Anincrease in the amount of exposure of the up-
per incisors. However, the smile height and the thick-
ness of the upper and lower lips remained stable.

» Symmetry between the right and left sides was
preserved, as well as a lack of parallelism between the
curvature of the edges of the upper incisors and the
curvature of the lower lip.
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Esthetic perception and economic value of orthodontic appliances

by lay Brazilian adults

Daniela Feu', Fernanda Catharino?, Candice Belchior Duplat?, Jonas Capelli Junior*

Objective: To evaluate the esthetic perception of different appliances by Brazilian lay adults and its influence in
the attributed value of orthodontic treatment, considering evaluators’ socioeconomic status, age and gender.

Methods: Eight different combinations of orthodontic appliances and clear tray aligners were placed in a consent-
ing adult with pleasing smile. Standardized frontal photographs were captured and incorporated into a research
album. A sample of adults (n = 252, median = 26 years old) were asked to rate each image for (1) its attractiveness
on avisual analog scale and (2) the willingness to pay (WTP) for a cosmetic appliance when compared to a standard
metalic appliance and a clear tray aligner. Comparisons between the appliances’ attractiveness were performed us-
ing the Friedman’s test and Dann’s post-hoc test. Correlation between appliances’ attributed value, socioeconomic
status, age, gender, and esthetic perception was assessed using Spearman’s correlation analysis.

Results: Attractiveness ratings of orthodontic appliances varied significantly in the following hierarchy: Clear
aligners>sapphire brackets>self-ligating/conventional stainless steel brackets>and golden metal appliances. The
correlation between WTP and esthetic perception was week. However, for individuals with better socioeconomic
status and aged between 17-26 years old significantly, a significantly higher WTP was found.

Conclusion: Clear aligners and sapphire brackets with esthetic archwire were considered better esthetic options
in this sample. Nevertheless, patients were not willing to pay more money for appliances they deemed more es-

thetic, however, they were significantly influenced by their socioeconomic level and age.

Keywords: Orthodontic appliances. Esthetics. Corrective orthodontic treatment. Cost-benefit analysis.
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INTRODUCTION

During the past years, orthodontics has greatly
evolved regarding esthetic materials. Nowadays,
orthodontic brackets are becoming smaller and more
discrete; in addition, the esthetic appliances rep-
resent an alternative for patients that are reluctant
to use metallic appliances. Orthodontic appliances
have evolved according to public demand and avail-
able technology, especially with the underlying goal
of reducing the appliances’ visibility."* The esthetic
paradigm shift in dentistry, especially in orthodon-
tics, has shown the urgency to incorporate esthetics
to the functional goals and requirements of the orth-
odontic treatment,? leading to an increase in the de-
mand for orthodontic appliances even more incon-
spicuous. Therefore, this demand has been primarily
driven by the consumers’ desire for esthetic alterna-
tives and the competitiveness of the orthodontic in-
dustry and specialty.?

Innovations in the aesthetics of orthodontic ap-
pliances may also be a major factor in the increase in
adult patients’ acceptability to orthodontic treatment.
Patients considering to undergo orthodontic treat-
ment now have can choose from different appliances
currently available, including conventional stainless-
steel, ceramic, lingual and clear plastic aligners.' Even
though orthodontists can use these resources to in-
crease patients’ acceptability to orthodontic treat-
ment, few studies have evaluated the attributed value
of orthodontic appliances.*

A previous study assessing perceived orthodontic
appliance attractiveness indicated that adult patients
prefer less metal showing in their orthodontic appli-
ances and were less willing to accept treatment with
appliances they consider to be unesthetic.?* In the
same way, another study revealed that 67% of Swe-
den young adults would probably not or definitely not
wear visible appliances in spite of a functional treat-
ment indication; and there was also a rejection rate of
33% to conventional orthodontic treatment.” Another
aspect is the social perceptions of adults wearing orth-
odontic appliances, since the judgments concerning
their personal characteristics are influenced by dental
appearance and orthodontic appliance design.’

Just as a variety of social, cultural, psychological
and personal factors influence the self-perception
of dental appearance and the decision to undergo
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orthodontic treatment,”®® these factors may also
exert an important influence in the perception and
acceptability of different orthodontic appliances,
indicating that, different populations should be in-
vestigated. Understanding the factors involved in
the perception of different orthodontic appliances
in a particular population enables a better planning
of resources and strategies in the private practice,
since the appearance of orthodontic appliances
plays a significant role in patients’ decisions to un-
dergo orthodontic therapy.*

The preferences for appliances can also be evalu-
ated in terms of their attributed value to patients.'*"
The employment of the willingness-to-pay (WTP)
assessment technique has been increasing in differ-
ent areas , allowing to estimate the attributed value
of the health care technologies.” It is a way of mea-
suring value in monetary terms by a cost-benefit
analysis once it assigns monetary values to both costs
and outcomes of health care and calculates the net
benefit. WTP allows a monetary rating to be attribut-
ed to novel health care interventions or outcomes by
asking people how much they would pay to obtain the
benefits of a specific treatment. This value is set as
raters are asked to respond to a hypothetical, condi-
tional question - e.g., “what is the maximum amount
you would be willing to pay to access a new interven-
tion, existing the need to undergo treatment?” Such
a question is intended to elicit a monetary valuation
of the merit, worth or benefit which each subject as-
sociates with the specific intervention under consid-
eration. Although the same general question is asked
any WTP study, the question can be asked in various
formats to adapt to the study.”> When applied to or-
thodontics, this method may provide a way to deter-
mine the value of different appliances for patients of
different ages and sociocultural realities.?

The purpose of this study was to evaluate the es-
thetic perception of lay Brazilian adults on different
orthodontic appliances designs and its influence in
the attributed value of orthodontic treatment, consid-
ering raters’ socioeconomic status, age and gender.

MATERIAL AND METHODS

This research was approved by the ethics research
committee of Rio de Janeiro State University where
this study was performed.
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An adult volunteer was selected for receiving the
appliances and pictures capturing. Selection cri-
teria were: Well aligned teeth, proper gingival and
incisor display and the absence of strong gender
markers in the circum-oral region. The volunteer
was also asked to sign de informed consent. Digi-
tal image capture was made in frontal view with an
SLR camera (EOS Rebel T1, Canon, Oita, Japan)
equipped with a100 mm macro lens (Macro Lens EF
100 mm, Canon, Oita, Japan) and a ring flash (Mac-
ro Ring Light MR-14ex, Canon, Oita, Japan). Tra-
ditional metal brackets (Masel, California, USA),
self-ligated metal brackets (Tellus, Eurodonto,
Brazil), golden metal brackets (GAC International,
New York, USA) and sapphire esthetic orthodontic
brackets (Radiance, American Orthodontics, Wis-
consin, USA) were temporarily bonded to the dental
surfaces of the maxillary arch without acid etching.
For the simulated bonding of the appliances, Trans-
bond XT (3M Unitek, California, USA) adhesive was
used. A 0.020-in stainless steel archwire (GAC In-
ternational, New York, USA) was used as reference
for brackets positioning, allowing reproducibility
for placement of various bracket systems. Brack-
ets were bonded from upper right second molar
to upper left second molar. A clear tray was fabri-
cated and imaged to simulate clear tray alignment
systems such as Invisalign (Invisalign, Align Tech-
nology, California, USA). Two trays were produced:
One simulating attachments in front teeth (12 and
22 in vestibular side) and one with no attachments.
Attachments were transparent, rounded, and had
approximately a three millimeters radius.

Camera settings were manually set, and all in-
camera image enhancement features were turned
off to ensure images’ reproducibility. Lighting condi-
tions were constant for all images acquired.

All photographs of the volunteer’s smile were
performed in the natural head position, with the
aid of the cephalostat of the UERJ Dental Radiol-
ogy Clinics, thus ensuring the correct positioning
of the head. The ear positioners restricted excessive
lateral movement while the nasion positioner lim-
ited vertical movements. (Fig 1). The camera was at-
tached to a tripod and positioned at a fixed distance
of 110 cm in a straight line between the patient’s
face and the camera lens.

© 2012 Dental Press Journal of Orthodontics

Photos of the volunteer’s smile were obtained in
eight different situations: (1) With clear tray and at-
tachments, (2) with clear tray without attachments;
(8) with fixed traditional metallic brackets using
gray elastomeric ligatures and (4) green elasto-
meric ligatures (Morelli, Sdo Paulo, Brazil), (5) with
fixed metallic self-ligated brackets; (6) with fixed
golden orthodontic brackets and clear elastomer-
ic ligatures (American Orthodontics, Wisconsin,
USA); (7) with fixed esthetic brackets, clear elas-
tomeric ligatures (American Orthodontics, Wis-
consin, USA) and 0.020-in stainless steel archwire
(GAC International, New York, USA), as in all previ-
ous described situations, and (8) with fixed esthetic
brackets, clear elastomeric ligatures (American Or-
thodontics, Wisconsin, USA) and 0.018-in esthetic
nickel titanium coated archwire (American Ortho-
dontics, Wisconsin, USA). Image incorporation and
standardization was performed with Photoshop
(version 9.0, Adobe, California, USA).

The photo album was composed of three sheets of
photo-quality color prints. Each sheet had 29.7 cm x
21 cm. The first sheet comprised eight images, with
all compositions of orthodontic appliances described

Figure 1- Volunteer positioned in the cephalostat.
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above randomly grouped in a grid and labeled with
letters A to H (Fig 2). Each photograph had a 10 cm
x 5 c¢m size. The second and third sheets was com-
posed of two pictures each and had the purpose of
evaluating the monetary value of the apparatus. The
second sheet (Fig 3) had a picture of the traditional
fixed metallic appliance labeled “Picture A” and one
of a fixed esthetic appliance labeled “Picture B”. The
third sheet had a picture of a fixed esthetic appliance
labeled “Picture A” and one of the clear tray aligner
labeled “Picture B” (Fig 4). These sheets also had
29.7 cm x 21 cm, and each picture had 10 cm x 5 cm.

Eligibility to participate in the survey included
any willing adult from 17 to 63 years old who had
never undergone orthodontic treatment with brack-
ets or aligners, was not a dentist or a dental student,
was at the University campus in the four days of data
collection and signed the informed consent form.

Two trained and blinded dental students col-
lected the data. All surveys included a demographic
and socioeconomic status information forms, in-
structions, the image-rating scales and the album.
Socioeconomic status was measured with the “Bra-
zil Economic Classification Criteria”,'®* which clas-
sifies people into eight socioeconomic categories
according to the educational level of the head of the
household and the ownership and consumption of
common goods and services (e.g., VCRs, DVDs, col-
or TVs, housekeeper).

Each rater (n = 252) received the album contain-
ing the smiles’ photographs and arating sheet with a
100 mm visual analog scale (VAS). The straight lines
on the left side indicated “very unattractive” and, on
the right side, “very attractive.” The subjects were
presented the images that should be rated (Fig 2)

Table 1 - Box representing how much more raters would pay for Picture B
appliances, ranging from US$50 to US$3500, in sheets 2 and 3.

[ 1US$50 [ JUS$1000
[ JUS$100 [ JUS$1500
[ ] US$200 []US$2500
[ 1US$250 [ JUS$3500
[ JUS$500 [ 1 None of the above. | would

prefer picture A appliance
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and instructed to use the VAS. They were also told
not to compare the album smiles. After the attrac-
tiveness evaluation, questions were asked to deter-
mine the perceived value of cosmetic orthodontic
appliances by using the WTP method.

The questions were directed to the evaluation
of sheets 2 and 3. The rater received these instruc-
tions: “Assume the appliances in picture B are more
expensive than those in Picture A. How much more
would you be willing to pay for them to be placed on
your teeth?” After that question, a second question
asked how much more money the rater would be
willing to pay to have Picture B appliances placed on
“your child’s teeth”. The rater could check a box to
represent the amount he or she would pay for Pic-
ture B appliances, ranging from US$50 to US$3500
(Table 1). Alternatively, if the rater would not pay
additional money for the appliances in Picture B,
the option: “None, I would prefer Picture A appli-
ance” could be chosen. The procedure was repeated
for sheets 2 (Fig 3) and 3 (Fig 4).

The scores were measured by a calibrated den-
tist using a digital caliper (MGF 505646, Mitutoyo,
Tokyo, Japan) that was positioned on the left-most
point of each line of the visual analog scale and
opened to the mark made by the rater. Values in mil-
limeters were registered as scores.

Statistical analysis

Sample size calculation showed that a total of
252 individuals would provide a 80% probability to
the study of detecting a treatment difference at a
one-sided 0.05 significance level, if the true differ-
ence between treatments is 0.30 times the standard
deviation.®? The VAS scores were evaluated by intra-
class correlation coefficient (ICC) with 95% upper
and lower confidence bounds. For the WTP respons-
es, the weighted kappa statistic was applied. Twenty
subjects from the same University Campus, which
were not included in the study group, were used to
test the intrarater reliability. The interviews were re-
peated seven to ten days latter.

Descriptive statistics for perceived attractive-
ness VAS ratings were calculated. The Kolmogorov-
Smirnov test showed lack of normality of distribu-
tion and heteroscedasticity for all groups except
for sapphire esthetic brackets with metal wire.
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Comparisons of groups’ attractiveness were carried
out using nonparametric statistics with the Fried-
man test (analysis of variance [ANOVA] on ranks
for repeated measures) followed by Dann’s multiple
comparison post-hoc test (GraphPad Prism 5 soft-
ware). The correlation between the economic value
(WTP), socioeconomic status, age, gender and esthet-
ic perception was calculated by using the Spearman
correlation analysis and represented with the r value.
Raters’ ages were divided at the median (26 years) to
assess whether it could influence the results.
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Figure 2 - Images employed for attractiveness
evaluation (first sheet): A) Sapphire esthetic
brackets with metal archwire; B) clear tray
with attachments ; €) golden metal brackets;
D) self-ligated metallic brackets; E) traditional
metallic brackets; F) sapphire esthetic brack-
ets with esthetic archwire; G) clear aligner
and H) traditional metallic brackets with green
elastomeric ligatures.

Figure 3 - Images captured for the first WTP
evaluation (second sheet): A) Traditional me-
tallic brackets; B) sapphire esthetic brackets
with metal archwire.

Figure 4 - Images captured for the second
WTP evaluation (third sheet): A) Clear align-
er with attachments; B) sapphire esthetic
brackets with metal archwire.

RESULTS

Intraexaminer reliability was high for attractive-
ness assessment: Mean ICC = 0.83 (95% CI, 0.78-0.99)
andforattributed value assessments: Kappa, 0.89 [95%
CI, 0.81-0.98], indicating substantial consistency."*

The median for raters’ age was 26 years old (IR=
22-40) and the socioeconomic status is described
in Table 2. Descriptive statistics for the perceived
attractiveness VAS ratings of sheet 1 are reported
in Table 3 and Figure 5. Higher VAS scores (scored
0-100) indicate greater appliance attractiveness.
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The clear aligner without attachments had the best
evaluation scores, followed by the sapphire brack-
ets with esthetic wire and then by the clear aligner
with attachments. The golden metal brackets re-
ceived the worse scores. The data show a general
score hierarchy, with decreasing attractiveness as
the amount of displayed metal increases, and wors-
ening with the golden version.

Appliances perceived attractiveness for males
and females was compared, showing significant dif-
ference between them, and it is described in Figure 6
and Table 4. Men showed a general tendency to as-
sign lower scores than women. Similarly, there was a
significant difference in the perception of groups of
17-26 years and 27-63 years of age, which is shown in
Figure 7 and Table 5.

The correlation assessment between the attrib-
uted value (WTP) and the esthetic perception of the
metal brackets with gray elastomeric ligatures (option
A) in comparison with sapphire brackets with metal
archwire (Option B) in sheet 2 revealed a weak but
significant correlation regarding the raters them-
selves, and an even weaker and non significant re-
sult for their child. For the sapphire brackets with
metal archwire (Option A) in comparison with the
clear aligner with attachments (Option B) in sheet 3;
there was also a weak but significant correlation for
the raters themselves, with similar results for their

Table 2 - Sample description.

child (Table 6). Comparison between genders regard-
ing WTP (Table 7) showed similar results to the total
sample, with more significant results for sheet 3, with
a slight tendency for women to pay less for appliances
they considered more esthetic.

In sheet 2, the correlation between WTP and age
showed a weak and non-significant correlation for
the two age groups (Table 8). However, younger sub-
jects (17-26 years) showed a tendency to pay more for
the aligner in sheet 3. Correlation was significant and
moderate.* Socioeconomic status had a significant
correlation, showing that as better is the socioeco-
nomic status, as higher is the WTP for an esthetic ap-
pliance (Table 9). Correlation was similar and statisti-
cally significant for sheets 2 and 3.

DISCUSSION

Adult patients display pronounced different atti-
tudes to the type of appliance they wear."” They have
indicated embarrassment and bashfulness,' arising
from the presence of a perceptible appliance, and
negative peer reaction,” especially from their part-
ners, as discouraging aspects of treatment. The per-
ception of young adults undergoing orthodontics by
others is particularly important for major life events
such as employment and finding a partner. Therefore,
an orthodontic appliance with the most positive social
assessment would favor patient acceptance.®

AGE (n = 252) ;:::::: Perzci:ﬁ:ile median Pel?cizotile
31 1.2 17 22 26 40 63
GENDER (n = 252) Frequency Percentage
Male 152 60.3

Female 100 39.7
SOCIOECONOMIC STATUS (n = 252) Frequency Percentage
Al 6 24
A2 61 24.2
B1 62 24.6
B2 68 269
Cl 42 16.6
C2 10 39
D 3 12
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Table 3 - Statistical comparison of the VAS ratings representing attractiveness evaluation with Friedman ANOVA for repeated measures (p < 0.001) and
Dunn's post-hoc test.

Median 25% Percentile 75% Percentile
A) Sapphire brackets with metal archwire 542 38 70
B) Clear aligner with attachments 68° 375 83
C) Golden metal brackets 17° 75 395
D) Self-ligated metal brackets 30° 15 485
E) Metal brackets with gray ties 34° 20 53.5
F) Sapphire brackets with esthetic archwire 69°¢ 53 825
G) Clear aligner without attachments 81° 55 92
H) Metal brackets with green ties 29b 13 50

* Distinct superscripts indicate statistical significance.

150 ]

(%]
°0
£
T 100 A A) Sapphire brackets with metallic archwire
2 B) Clear aligner with attachments
= C) Golden metal brackets
| D) Self-ligating metal brackets
c 50 + E) Metal brackets with gray ties
5 F) Sapphire brackets with esthetic archwire
o) G) Clear aligner without attachments
> H) Metal brackets with green ties

0 T T T T T T f T Figure 5 - Descriptive VAS ratings represent-

A-B C D E F G H ing attractiveness evaluation for each appli-
ance type.

Table 4 - Statistical comparison of the VAS ratings representing attractiveness evaluation with Friedman ANOVA for repeated measures (p < 0,001) and
Dunn'’s post-hoc test by gender.

Males (n = 152)

VAS Median 25% Percentile 75% Percentile
A) Sapphire brackets with metal archwire 532 40 67
B) Clear aligner with attachments 66.52° 38 83
C) Golden metal brackets 15.5¢ 5 4275
D) Self-ligated metal brackets 30¢d 14 4775
E) Metal brackets with gray ties 34¢e 20.25 54
F) Sapphire brackets with esthetic archwire 680 53 84.5
G) Clear aligner without attachments 76f 48.25 92
H) Metal brackets with green ties 29 el 13.25 50

Females (n = 100)

VAS Median 25% Percentile
A) Sapphire brackets with metal archwire 5320 36 74
B) Clear aligner with attachments 712¢ 38 85
C) Golden metal brackets 20¢ n 38
D) Self-ligated metal brackets 314 18 50
E) Metal brackets with gray ties 32¢ 19 52
F) Sapphire brackets with esthetic archwire 71° 51 81
G) Clear aligner without attachments 83¢ 63 93
H) Metal brackets with green ties 27¢ n 50

* Distinct superscripts indicate statistical significance.
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Figure 6 - Descriptive VAS ratings representing attractiveness evaluation for appliance type by gender.
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Figure 7 - Descriptive VAS ratings representing attractiveness evaluation for appliance type by age.

Table 5 - Statistical comparison of the VAS ratings representing attractiveness evaluation with Friedman ANOVA for repeated measures (p < 0,001) and
Dunn'’s post-hoc test by age.

17 - 26 years (n = 128)

VAS Median 25% Percentile 75% Percentile
A) Sapphire brackets with metal archwire 522 39 67
B) Clear aligner with attachments 72 42 84
C) Golden metal brackets 15 5 31
D) Self-ligated metal brackets 878 16 51
E) Metal brackets with gray ties 36¢ 23 55
F) Sapphire brackets with esthetic archwire 6804 56 81
G) Clear aligner without attachments 83¢ 63 95
H) Metal brackets with green ties BilS 16 47

27 - 63 years (n = 124)

VAS Median 25% Percentile 75% Percentile
A) Sapphire brackets with metal archwire 542 36 75
B) Clear aligner with attachments 6320 335 835
C) Golden metal brackets 22¢ 9 535
D) Self-ligated metal brackets 27¢ 1.5 435
E) Metal brackets with gray ties 29¢ 15 52
F) Sapphire brackets with esthetic archwire 7024 47 85
G) Clear aligner without attachments 7504 48 91.5
H) Metal brackets with green ties 26° 10 57

* Distinct superscripts indicate statistical significance.
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Table 6 - Spearman rank correlation coefficients and p values between VAS score differences and attributed value (WTP).

Total sample (n = 152) Attributed value (WTP) Attributed value (WTP)

SHEET 2 Personal attributed value Children attributed value
Difference VAS score A (Sapphire brackets with metal 0.141* 0.090
archwire) - VAS score E (Metal brackets with gray ties) (p =0.021) (p=0143)
SHEET 3 Personal attributed value Children attributed value
Difference VAS score A (Sapphire brackets with metal -0.211** -0.217**
archwire) - VAS score B (Clear aligners with attachments) (p<0.001) (p<0.001)

*p <0.05; **p < 0.01.

Table 7 - Spearman rank correlation coefficients and p values between VAS score differences and attributed value (WTP) by gender.

Males (n = 152) Attributed value (WTP) Attributed value (WTP)
SHEET 2 Personal attributed value Children attributed value
Difference VAS score A (Sapphire brackets with metal 0,141 0,070
archwire) - VAS score E (Metal brackets with gray ties) (p=0,067) (p=0,364)
SHEET 3 Personal attributed value Children attributed value
Difference VAS score A (Sapphire brackets with metal -0,340** -0,289**
archwire) - VAS score B (Clear aligner with attachments) (p<0.001) (p <0.001)
SHEET 2 Personal attributed value Children attributed value
Difference VAS score A (Sapphire brackets with metal 0.143 0.130
wire) - VAS score E (Metal brackets with gray ties) (p=0.162) (p=0.205)
SHEET 3 Personal attributed value Children attributed value
Difference VAS score A (Sapphire brackets with metal -0.224* -0.213*
wire) - VAS score B (Clear aligner with attachments) (p=0.027) (p=0.036)

*p <0.05; **p < 0.01.

Table 8 - Spearman rank correlation coefficients and p values between VAS score differences and attributed value (WTP) by age.

17 - 26 years (n = 128) Attributed value (WTP) Attributed value (WTP)
SHEET 2 Personal attributed value Children attributed value
Difference VAS score A (Sapphire brackets with metal 0.161 0.089
archwire) - VAS score E (Metal brackets with gray ties) (p=0.064) (p=0.309)
SHEET 3 Personal attributed value Children attributed value
Difference VAS score A (Sapphire brackets with metal -0.370** -0.311**
archwire) - VAS score B (Clear aligner with attachments) (p <0.001) (p<0.001)
27 - 63 years (n = 124) Attributed value (WTP) Attributed value (WTP)
SHEET 2 Personal attributed value Children attributed value
Difference VAS score A (Sapphire brackets with metal 0.093 0.048
archwire) - VAS score E (Metal brackets with gray ties) (p=0.293) (p=0.588)
SHEET 3 Personal attributed value Children attributed value
Difference VAS score A (Sapphire brackets with metal -0.218* -0.234**
archwire) - VAS score B (Clear aligner with attachments) (p=0.013) (p <0.001)

*p < 0.05; **p < 0.01.
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Table 9 - Spearman rank correlation coefficients and p values between socioeconomic status and attributed value (WTP).

n =252 Attributed value (WTP) Attributed value (WTP)
SHEET 2 Personal attributed value Children attributed value
Socioeconomic status 0.367 o1e4™
(p<0.001) (p<0.001)
SHEET 3 Personal attributed value Children attributed value
Socioeconomic status 0.375™ o172
(p<0.001) (p <0.001)

*p < 0.05; **p < 0.01.

For this reason, this study’s findings have direct
clinical implications for the orthodontics practice.
Orthodontists must choose between available ap-
pliances to provide options that are acceptable to
patients and work in harmony with their biome-
chanical philosophy. This study showed that there
were four general preference levels regarding types
of appliances based on their appearance: 1) Clear
aligners are preferred over sapphire appliances,
except when attachments are present on anterior
teeth; 2) In these cases, sapphire appliances with
esthetic wires are preferred over the clear trays, but
this was not statistically significant; 3) Sapphire
brackets with both archwires are also preferred
over stainless steel, but among those, traditional
metal brackets with gray ties were preferred over
self-ligated brackets and over metal brackets with
green ties; 4) Golden metal brackets had the worse
esthetic perception in this sample.

In the present study, all raters were University
students or employees. This could have introduced
bias into the results; especially with regard to their
cultural and social background.* This was the main
reason to apply a socioeconomic survey that allowed
investigating whether it would influence the results.
The survey showed that this sample was homoge-
neously distributed between the status A2, Bl, B2
and C1 and socioeconomic status did not influence
the esthetic perception of the appliances. However, it
did influence the WTP for a more esthetic appliance.

Another issue worth discussing was the brack-
ets positioning, which in spite of the 0.020-in arch-
wire used as reference, showed minor variations.

© 2012 Dental Press Journal of Orthodontics
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However, it is most likely that these minor varia-
tions did not significantly impact our findings, es-
pecially because all appliances were installed on a
model with well-aligned teeth. Although this situ-
ation might not represent the clinical appearance
of these appliances during the early stages of treat-
ment, well-aligned teeth were chosen to reduce
variables that could distract from the evaluation of
appliance esthetics and allow a more accurate com-
parison with the results of previous studies.

A similar study was recently carried out,’ inter-
estingly, however, no significant differences were
found between metallic, golden, and ceramic brack-
ets for any of the assessed sample. Golden appliances
are not widely used, leading the authors to believe
that this may have influenced the results, since raters
would not be able of identifying it properly Neverthe-
less, the present study showed that this brackets had
the worse esthetic perception in the studied popula-
tion. According to Jeremiah et al, the clear aligner
also had the higher attractiveness ratings. These
findings indicate that a reduced appliance visibility
appears to be the standard for social acceptance, cor-
roborating our findings. In the present study, when
the clear aligner was noticed, due to the presence of
anterior attachments, it became less attractive than
ceramic brackets. However no other study has pre-
viously evaluated the perception of anterior attach-
ments, therefore, these results cannot be compared
with other population.

Roswall et al® and Ziuchkovski et al* also evaluat-
edappliances’esthetic perception and obtained sim-
ilar results when compared with the present study.
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The authors found that the overall trend in appli-
ance attractiveness seems to relate to the amount of
visible metal. Clear tray appliances with no visible
metal received the highest ratings in attractiveness.
Authors believe that this could explain why alter-
native orthodontic appliance systems such as clear
tray aligners have grown in popularity.’”® In fact,
the present study and other three®*¢ researches
have shown similar results about clear tray align-
ers. Besides the positive esthetic perception and the
increasing consumer and professional demand for
such appliances, questions regarding this system’s
efficacy requires further research, since there is
still much to learn about its biomechanics.'*2°

A possible reason for the marked differences in
the results shown by Jeremiah et al® and Ziuchkovski
et al,* Roswall et al,® and the present study, regard-
ing the perception of esthetic and metal brackets is
that Jeremiah et al® used standardized full-face pho-
tographs of a young adult female, whereas the other
studies used smiles with no strong gender markers
in the circum-oral region. The findings from Berto
et al,» who also used standardized lateral full-face
close-ups photographs (modified by adding appli-
ances) of a young female adult, differ from all studies
discussed above. In their study, Brazilian laypeople
perceived a smile with an esthetic appliance as sig-
nificantly less attractive than a smile with a metal
appliance or with no appliance. This could have been
caused due to a different perception of the sapphire
appliance, used in the present study, and the ceramic
appliance, used in Berto et al* and Jeremiah et al®
studies. On the other hand, this possibility is ques-
tionable once Roswall et al® and Ziuchkovski et al*
also used ceramic brackets and found results that
corroborates the present study.

It is important to know whether the attractiveness
of a smile is influenced by the type of photographic
framing used in the analysis. In addition, one must an-
alyze methodologies that might influence the results
achieved, such as, the order and fashion of presenting
the photographs and the scale used to evaluate the per-
ception.?? Some authors believe that facial structures,
such as nose and chin, may act as confounding factors,
asmyalsohappenwith gender markers apparentin the
smile, and therefore influence the smile evaluation.?
The model’s gender is very influential when grading
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smiles attractiveness, as was found by Thomas et al.**
The use of a Lickert scale to rank esthetic perception
and a structured questionnaire about characteristics
strongly associated with the model’s physical appear-
ance may also have influenced the results of Jeremiah
et al,® since all other studies used a VAS scale.

Similarly, the sample’s characteristics can also be
related to differences in findings. In this study, raters’
age and gender influenced attractiveness perception
of the appliances. Younger patients (17-26 years old)
evaluated sapphire appliances and clear aligners more
positively, i.e. with highest scores, and golden and me-
tallic brackets with green ties with worse scores than
patients aged 27-63 years. Regarding gender, men
showed a general tendency to assign lower scores than
women for all evaluated appliances. Male subjects
rated sapphire appliances and clear aligners without
attachments statistically equal. On the other hand, for
women there was no difference between clear align-
ers with and without attachments, conversely to what
happened to men who perceived attachments nega-
tively. Metallic brackets with gray and green ties and
also self-ligated metal appliances were similar for
women, but gold metal brackets had worse evaluation.
Men also perceived metal brackets differently, consid-
ering only traditional metal appliances with gray ties
more attractive than the others. Walton et al*® also
found significant differences in esthetic perception of
appliances between genders and different age groups.

WTP method was used to evaluate the attributed
value of various orthodontic appliances by means of
a cost-benefit analysis. The WTP was assessed us-
ing the payment scale method, described in Table 1,
rather than an open-ended format due to the study
design and also because no difference was found be-
tween these two methods in previous studies.?

The correlation between the attributed value
(WTP) and the esthetic perception was weak, and
showed that despite raters’ preference for esthetic
appliances, they would not be willing to pay more
for clear tray and sapphire appliances according to
the simulations made in sheets 2 and 3. Their socio-
economic status was significantly correlated with
these results: The higher the socioeconomic status,
the more raters were willing to pay for treatment
with the appliances, as observed in the results for
sheets 2 and 3.
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This may be the reason for the different result
found by Roswall et al,® in which sample, raters
with higher socioeconomic status responded with
the highest WTP values for lingual appliances and a
clear tray aligner. In another socioeconomic reality,
different results may be found in Brazilian samples,
therefore indicating that more studies are neces-
sary to further conclusions regarding the subject.
Therefore, it is important to note that this study’s
results cannot be indiscriminately applied to other
cultural groups, with socioeconomic differences.
These aspects must be analyzed and considered in
this kind of analysis. When patients declared they
would pay more for the esthetic appliances, adults
were equally willing to pay more for appliances they
deemed more desirable for their children too.

Gender had no significant influence on WTP, how-
ever, male subjects had a greater trend to pay more
for treatment with a clear aligner. However, age had a
significant influence in WTP for appliances compared
in sheet 3, with younger patients being significantly
more willing to pay more for a clear aligner. Similarly,
attractiveness analysis was also influenced by age, as
previously described. Walton et al*® evaluated children
and adolescents and found that they also showed high
preference for clear tray aligners. However, following
the aligners, child preferred metal appliances with
colored ties above all other options. This was an op-
posite perception when compared to adults’ rates and
suggests that the comparison between different age
groups influenced appliances’ perceived esthetics and

© 2012 Dental Press Journal of Orthodontics

13

could also have an effect on the attributed value. How-
ever, more studies comparing different age groups are
required for definitive conclusions on the subject.

CONCLUSION

Orthodontic appliance attractiveness varied
significantly by the following hierarchy of appli-
ance types: Clear tray aligners > sapphire brackets
> stainless steel traditional and self-ligating brack-
ets > golden metal appliances. Metal appliances,
commonly used in orthodontic practice, were con-
sidered unattractive, while clear aligners and sap-
phire appliances were considered better esthetic
options. Nevertheless, patients are not willing to
pay more for appliances they deem more esthetic.
On the other hand, socioeconomic status and age
was significantly correlated with WTP. Higher so-
cioeconomic level and age between 17 and 26 years
old were significantly correlated with the willing-
ness to pay more for an esthetic appliance. Gender
was not significantly correlated with WTP. These
data show that results could vary depending on the
studied sample. Therefore, a socioeconomic and age
analysis is mandatory in this kind of study.
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Influence of different width/height ratio of maxillary anterior
teeth in the attractiveness of gingival smiles

Ana Carolina Guimaraes Borges', Mayra Reis Seixas?, Andre Wilson Machado?

Objective: To evaluate, among laypersons and orthodontists, the influence of the width/height proportions of up-
per anterior teeth on the smile attractiveness, in photographs of close up smile from three adult Caucasian women,
with 4 mm of gingival exposure.

Methods: The photographs of close up smiles were digitally manipulated and six images were created from each
smile with teeth’s width/height proportions in 65%, 70%, 75%, 80%, 85% and 90%. Then, all these images were
manipulated again and a black mask covering all teeth from the lower arch was created. The figures were then
assessed by 60 evaluators, 30 orthodontists and 30 laypersons, who assigned, in a visual analog scale, the level of
attractiveness of each image.

Results: The obtained results, in general, showed that the proportions of 75%, 80% and 85% received the highest
scores while the proportion of 65% received the lowest scores, for both groups of examiners (p < 0.05). When or-
thodontists and laypersons were compared, it was not found, in most situations, a significant statistical difference
between their assessments (p > 0.05). Yet, the comparison between scores assigned to smiles with and without in-
ferior teeth showed that, for all situations, there was no statistically significant difference between them (p > 0.05).

Conclusion: For patients with gingival smile, the width/height proportions of upper anterior teeth considered
more esthetic were the ones of 75%,80% and 85% for laypersons and orthodontists, and the presence or absence of

inferior teeth did not affect the attractiveness level of the assessed smiles.
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INTRODUCTION

Nowadays, the number of adults seeking esthetic
treatment is high. Many times inspired by beauti-
ful smiles of artists from the media, patients show
more and more interest in treatments that improve
the smile’s esthetic.! Generally, the literature sug-
gests that the ideal smile should not present gingival
exposure*® or only little exposure of this tissue.”°
Although this information is well accepted in litera-
ture, a quantification of this little gingival exposure is
a point of great scientific and clinical discussion. How
many millimeters of gingival exposure will be consid-
ered non- esthetic?

The classic work published by Kokich et al" showed
that smiles with gingival exposure of 4 mm were con-
sidered, by laypersons, less attractive. Recent studies
confirm these findings, showing that large levels of
gingival exposure on the smile are highly detrimental
to the smile’s esthetic.'>!#22

This way, one can observe the need to treat the
gingival smile to optimize the esthetic result of orth-
odontic treatments. This problem presents multi-
factorial etiology such as: Maxillary vertical excess,
hyperactivity and reduced length of superior lip and
changes on the heights of the upper anterior teeth’s
clinical crowns."* And therefore, the treatment is
quite diversified.

From a clinical view, due to the need for individu-
alization of the esthetic parameters for patients with
gingival smile, the following questioning can be made:
Would gingival smile patients, already considered
non-esthetic, have as width/height ideal proportion
of upper anterior teeth, the same as patients with
ideal smiles? In other words, could the modification
of width/height proportion of upper anterior teeth af-
fect the attractiveness of these smiles?

These questioning came up because, after orth-
odontic treatment of some patients, increasing the
size of upper anterior teeth by cosmetic increment of
the incisal edges, it was noticed a possible disguise of
the gingival smile. Actually, patients reported a sense
of reduction on the amount of gingival exposure.

Beside this aspect, it is known that modifying the
width/height proportion of upper anterior teeth, the
level of exposure of inferior teeth may also be altered.
Thus, another question arises: Does the modification
of width/height proportion of upper anterior teeth,

© 2012 Dental Press Journal of Orthodontics

16

exposing more or less the inferior teeth, affect the lev-
el of attractiveness of the smile’s esthetic?

These questions were explored in this study which
objective was to evaluate the influence of altering
width/height proportions of upper anterior teeth on
the attractiveness of three female smiles with 4 mm of
gingival exposure.

MATERIAL AND METHODS

A photograph of close up smile was used from
three adult Caucasian women between 25 and
33 years old. The selected photographs had good
smile’s esthetic, absence of restoration procedures
on upper anterior teeth and presented a minimum
gingival smile of 4 mm.

After selection, images were edited and manipu-
lated with the aid of Adobe® Photoshop® software CS4
(Seattle, USA). Initially they were paired to assure vi-
sualization in magnification of 1:1, i.e., during assess-
ment, one millimeter on the image was equivalent to
one millimeter on the real patients. For that, it was
used the measurement of the clinical crown’s height
of the upper central incisors from the study model.

Then, the images were edited to correct bright-
ness, contrast, color adjustment and removal of
eventual stains or marks that could affect the assess-
ment process. Also, one side of the smile was selected
for maintenance and/or creation of some inclusion
criteria such as: (A) Gingival exposure of 4 mm;"
(B) leveled gingival margins of canine and central in-
cisor;'>1¢ (C) gingival margin of lateral incisor 0.5 mm
below margin of central and canine'; (D) incisal
edge of lateral incisor 1 mm above the central incisor
edge;"” (E) central incisor length of 10 mm and width
of 8 mm creating a height/width proportion of 80%;'®
(F) adequate smile curvature with the edges of upper
anterior teeth contouring the lower lip.' This way,
three new images were created, one for each patient,
and called standard images.

These images were then manipulated to create
different proportions of upper anterior teeth. For
the first proportion, of 80%, the image was mirrored
creating perfectly symmetric sides. Five new width/
height proportions of central incisors were created:
65%, 70%, 75%, 85% and 90%. For that, based on
these proportions, the central incisor length of one
side was altered (increased or reduced) and lateral
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and canines were also modified (in same magnifica-
tion) to maintain the characteristics previously de-
scribed. These five new images were also mirrored to
maintain the images’ symmetry eliminating another
possible bias in the assessment.

As a result of this process, six images were cre-
ated, with six different width/height proportions
of upper anterior teeth, for each patient, totaling 18
images (Fig 1).

All images were manipulated once again to re-
move lower teeth creating a black mask over this re-
gion (Fig 2) totaling another 18 images. From that it
was possible to evaluate, initially, the different width/
height proportions considering different levels of low-
er teeth exposure and then excluding this variable.

After this process, an album was assembled, with
six sheets, in photographic paper Fujicolor Crystal Ar-
chive Paper® (Fujifilm do Brasil Ltda., Manaus, Brazil)

Figure 1- Example of figures diagramming, for one of the used smiles, with the six width/height proportions assessed, displaying inferior teeth: A) 65%;

B)70%; €)75%; D)80%; E)85% and F)90%.

Figure 2 - Example of figures diagramming, for one of the used smiles, with the six width/height proportions assessed, without displaying inferior teeth
(black mask): A) 65%; B)70%: €)75%; D)80%; E)85% and F)90%.

© 2012 Dental Press Journal of Orthodontics
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size A4 (21.0 cm x 29.7 cm). Each sheet displayed the
six smile images, of the same patient, with the dif-
ferent proportions. The images disposition was ran-
domly defined, by draw, given that each patient pre-
sented the sequence of six smiles photos displaying
all teeth followed by the photos of the same smiles,
now with the mask.

The images were subjected to assessment from
30 orthodontists properly enrolled at the Brazil-
ian Association of Orthodontics and Facial Ortho-
pedics and 30 lay people, with graduate level for
evaluation of the attractiveness level of each im-
age. Along with the album, each evaluator received

a form containing printed simulations with visual
analog scales (VAS).

The scales were configured presenting an as-
cending order of quality from the left to the right.
To each evaluator it was explained that it was pos-
sible to mark the point in any region of the rule. The
visual analog scales'>1319222526 had 10 cm and on the
left end it was written “VERY BAD” and on the right
end “VERY GOOD”. The center was marked to give
the evaluator the notion of regular.

After images analysis, the distance between the
mark assigned by the evaluator and the left end in
all scales, was measured with a digital caliper rule

Table 1- Mean and standard deviation of patient’s 1 smile attractiveness level with presence of inferior teeth.

Laypersons

TG Orthodontists
SD Results*
65% 20.05 10.92 @
70% 28.86 1413 B
75% 4015 17.35 A
80% 38.94 2018 A
85% 34.6 18.46 A.B
90% 28.47 17.51 B

sp S Difference
38.55 21.23 B
46.31 22.03 A. B
4591 22.07 A.B **
54.32 18.58 A
46.00 18.56 A B
40.89 17.69 B

*Smiles with the same letters do not differ (p < 0.05). ** Statistically significant difference between the two groups of evaluators (p < 0.05).

Table 2 - Mean and standard deviation of patient’s 2 smile attractiveness level with the presence of inferior teeth.

R Orthodontists
SD Results*
65% 22.88 15.84 B
70% 32.30 19.57 A.B
75% 38.79 18.91 A
80% 36.02 20.06 A
85% 38.59 2216 A
90% 35.83 20.90 A

Laypersons .
T g Difference

34.36 2499 B

4517 21.83 A.B

55.19 19.52 A

48.01 16.44 A.B

51.95 16.67 A

44.87 16.64 A.B >

*Smiles with the same letters do not differ (p < 0.05). **Statistically significant difference between the two groups of evaluators (p < 0.05).

Table 3 - Mean and standard deviation of patient's 3 smile attractiveness level with the presence of inferior teeth.

Orthodontists
Overbite Smile

Laypersons

sD Results*
65% 24.39 15.05 @
70% 30.38 15.88 B.C
75% 35.32 17.05 A.B
80% 44.83 16.53 A
85% 40.73 17.41 A.B
90% 35.40 17.40 A.B

D —— Difference
23.96 19.57 B
34.60 2177 A.B
43.81 24.85 A
44.66 24.87 A
3914 19.07 A
37.83 24.32 A

*Smiles with the same letters do not differ (p < 0.05). **There was no statistically significant difference between orthodontists and laypersons (p < 0.05).
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Zeusan® (Zeusan, Campinas, Brazil) and were used RESULTS

as measure, in millimeters, of the attractiveness On Table 1, it is possible to observe mean and
level of each assessed image corresponding to each standard deviation of orthodontists’ and laypersons’
evaluator’s score.’*'® The data from each survey assessment for the smile of patient 1. According to
were compiled in a spread sheet, using Minitab soft- orthodontists, the scores assigned to smiles with pro-
ware version 14® (Minitab Inc., State College, EUA), portions of 75%, 80% and 85% were the highest ones
and received statistical treatment. It was applied and did not show statistically significant difference
ANOVA test and Tukey post test to perform com- with one another. The proportion of 65%, on the other

parison between smiles with different proportions. hand, obtained the lowest scores. According to layper-
For comparison between both groups of evalua- sons’ opinion the highest scores were the proportions
tors and between smiles with and without the black 70%,75%, 80% and 85% and they did not show statisti-
mask, student t test was used. For all analysis, a sig- cally significant difference with one another. The pro-
nificant level of 5% was used portions of 65% and 90% presented the lowest scores.

Table 4 - Mean and standard deviation of patient’s 1 smile attractiveness level with and without black mask covering the lower teeth, for both groups of

evaluators.
Overbite Smile With black mask Overbite Smile With black mask
Different ) .
. Orthodontist Orthodontist Laypersons Laypersons
proportions

Mean SD Mean SD Mean SD Mean SD
65% 20.05 10.92 25.60 16.22 0.126 38.55 21.23 31.67 22.05 0.223
70% 28.86 1413 2578 16.44 0.440 46.31 22.03 47.89 22.84 0.786
75% 40.5 17.35 35.35 19.72 0.321 4591 22.07 50.42 21.28 0424
80% 38.94 20.18 41.41 18.57 0.623 54.32 18.58 52.94 16.85 0.764
85% 34.6 18.46 39.13 21.39 0.384 46.00 18.56 47.86 17.55 0.692
90% 28.47 17.51 30.93 15.06 0.562 40.89 17.69 41.40 22.97 1.000

Table 5 - Mean and standard deviation of patient’s 2 smile attractiveness level with and without black mask covering the lower teeth, for both groups of
evaluators.

. Overbite Smile With black mask Overbite Smile With black mask
p::;?rl;ei:;s Orthodontist Orthodontist Laypersons Laypersons

Mean SD Mean SD Mean SD Mean SD
65% 22.88 15.84 26.18 17.95 0.453 34.36 24.99 4818 2359 0.032
70% 32.30 19.57 31.10 2236 0.825 4517 21.83 53.26 22.60 0.164
75% 38.79 18.91 4210 19.04 0.503 5519 19.52 60.05 18.40 0.325
80% 36.02 20.06 4272 21.74 0.220 48.01 16.44 54.76 17.92 0134
85% 38.59 2216 3617 20.47 0.661 51.95 16.67 52.33 17.87 0.932
90% 35.83 20.90 3597 17.83 0.979 44.87 16.64 4237 18.73 0.586

Table 6 - Mean and standard deviation of patient’s 3 smile attractiveness level with and without black mask covering the lower teeth, for both groups of
evaluators.

. Overbite Smile With black mask Overbite Smile With black mask
p?;;f:r?::ns Orthodontist Orthodontist Laypersons Laypersons
Mean SD Mean SD Mean SD Mean
65% 24.39 15.05 2615 12.26 0.622 2396 19.57 33.80 21.53 0.069
70% 30.38 15.88 2815 16.80 0.618 34.60 21.77 43.34 2232 0.130
75% 35.32 17.05 4178 18.51 0.205 43.81 24.85 50.47 23.09 0.287
80% 44.83 16.53 46.02 16.88 0.783 44.66 24.87 55.29 18.68 0.067
85% 40.73 17.41 49.28 18.27 0.068 39.14 19.07 48.21 23.01 0.059
90% 35.40 17.40 43.48 18.75 0.089 37.83 24.32 4490 24.36 0.265
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On Table 2, shows the mean and standard devia-
tion of orthodontists’ and laypersons’ assessment
for the smile of patient 2. According to orthodontists
and laypersons, the scores assigned to smiles with
proportions of 70%, 75%, 80%, 85% and 90% were
the highest ones and did not show statistically sig-
nificant difference with one another. The proportion
of 65% on the other hand obtained the lowest scores.

On Table 3, it is observed the ratings’ mean and
standard deviation assigned by orthodontists and
laypersons for the smile of patient 3. According to
orthodontists, the scores assigned to smile with
proportions of 75%, 80%, 85% and 90% were the
highest ones and did not have statistically signifi-
cant difference with one another. The proportion
of 65% on the other hand had the lowest scores. Ac-
cording to laypersons’ opinion the highest scores
were the proportions 70%, 75%, 80%, 85% and 90%
and they did not have statistically significant dif-
ference with one another. The proportion of 65%
presented the lowest score.

The comparison between orthodontists’ and
laypersons’ opinion regarding patients’ 1, 2 and 3
smiles, showed that from a total of 18 analyses, 16
did not have statistically significant difference.
Only for patient 1, at a proportion of 75% and for pa-
tient 2, at a proportion of 90% these scores revealed
statistically significant difference, with laypersons
assigning higher scores than orthodontists. Tables
4, 5, 6 show student’s ¢ test, applied to compare the
smiles with and without display of lower arch teeth,
using a black mask to cover them. It is possible to
observe that for all situations there was no statisti-
cally significant difference between the scores as-
signed to the two types of assessed smiles.

DISCUSSION

Cosmetic dentistry concepts present several
considerations about the dental proportion and
morphology. The width/height proportion consid-
ered as “gold standard” determines that the width
of superior central incisors must be of approxi-
mately 80% of its height, with accepted variation
between 75% to 85%.'>'*'8 However these propor-
tions were established for ideal smiles, with no
gingival exposure when smiling.

The analysis of the present study showed that
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the proportions of 75%,80% and 85%, received
the highest scores, from laypersons and orthodon-
tists for the three assessed smiles. The hypoth-
esis raised previously in this research, that longer
teeth, i.e. with smaller width/height proportions
(65% and 70%), would be capable of disguising
the excessively gingival smile was not accepted.
The clinical impact on these data is that the spe-
cialties directly related to cosmetics, such as Re-
storative Dentistry and Dental Prosthesis will not
have great results on the masking of gingival smile.
The increase of white esthetic, i.e., resin incre-
ments or longer upper anterior prosthesis, aiming
to increase the dental length (reducing the width/
height proportion), according to our results would
not be capable to disguise the gingival excess. It is
suggested for patients with gingival smile a specific
approach to the gingival tissue, that affect directly
the problem: The amount of exposed gingiva. This
approach is multidisciplinary and may involve
Periodontics, when it is identified gingival excess
on probing, having as solution the procedure of
gingivectomy. In cases of maxillary vertical ex-
cess, the problem’s solution involves orthognathic
surgery and in cases of interrelation with esthetic
medicine, in which the problem’s etiology may be
associated to hyperactivity of muscles responsible
for the upper lip elevation during smile." In these
cases some procedures are available, among them
is the use of silicone at the bottom of the vestibule,
the infiltration of Botulinic toxin and resection
procedures on the muscles responsible for the up-
per lip mobility.?*!

It was also observed that in some smiles the pro-
portions of 70% and 90% were also considered the
most attractive ones. This variability can be explained
due to the subjectivity of the smile attractiveness as-
sessment. These findings emphasize the necessity of
individualization of esthetic planning for the upper
anterior region. Some authors'"'*** recommend that
these results should be discussed with patients, once
the preference for longer or shorter teeth, may vary
among individuals. In this study, smiles images were
digitally manipulated to test the esthetic perception
of individuals for a certain variant. For this purpose,
the proposed methodology used visual analog scales,
a methodology frequently used in literature'!31%2%2526
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for it allows the use of appropriate statistical tests
to compare the scores assigned to different types of
smiles, as well as for the different groups of raters.
Thus, the proportion of esthetic zone as a whole was
altered, avoiding an excessive disproportion between
central incisors, lateral incisors and canines. Besides,
for the evaluation of the photographs’ attractiveness,
a close-up image of the smile was used, for literature
does not show difference between this type of visual-
ization and full face analysis.!***

Another important finding was the absence of a
statistically significant difference between smiles
with and without display of inferior teeth. These
two forms of evaluation were necessary to iden-
tify the possible influence of the presence of infe-
rior teeth on the smile’s perceived esthetic. When
smile images are manipulated to created different
proportions, the evaluators analyze two variants:
The different proportions individually and the
amount of vertical exposure of inferior teeth. This
aspect can be considered a methodological bias,
according reports in the literature of studies that
were evaluating a single smile characteristic, and
after manipulating the images, the raters end up
assessing two variants of the smile,'#17222¢ mak-
ing the results questionable. To fix this problem, it
was incorporated a black mask covering all inferior
teeth to allow the individualization of proportions
modification on the smile attractiveness. Ker*
found greater preference for smiles that presented
deep overbite over reduced overbite ones. The data
found in the present study do not confirm these
findings, for the comparison between smiles with
and without black mask did not present statistical-
ly significant difference, evidencing that variation
in the extent of inferior teeth exposure did not af-
fect the attractiveness of the assessed smiles.

Another important factor was the use of three
smiles with different esthetic variants, that al-
lowed evaluation of different smile components,
such as wide, medium and narrow buccal corridors,
teeth shapes (more squared or more rounded), and
even lip thickness, from larger to thinner ones.
Some studies found in literature used only one ma-
nipulated smile for the attractiveness assessment
of a chosen variant.'*>232¢ In this methodology,
the results can be questioned, for the opinion will
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be directed to only one type of smile. On the other
hand, other authors''¥ used more than one smile
on their methodology. Similarly, we used three
smiles to attenuate this problem and obtain fur-
ther conclusions about the variant width/height
proportion of teeth in the esthetic zone.

In this study, the evaluators were orthodon-
tists and laypersons. The first group was chosen
because previous researches showed that they are
more strict on the identification of deviation from
the ideal concept.!'1>222526 The group of laypersons
was chosen because they are the main consumers
of dental services, instead of professionals who
provide these services.* Literature shows that
orthodontists are more critical than laypersons,
assigning lower scores.!'1>222526 However, in most
situations, our study did not find significant dif-
ferences between these two groups of evaluators.

It is important to emphasize the present study
assessed smiles that already had a very low level of
attractiveness, due to increased level of gingival ex-
posure (4 mm). The choice for this value is justified
because literature shows that for different groups of
individuals, smiles with this level of gingival expo-
sure are considered non-esthetic.''2!*22 This aspect
can be proven by the higher mean scores assigned to
the smiles. Among them, the ones considered more
attractive obtained means around 60 points. Thus,
it can be concluded that this statistic equivalence
of opinions between these groups may have been
affected by this variant. In other words, the modifi-
cation on teeth’s width/height proportion in the es-
thetic zone did not affect the smile attractiveness nor
affected the esthetic perception of the distinct evalu-
ators. Besides, when evaluating laypersons’ scores,
it was observed high values of standard deviation,
which affects the statistical analysis of comparison
between groups, approaching the similarity with one
another. It occurs because the attractiveness evalu-
ation is a subjective characteristic, being more evi-
denced on the smile assessment by laypersons.

CONCLUSION

According to the results obtained in this re-
search, it can be concluded that:

1) Generally, the width/height proportions of
upper anterior teeth that received the highest
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scores were of 75%, 80% and 85% in both groups of
evaluators, orthodontists and laypersons. On the
other hand, the width/height proportion of upper
anterior teeth of 65% received the lowest scores
from the two groups of evaluators (p < 0.05).

2) When comparing the opinion of orthodon-
tists and laypersons regarding the three assessed
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Influence of in vitro pigmenting of esthetic orthodontic ligatures

on smile attractiveness

Camila Ferraz', Marcelo Castellucci?, Marcio Sobral®

Objective: To evaluate the perception of dental students and orthodontists on the degree of influence that pig-
mented esthetic elastic ligatures have on smile attractiveness, by judging clinical photographs.

Methods: Sixteen clinical facial photographs of the smile and 16 close up images of the smile of a single patient
wearing monocrystalline porcelain orthodontic brackets, Teflon coated NiTi wire brackets and esthetic elastic
ligatures of five different commercial brands were distributed into eight groups, G1 to G8 (Morelli®, Ortho Tec-
nology™, TP Orthodontics™, Unitek/3M™clear, Unitek/3M™ obscure, American Orthodontics™ clear, American
Orthodontics™ pearl and American Orthodontics™ metallic pearl). Twenty ligatures were used in each group, to-
taling 160 ligatures. Half of them were used in their natural state, and the other half after in vitro pigmentation. All
the photographs were judged by 40 evaluators, 20 orthodontists and 20 dental students.

Results: For orthodontists, American™ pearl (G7) ligatures were those that least influenced the degree of attrac-
tiveness of the smile in the two types of photographs used. For the dental students, in the facial photographs of the
smile, ligatures with the best performance were Morelli® (G1), American™ clear (G6) and American™ pearl (G7)
and in the close up photographs of the smile, American™ pearl, metallic pearl and clear (G7, G8 and G6).

Conclusions: For both orthodontists and dental students, pigmentation of the elastic ligatures had a negative in-

fluence on the degree of attractiveness of smiles in the two types of clinical photographs evaluated.
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INTRODUCTION

Elastic ligatures are accessories commonly used in
orthodontics and have wide application in holding the
arch wires to the brackets.

Some laboratory studies have proved that these
elastomeric materials are susceptible to pigmentation
when in contact with some pigments, saliva and bac-
teria."?? This leads to a reduction in their useful life
and compromises esthetics during the course of treat-
ment. These alterations have adirect relationship with
the composition, raw material quality and degree of
technology used in their manufacture, which in turn,
varies greatly according to each manufacturer.**¢

With the purpose of masking these pigments, many
manufacturers add colors to ligatures, however, this
procedure makes them unsuitable for use in esthetic
appliances. Moreover, acceptance of the use of colored
ligatures varies a great deal according to the patients’
gender and age.”®

Knowledge about the alterations in their physical
and mechanical properties is of great interest for the
clinical application of these materials, considering
that they may remain in the oral cavity for an average
of 30 days, and during this interval, it is very impor-
tant for the properties with regard to elasticity and es-
thetics to remain stable.#>62101

When evaluating the susceptibility to pigmenta-
tion of elastic orthodontic ligatures, some authors have
used digital photographs and computerized analysis
by means of the Adobe Photoshop program, and have
concluded that these ligatures underwent change in
color after an in vitro process of pigmentation. How-
ever, there are still no studies that prove the clinical rel-
evance of these color alterations on the appearance of
the orthodontic appliance set during the smile.

Evaluations made by means of photographs may
be used to analyze color alterations of various types of
dental materials, as well as in analyzing facial attrac-
tiveness and esthetics and of the smile, before, during
and after orthodontic treatment by the most diverse
group of examiners possible 121314151617

Knowing that the phenomenon of color is a psy-
chophysical response to the light/object interaction,
which depends on the individual subjective perception
of the observer, and with the aim of obtaining greater
knowledge about the esthetic influence of these pig-
mented elastomer materials on the appearance of the
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patient’s smile during orthodontic treatment, makes
it necessary to conduct clinical studies on the men-
tioned subject.

With this intention, the perception of the degree of
influence esthetic elastic ligatures submitted to a pro-
cess of pigmentation have on the attractiveness of the
smile was evaluated between dental students and or-
thodontists by means of judging clinical photographs

MATERIAL AND METHODS

The present study is characterized by an experi-
mental approach in which clinical facial photographs
of the smile, and of the close up of a smile were used.
The photographs had been taken of a single adult pa-
tient with a harmonious face and smile,”* who had
adequate tooth alignment and leveling in the maxil-
lary arch, required fixed orthodontic treatment, and
wished to use an esthetic appliance.

The sample consisted of 16 clinical facial photo-
graphs of the smile (12.8 cm x 17.1 ¢cm) and 16 close up
images of the smile (19.2 cm x9.07 cm) of a single patient.

The orthodontic appliance was composed of mono-
crystalline porcelain brackets (Ortho Technology™,
Tampa, Florida, USA), NiTi wire 0.016-in Teflon coated
(PTFE - polytetrafluorethylene), shade A2 (Beijing
Smart Technology CO™, Beijing, China) and esthetic
elastic ligatures of five different commercial brands,
distributed into eight groups, G1 to G8 (Morelli®, So-
rocaba, Sdo Paulo, Brazil, Ortho Technology™, Tampa,
Florida, USA, TP Orthodontics™, La Porte, Indiana,
USA, Unitek/3M™clear, Unitek/3M™obscure, St.
Paul, Minnesota, USA, American Orthodontics™ clear,
American Orthodontics™ pearl and American Ortho-
dontics™ metallic pearl, Sheboygan, Wisconsin, USA).

Twenty ligatures were used in each group, totaling
160 ligatures. Half of them were used in their natural
state, and the other half were submitted to an in vitro
pigmentation process, as has previously been performed
by other authors,? by immersion in a solution composed
of 250 ml of each of the following solutions: coffee, black
tea, red wine, Coca-Cola soft drink without gas, infusion
made with a roll of tobacco and artificial saliva.

The ligatures were placed in disposable plastic
cups, previously identified and separated into groups.
The homogenized pigmentation solution was depos-
ited into each of these cups covered with PVC film
(polyvinyl chloride), and all the were stored in a plastic
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receptacle with a lid on, and placed in an oven (Biom-
atic - VOLT:220/110, AMP: 2/4, WATTS: 400) at 37°C
for five days.”® Five days of immersion was defined after
conducting a pilot study in which the ligatures from all
the groups went through a pigmentation process for
ten days. Only on the fifth day was there evident visual
differentiation between the degree of pigmentation
and the ligatures in each of the evaluated groups.

After removing the cups from the oven, each of the
ligatures was removed with Mathieu plier (Starlet®,
Séo Paulo, Sdo Paulo, Brazil), rinsed in tap water for
five seconds, dried with absorbent paper, stored in
new, dry disposable plastic cups, also previously iden-
tified according to each group, and immediately used
for taking the photographs.

The present study was approved by the Research Eth-
ics Committee of the UFBA School of Dentistry, Protocol
Number 37/10 and registered with SISNEP FR 357694,
CAAE 0023.0.368.000-10 on November 12, 2010.

After the patient had signed the Free and Informed
Consent Term, the research began with placement of
the maxillary fixed appliance from the central inci-
sors to the second premolars. After the orthodontic

brackets were bonded, the esthetic wire was intro-
duced and fixed to the brackets by means of the elastic
ligatures distended using the Mathieu pliers (Starlet®,
Séo Paulo, Sdo Paulo, Brazil). Initially ligatures with-
out pigmentation were used, and eight facial photo-
graphs were taken (F) and eight close up photographs
of the smile (SA) (Fig 1). Afterwards, the same proce-
dure was performed with pigmented ligatures, total-
ing 32 photographs. To distinguish the groups of pho-
tographs, those that were taken with pigmented liga-
tures had the letter “P” added (FP and SAP) (Fig 2).
To standardize the photographs, the patient’s head
was positioned with the aid of the head positioners
of a cephalostat fixed to the clinic wall, in which the
patient sat, with the Frankfort plane and bipupilar
line parallel to the ground. In addition, the patient
was instructed to keep a posed smile'*? at the time
the photographs were taken. In order to obtain a real
front view contour of the patient’s face, the two head
positioners of the cephalostat were at the same dis-
tance from the camera, at 90°. This position was de-
termined by the coincidence between the two points
previously demarcated on the cephalostat with the

Figure 1 - Facial photographs of the smile: (A) without pigmentation and (B) with pigmentation.
Close up photographs of the smile: (C) without pigmentation and (D) with pigmentation.

© 2012 Dental Press Journal of Orthodontics
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Table 1 - Distribution of elastic ligatures in the sample of photographs. *G - Group; F - Facial Photograph; FP - Pigmented Facial Photograph; SA - Close
up Photograph of the Smile; SAP - Pigmented Close up Photograph of the Smile.

Facial photographs Close up photographs of the smile

Shade Groups

Without Pigmentation With pigmentation Without Pigmentation  With pigmentation

Morelli Cristal G1 GIF GIFP G1SA GISAP

Ortho Technology Pearl G2 G2F G2FP G2SA G2SAP

TP Orthodontics™ Clear G3 G3F G3FP G3SA G3SAP

Unitek/3M Clear G4 G4F GAFP G4SA GA4SAP

Unitek/3M Obscure G5 G5F G5FP G5SA G5SAP

American Orthodontics™ Clear G6 G6F G6FP G6SA G6SAP

American Orthodontics™ Pearl G7 G7F G7FP G7SA G7SAP

Metali

American Orthodontics™ Pee:rl'c G8 G8F G8FP G8SA G8SAP

TOTAL 8 8 8 8

aid of a protractor (Unitek/3M™, St. Paul, Minnesota, with time since graduation ranging between one and 32
USA), one on the base and the other on the rotating  years (mean of 10.8 years) and 20 dental students, from

support.® This setting enabled one to record the pa- the 1st semester of the undergraduate course in den-
tient’s real facial image and her approximate smile. tistry at the Federal University of Bahia (UFBA, “Uni-

Digital photographic equipment EOS Rebel-EOS versidade Federal da Bahia”). Although these students
T1-i (Canon) was used, with a Macro EF 60 mm (Can- already had a certain degree of instruction, at this aca-
on) lens and circular flash MR14EX (Canon), with ex- demic stage, they did not yet have the technical-scien-
posure compensation of +1. The distance between fo- tific knowledge of an orthodontist, and for the purpose

cus and object was 1.0 m for the facial photographs of  of the present study, were considered lay persons. The
the smile, and 44 cm for the smile close up. The speed number of evaluators was defined after sample calcula-
used was 1/125 s with a diaphragm aperture of 8.0. tion, in accordance with the mean obtained from the
After having obtained the 32 photographs, an album quantity of pigmentation, with a level of significance of
was prepared, using eight pages of photographic paper 5% and power of 80%.
Fujicolor Crystal Archive Paper® (Fujifilm do Brasil Together with the photograph albums, each exam-
Ltda., Manaus, Amazonas), size A3 (29.5 cm x 40.5 cm) iner received a form containing 32 rulers (visual ana-
containing four photographs per page. All the images log scale), one for each photograph. Afterwards, they
were named according to the group to which each com- were asked to mark with a vertical line, the degree of
mercial brand belonged, and whether or not they were satisfaction with the esthetics of the set formed by the
pigmented. The order of disposition of each photograph brackets, wire and esthetic ligatures for each of the pho-

in the album, facial (F) or close up smile (SA), was de- tographs. The evaluators were instructed that it would
fined in increasing numerical order of the group of the be possible to mark the line in any region of the ruler.
commercial brand of ligatures. These numbers were ran- The visual analog scale'™'*'72'22 js 40 mm long, and on

domly defined, and only the researcher responsible for its extreme left, the words “VERY BAD” and on the ex-
the project had information about the commercial brand treme right “VERY GOOD” are written. The distance,
to which each group belonged. The first 16 photographs in millimeters between the mark made by the evalua-
were facial, and the following were the close up smile, tor of the photograph and the point at the extreme left

both non pigmented and pigmented in this sequence. served as measurement of the degree of attractiveness

For esthetic evaluation of the smile, all the photo- of each smile evaluated. The forms were applied to the
graphs were judged by 40 evaluators, of whom 20 were examiners belonging to the group of dental students at
orthodontists, members of the Bahia Orthodontic Asso-  the end of aregular undergraduate lesson. To the ortho-

ciation - ABOR-BA - (“Associacdo de Ortodontia da Ba- dontists, the forms were applied at the Orthodontic and
hia”), aged between 28 and 58 years (mean of 37.8 years), Facial Orthopedic Center of Prof. José Edimo Soares
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Martins, or at his consulting rooms, so that the degree
of lighting in these rooms was adequate and did not
compromise evaluation of the photographs.

The data from each questionnaire were compiled
in a spreadsheet, and after this, they underwent sta-
tistical treatment. Initially, the central trend and
dispersion measurements were calculated, and after
confirmation of normality of the data, the Student’s
t -test and ANOVA were performed, with a level of sig-
nificance of 5% to define the difference between them.
The Kappa test was performed to evaluate agreement
among the orthodontists themselves, among the den-
tal students themselves, and between the dental stu-
dents and orthodontists. For the orthodontists, Kappa
0.91 and among the dental students 0.87 was obtained,
which means there was very good agreement among
the evaluators of each group, but there was statistical
difference between the two groups.

RESULTS
Facial photographs of the smile

The evaluation of the orthodontists and dental stu-
dents varied with regard to the amount of loss of es-
thetics of the smile after pigmentation. According to
the orthodontists, these alterations were very signifi-
cant, as the smiles in which the patient was using the
American™ pearl (G7), American™ metallic pearl (G8)
and Morelli® (G1) were those that underwent the least
alterations as regards degree of attractiveness. For the
dental students these differences were smaller and the
ligatures that least influenced the esthetics of the smile
were Morelli® (G1), American™ clear (G6) and Ameri-
can™ pearl (G7) (Fig 2). Whereas those with the most
unfavorable behavior, both from the point of view of
orthodontists and dental students were ligatures of the
Ortho Technology™ (G2) and Unitek/3M™ obscure
(G5) commercial brands, respectively (Fig 2).

In the analysis of the absolute values with refer-
ence to the degree of attractiveness attributed to this
type of photograph, it was verified that the orthodon-
tists evaluated the smiles in which the ligatures were
without pigmentation (F) as being more esthetic
than the dental students did, whereas their scores for
attractiveness of the smiles obtained higher means,
and there were statistically significant differences in
all the groups (Table 2). As regards the photographs
with ligatures submitted to pigmentation (FP), the
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orthodontists were stricter and attributed lower
scores to all groups, however, the majority without
statistically significant difference, except for those in
Group G8FP (p=0.02), in which the dental students
did not identify the presence of important darken-
ing in this group, and attributed much higher scores
than the orthodontists did (Table 2). For the ortho-
dontists, all the ligatures used were pigmented to a
considerable extent.

254
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201 1955
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1626 1633 1472

1364 14.02

n56 1072

912

Category

Den. student 4
orthodontist 7
Den. student 4
orthodontist 4
Den. student 4
orthodontist 4
Den. student 4
orthodontist
Den. student 4
orthodontist 4
Den. student 4
orthodontist
Den. student 4
orthodontist -
Den. student 4
orthodontist

difGIF  difG2F difG3F difGAF difG5F difG6F  difG7F difG8F

Figure 2 - Mean and standard deviation of the difference FP - F between
the commercial brands and categories evaluated.

Table 2 - Mean, standard deviation F and FP and p value of the difference
between the professional categories in each group.

Group Dentistry Students  Orthodontists o value
mean (SD) mean (SD)

G1F 22.78 (8.68) 32.02(6.35) 0.00*
GIFP 16.99 (9.42) 15.85 (10.04) 0.70
G2F 2717 (7.41) 34.61(5.35) 0.00*
G2FP 16.10 (8.33) 15.80 (10.04) 0.29
G3F 25.89 (7.63) 32.79 (6.36) 0.01"
G3FP 1713 (9.16) 14.35 (11.11) 0.39
G4F 2759 (7.58) 33.90(6.09) 0.01"
GA4FP 19.28 (9.82) 14.34 (10.25) 0.13
G5F 29.07 (5.00) 34.00 (5.61) 0.01"
G5FP 15.52 (10.11) 12.57 (9.38) 0.35
G6F 28.73(6.53) 33.68 (617) 0.02*
G6FP 22.32(8.950) 17.35(9.39) 0.09
G7F 26.03 (8.65) 3318 (6.09) 0.01"
G7FP 23.99 (8.48) 19.36 (10.87) 014
G8F 24.45(9.75) 31.89 (7.82) 0.01"
G8FP 24.28 (7.85) 1717 (9.72) 0.02*

*Statistically significant difference.
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Close up photographs of the smile

In these photographs the orthodontists’ and den-
tal students’ evaluation was very close as regards the
amount of loss of esthetics after pigmentation. Accord-
ing to the orthodontists the smiles that showed smaller
variations were those in which the patient was using
American™ pearl (G7) ligatures. Whereas for the den-
tal students, they were American™ pearl (G7), metallic
pearl (G8) and clear (G6) (Fig 3). Those with the most
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Figure 3 - Mean and standard deviation of the difference SAP - SA be-
tween the commercial brands and categories evaluated.

Table 3 - Mean, standard deviation SA and SAP and p value of the differ-
ence between the professional categories in each group.

Dentistry students Orthodontists

Group p value
Mean (SD) Mean (SD)

G1SA 32.51(519) 33.75(6.82) 0.52
G1SAP 14.29 (7.43) 12.89 (8.59) 0.59
G2SA 31.79 (5.47) 33.49 (7.85) 043
G2SAP 1.84 (7.34) 10.46 (7.72) 0.57
G3SA 30.95(5.23) 34.05 (6.38) 010
G3SAP 12.04 (6.77) 9.89 (7.93) 0.36
G4SA 30.85(7.86) 34.65 (6.28) 0.10
GA4SAP 1.77 (7.09) 9.51(816) 0.36
G5SA 30.10 (4.99) 28.80 (9.54) 0.59
G5SAP 13.39 (811 8.56 (6.25) 0.04*
G6SA 30.68 (5.23) 32.23(8.39) 0.49
G6SAP 15.44 (7.04) 1212 (8.05) 017
G7SA 29.26 (5.32) 25.40 (10.70) 016
G7SAP 19.73 (5.03) 16.81(8.97) 0.21
G8SA 31.30(4.78) 29.75(9.43) 0.52
G8SAP 1912 (9.68) 12.23 (7.67) 0.02*

*Statistically significant difference.
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unfavorable behavior, according to the orthodontists,
were Ortho Technology™(G2), Unitek/3M™ (G4) and
TP Orthodontics™ (G3), respectively, and according to
the dental students they were Ortho Technology™(G2)
and Morelli® (G1) (Fig 3).

In the analysis of absolute values with reference
to the degree of attractiveness attributed to this type
of photograph, there was no clear difference between
the evaluations made by dental students and ortho-
dontists. Both groups attributed high scores to all the
photos in which the ligatures were not pigmented (SA)
and low scores to the majority of those with pigment-
ed ligatures (SAP), except for those with Unitek/3M™
obscure (G5SAP) (p = 0.04) and American™ metallic
pearl (G8SAP) ligatures (p = 0.02), in which the dental
students did not observe important variations in the at-
tractiveness of the smile (Table 3).

DISCUSSION

Some laboratory studies have proved that esthetic
elastic ligatures are susceptible to pigmentation when
in contact with some types of pigments’??. Neverthe-
less, these color changes were observed only by means
of a computer program, thus did not evaluate as from
which point these alterations could be noted in daily
life, and become disturbing to the patient.

In 2009, Cavalcante? observed that the brand that
showed the worst performance; that is to say, that
became most pigmented was Unitek/3M™ obscure,
which is confirmed by the present study, in which the
commercial brands of ligatures that most compromised
the degree of attractiveness of the smile clinically after
pigmentation, in the evaluation by both orthodontists
and dental students of the facial photographs of the
smile were Unitek/3M™ obscure (G5) and Ortho Tech-
nology™ (G2). This could not be observed in the close
up of the same, in which the data of these two studies
differ, as the orthodontists indicated the brands Ortho
Technology™ (G2), Unitek/3M™ clear (G4) and TP Or-
thodontics™ (G3) and the dental students the commer-
cial brands Ortho Technology™ (G2) and Morelli® (G1)
as those that had the greatest degree of variation.

In the present study, according to the orthodon-
tists, the degree of attractiveness of the smiles with
the ligatures American™ pearl (G7) were those that
underwent the smallest alterations in the two types
of photographs used, which differs from the data
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previously found,? in which the ligatures that became
least pigmented were those of the TP Orthodontics™
and American™ Clear brands.

According to the dental students, the smiles that
underwent the smallest variations were those in which
the patient was using Morelli® (G1), American™ clear
(G6) and American™ pearl (G7) ligatures in the facial
photographs of the smile, and American™ pearl, metal-
lic pearl and clear (G7, G8 and G6) in the close up pho-
tographs of the smile, obtaining a result close to those
found by other authors,?! in which the American™ clear
ligatures were also considered among the most stable.

Nevertheless, Cavalcante® evaluated color changes
by means of computerized comparison, using the Ado-
be Photoshop program RGB indices, color histogram
observation at the level of red, green and blue of digi-
tal photographs of pigmented and unpigmented liga-
tures, instead of clinical evaluation of photographs,
as was done in the present study. A similar evaluation
was performed in another study’, in which the varia-
tion in ligature pigmentation was evaluated only by
means of a color measuring device.

Thus, it could be concluded that the perception and
interpretation of color are subjective, and can vary ac-
cording to the type of evaluator.'*"” Moreover, an iso-
lated numerical evaluation alone is not sufficient for an
adequate observation of the color changes each elastic
ligature undergoes, as the factors such as the oral envi-
ronment itself and the set formed by the tooth, bracket
and ligature may mask the results of color changes that
have already been proved numerically.

Knowing that the degree of stability as well as the
other physical and mechanical properties of each of
these ligatures is directly related to its components
and the particular manufacturing process of each of the
commercial brands, it is important to understand that
the variation between the natural, non pigmented state
and pigmented state (A) is more important than the ini-
tial and final absolute color values of each of them, since
we cannot ignore the initial characteristics inherent to
the material' which, undoubtedly, will have a repercus-
sion on the final aspect of the ligature evaluated.

This fact associated with the interval between con-
sultations during orthodontic treatment will have a di-
rect influence on the indication and use of the esthetic
elastic ligature, in the same way as it influenced the se-
lection of the type of esthetic bracket.’® Therefore, before
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treatment begins, some aspects of esthetic accessories
with respect to pigmentation must be explained to pa-
tients, so that unpleasant surprises concerning color al-
teration do not arise during the course of treatment.

In the present study, the pigmentation was per-
formed in vitro, because of the difficulty of standardiz-
ing variables such as the patient’s diet and oral habits
during the entire period required for conducting the
research. However, the number of days of immersion
of the ligatures in the pigmentation solutions was de-
fined so that it would very closely simulate the clini-
cal pigmentation process so commonly observed in
orthodontic practice. Thus, five days of immersion
was defined after conducting a pilot study in which the
ligatures from all the groups went through a pigmen-
tation process for ten days. It may be observed that it
was only on the fifth day that there was evident visual
differentiation between the degree of pigmentation
among the ligatures used in the study, and that as from
this day, not only was there little difference among the
groups, but the degree of pigmentation obtained was
higher, with the ligatures being much darker than is
routinely observed in clinical practice after an inter-
val of 21 days between consultations.

The posed smile'*" was used to enable visualization
of the set formed by the tooth, bracket and ligatures. For
this evaluation, the presence of subtle variables in the
standardized photographs was not relevant to the inves-
tigation. Moreover, this research did not relate the col-
or alterations with degradation of the effectiveness of
elastic ligatures, and therefore, the brands with the best
color stability may not necessarily correspond to the
brands with the best clinical effectiveness. Thus, further
studies must be conducted to elucidate this question.

It is therefore, of fundamental importance for the
professional to know the behavior of esthetic ligatures
before using them, because specific aspects of color,
type of diet and time the ligature remains in the oral
medium will influence the final esthetic appearance of
the orthodontic appliance, and may frustrate the ex-
pectations of a patient who did not receive a previous
explanation about the possibility of pigmentations."?
It is therefore the professional’s responsibility to se-
lect the commercial brands for daily use, which pro-
vide the least loss in degree of attractiveness of the
smile during the course of orthodontic treatments
that require the use of esthetic devices.
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CONCLUSIONS

1) According to the orthodontists, there were al-
terations in the degree of attractiveness of the
smile to a very significant extent when pig-
mented ligatures were used, with those of the
American™ pearl (G7) brand being the ones
that underwent the smallest alterations in the
two types of photographs used.

According to the dental students, these differ-
ences were smaller and the ligatures with the

2)

least influence on the attractiveness of the smile
were Morelli® (G1), American™ clear (G6) and
American™ pearl (G7) in the facial photographs
of the smile, and American™ pearl, metallic
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Assessment of facial profile changes in patients treated with
maxillary premolar extractions
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Objective: Evaluate the facial profile changes of orthodontic treatment with extraction of two upper first premo-
lars, from the perspective of orthodontists, dentists and lay people.

Methods: Facial profiles of radiographs taken before and after treatment of 70 patients with Class II, division 1
malocclusion were traced. The silhouettes of the 70 patients were randomly assembled in an album with, being two
profiles on each sheet of the same patient. Then, 30 orthodontists, 30 dentists and 30 lay people chose the more
esthetic facial profile (A or B), and the amount of change they perceived between the two profiles before and after
treatment, according to a visual analog scale (VAS).

Results: The results revealed that 83 examiners preferred the post-treatment profiles, and only three dentists and
four lay people chose the profiles pre-treatment more frequently. Thus, the orthodontists often chose the profiles
after treatment, followed by dentists, with no statistically significant differences found between dentists and lay
people. There were significant differences within groups in the preference of pre- and post-treatment profile. Fur-
thermore, the three groups of evaluators indicated that pre and post-treatment profiles did not differ substantially.

Conclusions: The treatment of Class II, division 1 malocclusion with extraction of two first premolars has a posi-
tive effect on facial profile esthetics.
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INTRODUCTION

For years, orthodontists have studied the soft tis-
sue profile in patients treated orthodontically, seeking
facial harmony, and the correct dental positioning.!6
In the past, the esthetic facial profile was described
very subjectively, and the concept of beauty would
refer to the figure of the Greek God Apollo of Belve-
dere. But, the standards of beauty have changed pos-
sibly due to the mixing of races, global media, customs,
religion and age; with stronger traits than the straight
lines from the Greeks.

Facial appearance plays an important role when
judging the self-attractiveness and also the devel-
opment of self-esteem.!® The perception of appear-
ance, especially of the face, affects mental health
and social behavior with significant implications in
the educational and professional areas, as well as in
the emotional life.*

The Class IT malocclusion may affect facial har-
mony in various degrees, according to the intensity
of dental overjet and its interaction with the soft tis-
sues, interfering with the image and self-esteem of
the patient.' Thus, the treatment of malocclusions
is important for the social inclusion of the patient
and it is of great interest to orthodontists, and the
demand for treatment is significant in clinical orth-
odontic. This malocclusion is presented as the most
common in orthodontic clinics around the world,
reaching rates of 55%.”

Among the different treatments of Class II, Di-
vision 1, there is an alternative therapy, the extrac-
tion of two upper first premolars.>?* The debate on
extractions has lasted for many years and there are
researchers in favor of no extraction, because they
think that this form of treatment tends to flatten the
face (with retruded lips). On the other hand, those
in favor of extraction, assume that in the treatment
without extraction lips are too protruded due to pro-
truded incisors.?

Theliterature on the extraction dilemmain ortho-
dontics is abundant and most studies show little soft
tissue post-treatment alterations in patients with
and without extractions.>!> Although cephalometric
studies exhibit differences mainly in dento-skeletal
components among patients treated with and with-
out extraction, an important point would be to check
the effect of these therapies in facial esthetics under
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the point of view of orthodontists, dentists and lay
people, since the studies in this area are scarce.

The search for a balanced facial profile is a con-
stant challenge for orthodontists, who continue to
debate the extraction issue to improve dento-skele-
tal relations. However, the literature is still short on
the effects of extraction of two first premolars in fa-
cial esthetic profile in patients with Class II.

Therefore, knowledge about the possibilities of
changes in facial profile resulting from this treat-
ment protocol is necessary for professionals in Or-
thodontics.

This work aimed to evaluate the facial profile
changes from orthodontic treatment with extrac-
tion of two upper first premolars, from the per-
spective of orthodontists, dentists and lay people.

MATERIAL AND METHODS

The sample consisted of 140 lateral cephalo-
grams of 70 young Brazilians of both genders from
the collection of the Centro Dental de Almeida Ro-
drigues - CORA. The lateral cephalometric radio-
graphs were obtained in the same X-ray device be-
fore installation and after removal of the appliance.
The criteria for sample selection were based on the
following characteristics:

1) Young patients showed initial Class IT malocclu-
sion of dentoalveolar origin, without skeletal compro-
mise, assessed clinically and by means of study casts.

2) Caucasian, Italian, Portuguese and Spanish de-
scendants.

3) Lack of agenesis or loss of permanent teeth.

4) Treated with extraction of two upper first pre-
molars.

The 70 patients, 38 females and 22 males with
Class II malocclusion, were treated with orth-
odontic pre-adjusted appliances (Straight Wire)
Andrews prescription and 0.022 x 0.030-in slot fol-
lowed by extractions only in the upper arch (first
premolars). All patients used transpalatal bar
(TPA) in the first upper molars. The leveling of the
dental arches was obtained with nickel titanium
wire 0.014-in, 0.016-in, 0.016 x 0.022-in and 0.019
x 0.025-in. After alignment and leveling stainless
steel arches were installed 0.019. x 0.025-in with
hooks on the mesial of maxillary canines and the
retraction of the anterior block was performed
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with sliding mechanics. After closing the spaces
the intercuspation and finishing was obtained with
0.019 x 0.025-in braided stainless steel arches. The
appliances were removed after obtaining Class I
canine occlusion, complete correction of overjet,
overbite and tooth alignment.

Characteristics such as age of patients and dura-
tion of treatment are shown in Table 1.

Methods

After obtaining the lateral radiographs, we pro-
ceeded to the preparation of cephalograms and hand-
outs. The tracings were performed by a single re-
searcher (LBM) and checked by another (RRAP) in a
darkened room, for identification of anatomical struc-
tures. Only the soft tissue profile silhouette was traced
with a lead pencil on a 0.5 mm HB acetate paper “Ul-
traphan” 0.07 mm thick and 17.5 mm width and length,
adjusted to the radiographs (Fig 1).

The tracings were scanned to the computer and a
task of completing the profile was done in Corel Draw
by a single computer technician. The two profiles (pre-
treatment) and (post- treatment) were inserted for
each patient on the same sheet, but in a random order,
ie, the initial profile could be to the right or left of the
sheet (Fig 2). Thus, it was possible to assemble an al-
bum with all the silhouettes of the 70 patients.

Table 1 - Mean, minimum and maximum values of initial and final ages,
and treatment duration.

Variable Mean value Minimum value Maximum value
Initial age 15.332 124 29.25%
Final age 18.152 13174 32.67%
Treatment 2.85° 1.08* 4.25%
period

Examiners and assessment method

A group of 90 evaluators participated in the survey
in order to judge the profiles of each patient.

The evaluators were divided into three distinct
groups:

» Orthodontists group: Comprised of 30 special-
ists in Orthodontics, 16 females and 14 males, mean
age of 31.03 years.

» Dentists group: Consisting of 30 dentists with no
orthodontic training, 18 females and 12 males, mean
age of 38.96 years.

» Lay group: Comprised of 30 people with no
dental knowledge, classified as lay in the area. In this
group, 12 were male and 18 female and the mean age
was 33.63 years.

Each evaluator received an album containing the
profiles of 70 patients with two profiles on each sheet
(pre- and post-treatment of the same patient).

Figure 1- Anatomical drawing of the soft tissue
profile.

© 2012 Dental Press Journal of Orthodontics

133

Figure 2 - Silhouette of profiles pre-and post-treatment from the patient number 31.
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Along with the album, the evaluators received in-
structions on how to answer, and a sheet for scores, in
which the category to which they belonged to should
be marked (layman, orthodontist or dentist), as well
as gender and age. They were asked to indicate their
preferences in relation to the profile (A or B) and the
amount of change they perceived between the two
profiles, according to a visual analog scale (VAS).

The visual analog scale used was characterized by
a 100 mm line, where the demarcation at zero, at the
left end, meant that the profiles contained in the same
sheet were the same and in the opposite extreme, in
the right end, that they were very different.

Statistical analysis

In order to verify the degree of similarity between
the groups with regard to profile preferences pre- or
post-treatment, a comparison was carried out by an
analysis of variance test (ANOVA) and when statisti-
cally significant differences were found between the
groups, the Tukey test was used.

In order to verify within-group differences in
choosing the profile pre-or post-treatment, we used
the paired ¢ test.

To check the amount of noticeable difference be-
tween the pre- and post-treatment profiles result-
ing from the values attributed to the visual analogue
scale the analysis of variance (ANOVA) was used,
followed by Tukey’s test. In all analyses employed
statistically significant results were considered for
p<0.05and p < 0.001.

RESULTS

The results showed that the three groups of evalua-
tors preferred more often the profiles after orthodon-
tic treatment (Table 2).

Only seven people, four belonging to the lay group
and three from the dentists group, chose the profiles
pre-treatment more often. All other reviewers (83)
preferred the post-treatment profiles (Fig 1).

In order to verify the degree of similarity be-
tween the groups of evaluators, in relation to the
profile preferences for pre or post-treatment com-
parison was carried out using the ANOVA analysis
(Table 3). The comparison results indicated statisti-
cally significant differences between groups, being
the group of orthodontists the one that more often
chose the profiles after treatment, followed by den-
tists and finally, the laymen.

In order to verify intragroup differences in choos-
ing the pre- or post-treatment profile, the paired t
test was used (Table 4). In evaluating preferences,
assuming a total of 70 patients, orthodontists chose
27 profiles pre- and 43 profiles post-treatment, the
dentists 29 pre and 41 post-treatment and the lay
people chosen 30 pre and 40 post-treatment and this
difference was statistically significant.

To quantify the pre- and post-treatment profiles
the visual analogue scale was used and then the re-
sults were submitted to the analysis of variance to see
if there was agreement among the examiners (Table
5). According to the VAS scale, the mean values as-
signed by orthodontists, dentists and by the laymen
were not statistically significant different (p = 0.37).
Although the evaluators had chosen, in most cases,
the after treatment profile, they indicated that it did
not differ substantially.

Table 2 - Evaluation of profile preferences (pre- and post-treatment) by
three groups of examiners.

GROUP Pre-treatment Post-treatment Tot.al of
Preference preference patients
Orthodontists 27 43 70 0.00**
Dentists 29 41 70 0.00**
Lay people 30 40 70 0.00**

* Significant for p < 0.05. ** Significant for p <0.01.

Table 3 - Results from the analysis of variance (ANOVA) applied to the profile preference among the three groups of evaluators.

Orthodontist Dentist

Preference %
0 ) @

Lay people

38.04%
Post-treatment 61.95%

42.23%
57.76%

Pre-treatment

ANOVA-P
(€)) 1-3
4314% 0.03* 0.00** 0.85
56.85% 0.03* 0.00** 0.85

* Significant for p < 0.05. ** Significant for p < 0.01.
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Figure 3 - Distribution of preferences of examiners (n = 90).

Table 4 - Results from the paired t test applied by within-group prefer-
ence profile before and after treatment.

Pre-
re Post-treatment  Total of
treatment .
preference patients
preference
Orthodontists 27 43 70 0.00**
Dentists 29 4 70 0.00**
Lay people 30 40 70 0.00**

* Significant for p < 0.05. ** Significant for p < 0.01.

Table 5 - Results from the analysis of variance applied to the visual ana-
logue scale (VAS).

Orthodontists  Dentists Lay ANOVA - p
Mean
™ @ &) Ui )
VAS 4.65 4.75 5.02 093 036 057
ns ns ns
DISCUSSION

The evaluation of the changes introduced by
orthodontic treatment in the facial profile of pa-
tients treated with extraction of two upper first pre-
molars generates considerable interest.” It is known
that extraction of premolars is often chosen as al-
ternative* for the treatment of patients with Class
1T division 1 malocclusion, once they no longer pres-
ent significant growth and have more severe over-
jet. However, studies on the effect of this treatment
on the soft tissue are scarce.

The results of this study provided an insight re-
garding the perception of orthodontists, dentists and
lay people about the amount of changes in the pro-
files before and after treatment in patients with Class
II division 1 malocclusions. The results revealed that
eighty-three evaluators of the three groups preferred
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Figure 4 - Within-group comparison pre-and post-treatment.

the post-treatment profile and only three dentists
and four lay people chose the pre-treatment profiles
more often. On the preferences average, considering
a total of 70 patients, orthodontists chose 27 pre-
treatment profiles and 43 post-treatment profiles,
the dentists 29 pre and 41 post-treatment and lay-
men 30 pre and 40 post-treatment (Table 2).

Thus, in the opinion of the evaluators, treatment
with extraction of first upper premolars produced a
positive effect on soft tissue profile, for they chose
the profiles after treatment more often. From this we
can infer that this type of treatment has a beneficial
effect on the esthetics of the facial profile.

Our results showed differences between the
groups of evaluators in the preference after treat-
ment, statistically significant difference in the pro-
file evaluation performed by orthodontists (61.95%),
compared with the group of dentists (57.76%) and
laymen (56.85%), but no statistically significant dif-
ference between dentists and lay people. The analy-
sis of variance (ANOVA) denoted agreement between
the choices of dentists and lay people (p = 0.85), but
a disagreement with orthodontists (p = 0.03 and
p = 0.00, respectively). Thus it is clear that the higher
the degree of information of the evaluator in the spe-
cific area, the greater the degree of criterion.

Similar results, regarding the discrepancy between
orthodontists and lay people in the area, are observed
in several studies. In a study™ on the preference of the
soft tissue profile in young Caucasian, African and
Asian descendents, the author did not observe corre-
lation between the evaluators’ opinions (orthodon-
tists, laymen and artists), demonstrating that the es-
thetic criteria, besides being subjective, are also per-
sonal. Another research' carried out in order to assess
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facial profile preferences for the anteroposterior posi-
tion of the mandible showed that the preference of or-
thodontists also differed in relation to both lay groups
(Caucasian and Japanese). Disagreements were also
observed between orthodontist evaluators in stud-
ies of facial attractiveness,'®" showing that lay people
were less careful in the assessment of this issue. The
results of studies®® on the effect of treatment with and
without extraction showed that orthodontists demon-
strated a more accurate perception of small changes
in facial profile. Moreover, in a study** assessing the
importance of the soft profile in esthetic, when lay and
orthodontists were compared, it was found that ortho-
dontists took into greater consideration the facial pro-
file than lay people in the evaluation of facial esthetics.
In researches®'? on profile preference of the Turkish
population and black women, respectively, there were
statistically significant differences between the judg-
ments of laypeople and orthodontists.

Disagreeing with the results of this study, it was
observed that® orthodontists and laypeople perceived
similarity between the profile changes after treat-
ment. Contrary also to the results of this research,
another work* did not denote significant differences
between orthodontists and dentists. In researches%2°
on the profile preference the authors indicated that all
groups of evaluators were consistent in the judgment
of the profiles. In the work!® on ratings of profile at-
tractiveness after treatment with functional appli-
ances, the three groups of evaluators (dental students,
arts students and parents of patients), showed no dif-
ference in their judgments.

The results denote statistically significant differ-
ences within-groups, with a predominant choice for
the facial profile after treatment in all groups. Thus,
orthodontists preferred 43 pre-treatment profiles
and 27 post-treatment indicating statistically sig-
nificant differences in this evaluation (p = 0.00). The
same occurred with the dentists who chose more
(p = 0.00) profiles after treatment (41) in relation to
pre-treatment (29) and with the lay people, who had
a preference of 40 post-treatment and 30 pre-treat-
ment profiles (p = 0.00).

© 2012 Dental Press Journal of Orthodontics

The visual analog scale was used in this study
to quantify the perception of evaluators in rela-
tion to the amount of similarities or differences
between the facial profiles before and after treat-
ment. This method was endorsed by several inves-
tigators*®9161223 hecause of its simplicity and speed,
being easily understood by the examiners and wide-
spread in literature. In this study the VAS scale was
characterized as a 100 mm line, where zero repre-
sented that profiles contained in the same sheet
were the same and in the opposite extreme, that
they were very different.

The results from the evaluation of this scale
were subjected to analysis of variance (ANOVA) to
determine whether there was agreement between
the values assigned by the three groups of evalu-
ators. These profiles indicated that pre and post-
treatment did not differ significantly, however,
were not classified as the same. According to the
VAS scale, the mean values assigned by the ortho-
dontists was 4.65 mm, by the dentists was 4.75 mm
and 5.02 mm by the lay people, with no statistical-
ly significant difference between them (p = 0.37).
Thus, although most reviewers have chosen the
post-treatment profile, they did not identify major
differences between the profiles before and after
treatment.

Considering the results of this survey, it is noted
that the assessment of facial profile should be a con-
tinuous learning process for orthodontists, since
patients are increasingly concerned about the ef-
fect that orthodontic treatment can induce in facial
esthetics. The opinion of patients should always be
mandatory in orthodontic planning.

CONCLUSION

Based on the methods and analysis of results, it
was possible to concluded that orthodontic treatment
of Class II, division 1 malocclusion with extraction of
two first upper premolars had a positive effect on fa-
cial profile esthetics, since orthodontists, dentists and
lay people preferred the large majority of the profiles
after orthodontic treatment.
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Width of buccal and posterior corridors: Differences between
cases treated with asymmetric and symmetric extractions

Nuria Cabral Castello Branco', Guilherme Janson?, Marcos Roberto de Freitas?, Juliana Morais'

Objective: To verify if there is difference in the buccal and posterior corridor width in cases treated with extrac-

tion of one and four premolars.

Methods: Through posed smile photographs of 23 Class II patients, subdivision, treated with extraction of one

premolar and 25 Class I and Class II patients, subdivision, treated with extraction of four premolars, the per-

centage of buccal and posterior corridor width was calculated. The two protocols of extractions were compared

regarding the buccal and posterior corridor width by independent t tests.

Results: There was no statistically significant difference on the buccal and posterior corridor widths between

patients treated with symmetric and asymmetric extraction.

Conclusion: The buccal and posterior corridor did not differ between the evaluated protocols of extractions.
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INTRODUCTION

According to the definition of Frush and Fixher,®
buccal corridor is the space between the labial surface
of the most posterior tooth and the labial commissure
during smile. However, some authors used the distal
surface of the canine instead of the labial surface of
the posterior tooth as reference.'*1823

For Sarver,?*# one of the factors that leads a pa-
tient to have a wide buccal corridor is the maxillary
position in relation to the skull base. A patient with re-
tracted maxilla, therefore, could have a wide corridor.
Although the maxilla has a normal width, the buccal
corridor might seem prominent, for the wider portion
of the dental arch is most posterior. However, a study
by McNamara'® tested this concept and verified that
there was no correlation between the buccal corridor
and the skull base.

In 1987, it was speculated that the treatment with
extractions resulted in constriction of the dental
arch, leading to formation of ‘negative’ lateral spaces.
Spahls? said that the removal of a tooth in each quad-
rant results in a reduction on the radius of curvature
of the dental arch. However, Johnson'? argued that the
dental arch is not a circle that contracts when a tooth
isremoved. This speculation stimulated some authors
to investigate the real consequence of the extractions
on the transverse dimension of the arch.%>1*

In order to have a scientific basis about the polem-
ic between extraction of premolars and arch width,
Johnson,'? through pictures, verified the proportions
of the intercanine distance and the distance between
the last visible teeth in relation to the smile width of
patients treated with and without extraction of four
premolars. It was concluded that there was no sig-
nificant difference on the proportions of the interca-
nine distance and the distance between the last vis-
ible teeth in relation to the smile width, contradicting
the speculation that the treatment with extraction of
premolars results in a discrepancy between the arch
width and the smile width. According to other au-
thors, usually the transverse dimension of the arch is
kept or increased after an extraction. What changes is
the position that the tooth occupies in the arch. The
intermolar distance may decrease after the extraction
of premolars, but it is due to the molar movement to
a narrower part of the arch. Consequently, the second
molar would occupy part of what previously would be

© 2012 Dental Press Journal of Orthodontics
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the location of the first molar, on the same arch width
where this last one was originally found.*"*

In 2003, Gianelly,® instigated by the speculation
of Witzig,>” compared through dental casts the inter-
canine and intermolar distance of patients that were
treated with and without extraction of four premolars.
It was observed that the arch width, in both groups,
was similar, except the intercanine width of the lower
arch which was 1 mm larger after treatment with ex-
tractions. Spahl,*® after reading Gianelly’s article,®
wrote a review saying that dental casts cannot give us
any information about the human face or the lip sup-
port it can or cannot provide.

However, still in 2003, Kim'* compared the chang-
es on the widths of anterior and posterior segments
of the dental arch of orthodontically treated patients
with and without extraction of four premolars. Ac-
cording to the results, there was a reduction of the
interpremolar and intermolar distance in both arches
on the extraction group, while on the non-extraction
group there was an increase. As the anteroposterior
position of premolars and molars change during the
treatment with extractions, the posterior arch width
would be better represented in a specific location, in-
stead of the intermolar and interpremolar distances.
This way, by measuring the arch width in a specific
arch length on the maxilla and on the mandible, it was
observed that the arch width on the extraction group
was larger than on the non-extraction one.

The buccal and posterior corridor widths of pa-
tients treated with asymmetric and symmetric extrac-
tions were not yet compared, which motivated the
present study.

MATERIAL AND METHODS

The sample was constituted of posed smile photo-
graphs of 48 patients from the Department of Ortho-
dontics at the School of Dentistry of Bauru-USP, divided
in two groups according to protocol of treatment. Group
1was formed by 23 patients (9 men and 14 women) Class
11, subdivision, treated with extraction of one premolar.
Group 2 was constituted by 25 patients (6 men and 19
women), being 3 Class I (1 man and 2 women), 5 Class I1
(Imanand4women) and 17 Class I1, subdivision, (4 men
and 13 women) patients treated with extraction of four
premolars. The mean age of the sample was 23.26 * 6.72
years to group 1 and 25.1 £ 6.51 years to group 2.

Dental Press J Orthod. 2012 Sept-Oct;17(5):138-44
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The basic criteria for selection of the sample in-
cluded the following features: 1) Class IT malocclusion,
subdivision, treated with extraction of one premolar;
2) class I and IT malocclusion and Class II subdivision
treated with extraction of four premolars; 3) presence
of all permanent teeth until the first molars; 4) ab-
sence of tooth size and shape anomalies; 5) absence of
active periodontal disease.

As the frontal close-up photograph of the smile
is not part of the standard photographic docu-
mentation, it was necessary to obtain it from the
48 patients of the sample. To obtain the photos, it
was used the following equipment: Photo camera
Nikon D40 (Nikon Corporation, Tokyo, Japan);
Sigma macro lens 105 mm and Sigma ring flash
(Sigma Corporation of America, New York, USA).
All photographs were obtained in manual mode,
color, with fine quality, ISO (International Orga-
nization for Standardization) 800, minimum aper-
ture at f16 and shutter speed of 60. The macro lens
was adjusted to focus the lips of the patient! at a
distance of 60 cm from the soft tissue, obtaining an
image of the lower third of the face,* which goes
from the tip of the nose to the middle of the chin.
The ring flash was standardized in multi 4.

The smile pictures were obtained with the pa-
tient sitting down, facing the researcher, so that the
lens were at the level of the lips. Each individual was
instructed to keep the natural position of the head,
which is a standard and reproducible position in an

upright and natural posture, with eyes focused in an
imaginary spot at the eyes level, resulting in a horizon-
tal vision axis."”

The patients were oriented to pose smile® as natu-
ral as possible’'* with the teeth in UMI (Usual Maxi-
mum Intercuspation). Several photographs were
taken of the same patient to choose the best one to be
included on the sample.''2%

Through the Adobe Photoshop 9.0 software (San
Jose, CA, USA) it was done the photograph cropping
that had as objective to correct the small inclina-
tions of the head and reduce the evaluated area, leav-
ing apparent only part of the skin, the teeth and the
lipg281012141521.22.23 (Fig 1), For the width and height
standardization of the photographs that should be
cropped, the widest smile from all the sample was
used as size standard, with 21 ecm of intercommis-
sural width, according to the ruler tool from Adobe
Photoshop (Fig 2). With the software manipulat-
ed to crop the photographs in a proportion of 10 x
17 cm, the height was automatically determined.
From that, the measurement to be reproduced on
the horizontal and vertical rulers of the software was
0f12.2x 21 cm. This way, all photographs maintained
real size proportions of the dental structures and the
soft tissues when seen from the same distance.

Using the Adobe Photoshop 9.0 software, six verti-
cal lines were projected on the images of the smiles
and positioned on the outer commissures, distal of
upper canines and on the distal of last visible upper

2

Kt

Figure 1- Photograph cropping. A) Original photograph. B) Photograph after cropping, reducing the area to be evaluated.

© 2012 Dental Press Journal of Orthodontics
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Figure 2 - Standardization of height and width of the photograph by the widest smile from the sample using the Adobe Photoshop 6.0 software. A) De-
termination of the standard width for photograph cropping by the intercommissural distance using a size proportion defined as 10 x 17. B) Verification of
height and width measurements to be reproduced on the remaining sample: 12.2 cm in height and 21 cm in width. €) Centralization of standard size to

be cropped and correction of head inclination. D) Cropped photograph.

posterior teeth (Fig 3). Using this lines as limits, the fol-
lowing smile attributes were measured in millimeters:

» Smile Width (SW): distance between the corners
of the lips.

» Upper Intercanine Distance (UID): distance be-
tween the most distal point on the right and the
most distal point on the left.

» Distance between the Last Visible Teeth of the
Maxilla (DLVTM): distance between the most
distal point of the last visible posterior tooth on
the right and the most distal point of the last vis-
ible posterior tooth on the left.

© 2012 Dental Press Journal of Orthodontics

Figure 3 - A) Smile width. B) Distance between the last visible teeth in
the maxilla. €) Upper intercanine distance.
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Through these measurements, the proportions in
percentage of the buccal and posterior corridor were
calculated:

» Buccal corridor: SW — UID X 100

SW
» Posterior corridor: SW - DLVTM X 100
SW

Statistical analysis

For evaluation of the researcher’s intra-examiner
error on the measurement of the buccal and poste-
rior corridors, 12 photographs (6 from each group)
were retraced and the smile attributes were mea-
sured again with an interval of two weeks after the
first measurement. The systematic errors were ana-
lyzed by applying the independent t test, according
to Houston.’ For evaluation of random errors, it was
used the Dahlberg error,* which shows the mean
variation between the first and the second evalu-
ation/measurement. The test is calculated by the

following formula: Se?=Xd?/2n. The error variation
is represented by Se,> d is the difference between the
first and the second evaluation/measurement and n
is the number of double evaluations/measurements.
The calculation of the random error was done using a
spread sheet from Microsoft Excel XP.

To test the data hypothesis of normality, it was
applied the Kolmogorov-Smirnov test for the buc-
cal and posterior corridor measurements in each
sample group.

To verify the compatibility regarding the age,
the two groups were compared with one another
by the independent t test, while the chi-square test
determined the genres proportion. Finally, the
independent t test was applied to know if there is
difference between the size of the buccal corridor
and the posterior corridor between the two groups.
All tests were performed with Statistica program
(Version 6.0; StatSoft Inc., Tulsa, OK, USA), using
a significance level of 5%.

Table 1- Results of the paired t test and the Dahlberg's formula applied to measurement of the variables smile width (SW), upper intercanine distance (UID)
and distance between the last visible teeth of the maxilla (DLVTM) to evaluate the systematic and random intra-examiner errors, respectively.

1st measurement (n = 14)

[ CEL SD

Smile attributes

Mean

2nd measurement (n = 14)

Dahlberg

SD

SW 1315 1.03 1.21 1 018
ulD 812 0.35 0.39 0.23 018
DLVTM 10.71 0.59 0.69 0.46 0.19
Table 2 - Results of the intergroup comparisons (independent t test and chi-square).
Variables Group 1(n =23) Group 2 (n = 25) p
Age 23.26+6.72 2510t 6.51 0.3400°
Gender
Masculine 9 6
Feminine 14 19 02586

*Independent t test; **chi-square.

Table 3 - Results of the independent t test to compare the percentage of the BC (buccal corridor) width and PC (posterior corridor) width between group 1
(treatment with extraction of one premolar) and group 2 (treatment with extraction of four premolars).

Group 1(n =23)

Group 2 (n=25)

Variables
[ CEL
Buccal corridor 39.46 4.01
Posterior corridor 17.76 529

Mean
3756 472 0.1416
18.53 5.60 0.6261

© 2012 Dental Press Journal of Orthodontics
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RESULTS

Table 1 shows results of the paired t test and Dahl-
berg’s formula applied to measurement of the vari-
ables smile width (SW), upper intercanine distance
(UID) and distance between the last visible teeth of
the maxilla (DLVTM) to evaluate the systematic and
random intra-examiner errors, respectively.

On Table 2, the results of independent t test ap-
plied on evaluation of compatibility of the groups
1 and 2 regarding the age are demonstrated. It also
displays results of the chi-square test regarding the
genres proportion.

Table 3 presents results of independent ¢ test, ap-
plied to compare the size of buccal and posterior cor-
ridor between the groups.

DISCUSSION
Method accuracy and
Sample compatibility

The significant absence of systematic errors and
the reduced value of detected random errors, in
this study, result from the evaluation and accuracy
of measurements of the smile attributes by the re-
searcher (Table 1).

The mean age for both groups were statistically
similar. Regarding the distribution of genres, the
groups were statistically similar although the sample
presented, numerically, more female individuals than
male individuals (Table 2).

Comparison result of buccal and posterior
corridor between patients treated with
symmetric and asymmetric extractions

One of the criticisms for premolars extraction
concerns to the relation between the arch width and
the smile width.'? Spahl?” argued that the removal of a
tooth in each quadrant results in reduction on radius
of curvature of the dental arch, contracting the arch
and leading to a dentition that is not enough to fill in
the buccal cavity during smile. In a study performed
by Johnson,'* there was no difference on the propor-
tion of intercanine width and the distance between
the last visible posterior teeth of the smile in patients
orthodontically treated with and without extraction
of four premolars, contradicting that treatments with
extractions result in a discrepancy between the arch
width and the soft tissues. Kim,"* by measuring the

© 2012 Dental Press Journal of Orthodontics
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upper and lower arch width, in a constant arch depth,
of cases treated with and without extraction of four
premolars verified that, actually, on the extraction
group the arches were from1to 2 mm wider when com-
pared to patients without extractions. In this study,
analyzing the buccal and posterior corridor width, in
cases treated with extraction of one and four premo-
lars, it was observed that there was also no statistically
significant difference between the two groups (Table
3). Itis incorrect to believe that extraction of premo-
lars results in a reduction on radius of curvature of the
dental arch, for the arch is not a circle and does not
behave as a circle.!” If the treatment with extractions
leads to a contraction of dental arches, then the buccal
corridor width in individuals with extraction of one
premolar should be smaller than the extraction group
of four premolars.

In this study, the proportions of the buccal cor-
ridor found were of 39.46% and 37.56%, while the
proportions of the posterior corridor were of 17.76%
and 18.53% for the groups with extraction of one and
four premolars, respectively (Table 3). Ritter® found
a mean value of 19.20% for the posterior corridor in
patients with good dental alignment not orthodonti-
cally treated. In alater study, McNamara'® observed an
equivalent proportion of 36.6% for the buccal corridor
and 24.71% for the posterior corridor in patients that
sought orthodontic treatment.

One factor that might have affected the results,
causing this size difference on buccal and posterior
corridors between the studies, is the illumination
condition in which the photographs were taken. As
the teeth are positioned more posteriorly on buccal
corridors, the light is reduced, which causes a gradual
darkening and, consequently, a poor observation of the
posterior teeth.>”1923 The less illumination on the pho-
tograph, the larger is the buccal corridor, for less teeth
are observed, reducing the arch width when the smile
width is the same.?” This way, what would be called
“negative space”' is not really a space, but only an illu-
sion.! This possible difference on the standardization
of illumination conditions between studies is a factor
that complicates the comparison between them.??

Clinical considerations

There was a dogma that the treatment with ex-
traction resulted in contraction of the dental arch

Dental Press J Orthod. 2012 Sept-Oct;17(5):138-44
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and led to an increase of the buccal corridor.?”
However, several studies showed that there is no
difference on the buccal corridor width between
cases treated with and without extraction of four
premolars and a control group.''** This work dem-
onstrated that among individuals treated with ex-
tractions of one and four premolars there is also
no difference on the buccal and posterior corridors
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Objective: To assess the influence of buccal corridor width on smile esthetics of male and female, Caucasian and

Afro-descendant subjects by means of digitally manipulated photographs, as well as compare assessments of full-
face view (FFV) and close-up view of the mouth (CUVM) images.

Methods: Facial photographs were taken of four adults’ smile, two Caucasians and two Afro-descendants of

both genders. The resulting images were digitally manipulated with the aim of rendering — from each original

smile — three other smiles simulating three different buccal corridor widths, namely, narrow, medium width and

wide. The rendered images, 12 of which portraying FFVs and 12 providing CUVMs, were assessed by 60 examin-

ers who rated the attractiveness of each smile by means of a visual analog scale (VAS). The data were treated with

ANOVA and Tukey’s post test to compare the different buccal corridors, and Student’s ¢ test to compare the two

image views (FFV and CUVM).

Results: Medium width buccal corridors were considered the most attractive in the four individuals investigated,

both in the assessment of FFVs and CUVMs (p < 0.05). Comparison between the narrow and wide buccal corridors,

in general, showed no statistically significant differences (p > 0.05). Furthermore, no statistically significant differ-
ence was found between the analyses of FFVs and CUVMs (p > 0.05).

Conclusion: The buccal corridor exercised a remarkable influence on smile esthetics, with the medium width

group being rated as the most attractive. No influence was exerted by the individuals’ face, ethnicity or gender.
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INTRODUCTION

The smile is the most primitive form of human
communication. It enhances facial beauty and plays
a part in defining the qualities and virtues of one’s
personality.! Its impact, however, is not linked solely
to the individual dental beauty.? A pleasant smile de-
pends directly — above and beyond the appearance of
teeth and gums — on conformity with the standards of
structural beauty, the relationship between teeth and
lips and their integration into the facial composition.!

The smile characteristics regarded as the most
important ones are: The smile arc, dental alignment,
tooth color and shape, incisal edge regularity, amount
of incisor and gum display, and buccal corridor.>® The
buccal corridor concept emerged during the 50’s out
of concern with ensuring natural looking dentures.®”
This aspect of smile esthetics, also called lateral dark
space, lateral negative space or “shadow tunnel,”
constitutes the existing dynamic space that appears,
when a person smiles, between the labial surface of
maxillary posterior teeth and the inner mucosa of the
soft tissues that form the corners of the mouth and
the cheeks.'%#1° This space arises from the dark back-
ground of the mouth, and depends on the shape and
width of the upper dental arch and the facial muscles
responsible for the breadth of the smile."

Although some information on the ideal buccal
corridor size is available in the literature, most of it
is based on clinical opinions, whereas the scientific
studies that addressed this issue yielded controversial
outcomes.?'®1>1¢ Several studies showed that broad
smiles with narrower buccal corridors are seen as
more attractive.’®'*1° On the other hand, other authors
noted that buccal corridor width does not affect how
the smile is judged from an esthetic viewpoint.3101215
Likewise, according to Isiksal et al,"” transverse char-
acteristics seem to be of little significance in smile
attractiveness. By the same token, some researchers
argue that the lateral negative space influences smile
esthetics only when it becomes excessively wide.'?

Other issues related to this debate can also be
found in the literature: The possibility that culture
can influence esthetic perception, and the differences
in perception between different genders and ethnici-
ties. To illustrate this point, articles that investigated
the esthetic influence of the buccal corridor used
Caucasian women’s smiles,®'%1#16 thereby raising the
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question of whether these findings can be used to as-
sess men’s smiles and Afro-descendant individuals.
Moreover, another issue relevant to the dispute is that
esthetic preference for specific features may vary be-
tween individuals of different countries,'® which calls
into question the use of esthetic parameters in places
where the research has not been conducted.

The lack of consensus between results found in the
literature,®'*>1° combined with the scarcity of data
on the esthetic preference for male smiles and Afro-
descendant individuals, and especially the absence of
studies that reveal the esthetic preference of the Bra-
zilian population demonstrates the need for further
research in this area. Thus, the aim of this study was to
assess the influence of buccal corridor width on smile
esthetics of male and female, Caucasian and Afro-de-
scendant subjects by means of digitally manipulated
photographs, as well as to compare assessments of
these photos in full-face view (FFV) and close-up view
of the mouth (CUVM).

MATERIAL AND METHODS

Eight photographs were selected from the image
databank of the Orthodontic Department ofthe School
of Dentistry, Bahia State Federal University. Four of
these images depicted a full-face view (FFV) and the
other four, a close-up view of the mouth (CUVM) of
four adult individuals, i.e., two Caucasian - one from
each gender - and two Afro-descendants, also from
both genders. The ethnicity of these individuals was
characterized using the classification parameters es-
tablished by the Brazilian Institute of Geography and
Statistics IBGE) (Sao Paulo State Health Secretariat/
USP/FSP, IBGE, 2000). Images were selected for ex-
hibiting adequate dental alignment, proper display of
the upper incisors on smiling, coincidence of the up-
per and lower midlines with the facial midline, and no
apparent facial asymmetry.

After selection, the images were digitally manipu-
lated using Adobe Photoshop” 9.0 software (Seattle,
Washington, USA). In order to standardize and ren-
der more accurate the analysis and changes, dental
inclinations and gingival contours were corrected in
all original photographs, and a near golden ratio was
obtained in one half of the smile. This digitally ma-
nipulated half of the face was duplicated in order to
become completely symmetric.
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Thereafter, the buccal corridor was changed in or-
der to produce three widths: Narrow, medium width
and wide. To define these standards, the distance be-
tween the outer commissures of each smile was mea-
sured and a space between the outer commissure and
the labial surface of the last viewed maxillary molar was
established. On the narrow buccal corridor this space
was defined at 6% of the distance between the outer
commissures, with 3% for each side; on the medium
width corridor, 16%, with 8% for each side; and on the
wide corridor, 26%, 13% for each side. During this sec-
ond phase of digital manipulation only the tooth posi-
tions and their gingival margins were changed. The
three images depicting the narrow, medium width and
wide buccal corridors, at the two different views, of the
Caucasian female can be seen in Figures 1 and 2.

Two photograph albums were organized with the
three images of each individual on the same page. One
album comprised images showing each individual’s
full face whilst in the other album, the images in close-
up view. Each photograph was randomly laid out on
the pages as was the sequence of photographs of each
individual in the album.

Inorder to assess the 24 images, a group of 60 judg-
es — 30 orthodontists and 30 laypersons with gradu-
ate degrees in different areas — was deployed. Raters
were made aware of study goals and signed a free and
informed consent form. Along with the albums, each
examiner received a form comprising eight rulers
(visual analog scale),'*®! one on each page, and were
then requested to mark with a dot, identify the letter
corresponding to the image, and rate each image ac-
cording to their perceived attractiveness. Each judge
was allowed to mark the dot anywhere on the ruler
and place two or more letters at each dot, if neces-
sary. The visual analog scale®****?° was 10 cm long and
had “VERY BAD” written on the left end and “VERY
GOOD?” at the opposite end. The center of the ruler
was marked with a dash to give raters a perception of
“average.” The distance (in mm) between the rater’s
mark and the left end was measured with a Mitutoyo
digital caliper, and served not only as a parameter for
judging the attractiveness of each smile, but also con-
stituted the actual rating assigned by each examiner.

The data were compiled and treated statistically. Kol-
mogorov-Smirnov test was employed to ascertain that

Figure 2 - Images of Caucasian woman's smile in close-up view of the mouth, showing narrow (A), medium width (B) and wide (C) buccal corridors.
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the sample had a normal distribution. Next, after estab- medium width buccal corridors were considered the
lishing sample normality, ANOVA and Tukey’s post test most attractive ones (p < 0.05). When comparing nar-
were used to compare the different widths of the buccal row vs. wide corridors, statistically significant differ-
corridor, while Student’s  test was applied to compare ences arose on occasion, with narrow corridors show-
the assessments made of FFV vs. CUVM images. A 95% ing superiority in the Afro-descendant woman in both

significance level was adopted in all analyses. views (FFV and CVVM), and in the Afro-descendant
man, in FFV assessments (p < 0.05).

RESULTS Table 3 shows unpaired Student’s ¢ test comparing

Tables 1 and 2 show the means and standard devia- assessments of full-face (FFV) images with close-up

tions of the level of attractiveness exerted by the dif- views of the mouth (CUVM). As can be seen, no statis-

ferent buccal corridor widths on the raters regarding tically significant difference was found between these
the female and male smiles, respectively. In all cases, two types of assessment (p > 0.05).

Table 1 - Means and standard deviations of the attractiveness levels of Caucasian and Afro-descendant women's smiles, according to different buccal
corridor widths, in both image views (FFV and CUVM) (ANOVA and Tukey's post test).

Sl Caucasian Woman Afro-descendant Woman
SD Results* SD Results*
A-Narrow 49.03 27.81 54.49 29.98
Close-up view (CUVM) B-Medium 75.90 22.97 B>AC 80.51 22.06 B>A>C
C-Wide 38.12 24.39 31.72 24.35
A-Narrow 4773 27.88 4919 2595
Full-face view (FFV) B-Medium 72.24 23.32 B>A,C 84.39 19.39 B>A>C
C-Wide 35.81 25.00 35.39 2346

*Images with the same letter do not differ significantly (p < 0.05).

Table 2 - Means and standard deviations of attractiveness levels of Caucasian and Afro-descendant men's smiles, according to different buccal cor-
ridor widths, in both image views (FFV and CUVM) (ANOVA and Tukey's post test).

e Caucasian Man Afro-descendant Man
SD SD
A-Narrow 4451 2791 48.37 28.96
Close-up view (CUVM) B-Medium 75.06 22.69 B>A,C 76.46 21.28 B>A,C
C-Wide 43.50 25.39 39.00 2710
A-Narrow 4915 26.06 49.40 27.66
Full-face view (FFV) B-Medium 7210 24.30 B>A C 7794 2014 B>A>C
C-Wide 40.96 2756 3335 25.09

*Images with the same letter do not differ significantly (p < 0.05).

Table 3 - Mean and standard deviation of attractiveness levels of male (M) and female (F) smiles, in close-up and full-face views (Student unpaired t test).

Afro-descendant (M) Caucasian (M)  Afro-descendant (F) Caucasian (F)

Buccal corridor

Mean SD Mean SD Mean SD Mean SD
Narrow 4837 28.96 4451 2791 54.49 2998 4903 2781
Close-up view Medium 76.46 21.28 75.06 2269  80.51 22.06 7590 2297 !
Close-up view
Wide 39.00 2710 4350  25.39 3172 24.35 3812 2439 =
Narrow 49.40 2766 4915 2606 4919 25.95 4773 2788 Full-face view
Full-face view Medium 7794 2014 7210 2430  84.39 19.39 7224 2332 (p>0.05)
Wide 33.35 25.09 4096 2756  35.39 23.46 3581 2500
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DISCUSSION

The impact of buccal corridor width on the smile’s
esthetic perception is still controversial. Parekh et al®
argued that this feature does not contribute signifi-
cantly to smile attractiveness. However, they included
changes in the smile arc and lateral dark space in the
same analysis. Johnson and Smith,® and Gianelly'
compared the esthetics of the smile after treatment
with and without extractions and found no differ-
ences. Roden-Johnson et al’® and Ritter et al*® cor-
roborated these findings when reporting that buccal
corridor does not influence the esthetic evaluation of
smile photographs.

Unlike these findings and agreeing with Dunn et
al,?® the results of this study demonstrated that vary-
ing buccal corridor widths significantly affected smile
attractiveness. This influence was not affected by gen-
der, coinciding with the findings of Moore et al,** nor
by ethnicity, as shown in Tables 1 and 2. By the same
token, these findings support the study of Tedesco et
al,?* who found that ethnicity and gender do not inter-
fere with the judgment of dentofacial attractiveness.

In all subject categories, the medium width buc-
cal corridor — with a 16% distance between the outer
commissures — was considered the most pleasant one.
This result was similar to the one found by Gracco et
al,* who detected a preference for an image with buc-
cal corridor equivalent to 18.46% of the width of the
smile, and disagreed with Moore et al,"* who reported
as more attractive a smile with a lateral negative space
of 2%. Such difference may have occurred as a result
of the fact that in the study by Moore et al,* the buccal
corridor was measured based on inner commissures.
Moreover, their method for changing the variable was
different, i.e., the intercanine width was maintained
while the number and width of the posterior teeth
were modified.

A comparison between the narrow and wide buc-
cal corridors after analyzing the four individuals stud-
ied showed greater predilection for the narrow buc-
cal corridor in the Afro-descendant woman, in both
views, and for FFV only in the Afro-descendant man.
No other statistically significant difference was found
between them. These findings disagrees with other
studies in which broad smiles with narrow buccal
corridors were considered more attractive.**'*2° This
divergence underscores the need for further studies
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involving esthetic parameters for Afro-descendant in-
dividuals, which was also noted by Suzuki et al.?*

The present study utilized full-face and close up
smile photographs based on the assertion of Parekh et
al.° that photographic images enable the evaluation of
a given aspect or combination of elements which can
be accurately and reliably modified at will. Accord-
ing to these authors, if a proper evaluation is to be
achieved, images should be standardized by removing
any elements that might distract an examiner’s atten-
tion. For this reason, in all original photographs some
corrections were made in order to adjust the smiles is
such manner as to allow the individualization of the
main variable studied, i.e., the buccal corridor.

In several studies, authors have compared pho-
tographs of smiles with different buccal corridor
widths.>1%141523 Some modified the same smile by add-
ing or removing teeth,>'° changing the width of the
teeth starting from the first maxillary premolars,* or
changing the number and transverse width of poste-
rior teeth.!* Others compared smiles of different in-
dividuals whose lateral dark space shared no similar-
ity, either by extracting premolars or otherwise.!>?
In this study the lateral dark space was changed
by altering tooth position, starting from the upper
canines, since, according to Frush and Fisher,' al-
though the buccal corridor can only be viewed poste-
riorly to the canines, the position and inclination of
these teeth control their size and shape. This is due
to the fact that canines play a key role in shaping the
dental arch, which can be attested to when mounting
teeth in a complete denture.

This study also assessed manipulated images in two
views: Full-face view (FFV) and close-up view of the
mouth (CUVM). The results showed no statistically
significant difference between the two views (p>0.05).
These findings corroborate the literature,?**® show-
ing that for the evaluation of the esthetic influence of
different buccal corridor dimension, that both views,
i.e., full-face view, including nose, hair, eyes, face fea-
tures, etc., and close-up view, highlighting only the
smile, afford the same level of perception. Likewise,
Gracco et al,’ suggest that in assessing smile esthetics
through photographs it would be advisable to employ
images that exhibit subjects’ lips only so as to keep the
focus on the smile itself and avoid distractions from
other facial features. Moreover, authors argue that the
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esthetic impact made by showing the teeth is reduced
in FFV, thus recommending the use of full-face photos
to assess smile esthetics.?

This study made use of a visual analog scale which
allowed fast and straightforward measurements to be
taken while streamlining and clarifying the process
for the raters. This scale recently gained in popularity
to measure subtle differences in dental and facial at-
tractiveness.!*'*" Maple et al” stated that grading with
a continuous variable enables greater freedom in data
analysis, averting bias related to preferred values, as is
the case in the scale of numeric intervals.

In the past, studying smile esthetics was a more
complex task since it was difficult to standardize ac-
tual models and to change the variables of interest.
More recently, however, given the ability to digitally
manipulate images of the same subject, changing the
region of the buccal corridor and having the images
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Capture, analysis and measurement of images
of speech and smile dynamics
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Introduction: Dynamic analysis of smile and speech makes it easier to identify the features that define facial
esthetics while allowing researchers to study different variables and observe the effects of aging.

Objective: The aim of this study is to present a method for capturing, analyzing and measuring video images to
support the study of speech and smile dynamics.

Methods: Natural head positioning was standardized with the aid of a head holder (cephalostat). Image acquisition is
performed with a video camera attached to a tripod, positioned at a fixed distance of 0.90 m. The subjects are trained
to say out loud: "Tia Ema torcia pelo antigo time da Tchecoslovaquia” and then to smile. The resulting images are frag-
mented and yielded four pictures that best represent a resting position, the least exposure of maxillary incisors, the
greatest exposure of upper and lower incisors, and a posed smile. A freeware computer program called VIDEOMED

was used to carry out measurements.

Conclusion: The method presented in this study is an effective resource to record images captured during rest,
speech and smile, thereby enabling a better understanding of changes in perioral soft tissues.

Keywords: Aging. Video recording. Facial expression.
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Capture, analysis and measurement of images of speech and smile dynamics

INTRODUCTION

In orthodontics three methods are commonly
suggested when studying the smile, namely: Quali-
tative, semi-quantitative and quantitative methods.
The qualitative method is strictly visual. Typically, an
orthodontist will look at a patient’s smile and assess,
for example, the smile line height. In the semi-quan-
titative method, analysis of the smile is performed by
means of photographs, and in the quantitative method
smile line height is determined with the aid of instru-
ments. Measurements range from the simplest to the
most sophisticated approaches.!

Capturing the smile image through photog-
raphy presents certain difficulties: Photograph
standardization is difficult due to differences in
camera positioning, control of the distance to
the focal point of the patient, head angle and the
clinician’s inability to capture the social smile
twice in different photographic sessions.?

Image capture with a camera and video edition
for subsequent analysis with computer programs
seems to be a highly efficient method in the dynamic
analysis of speech and smile. Ackerman et al>** spear-
headed the development of this technique. According
to Maulik and Nanda,® videos allow researchers to se-
lect frames, increasing accuracy when choosing the
images that more faithfully depict posed smiles and
incisors exposure during speech while concurrently
enabling observation of the patient in conversation.
This also facilitates the identification of strengths and
weaknesses in facial esthetics, allowing observation of
the effects of aging on perioral soft tissues.*

Exposure of anterior teeth is not the same dur-
ing speech vs. smile. This is evidenced in the rest,
speech and posed smile video clips. A reasonable
camcorder can record thirty frames per second, pro-
ducing a five-second video clip in a total of about
one hundred and fifty frames.?

This study aims to present a method to enable the
capture, analysis and measurement of images through
videos clips as a foundation for studying the dynamics
of speech and smile.

MATERIAL AND METHODS
Image capture

Natural head position should be chosen, and for
this reason a head holder (cephalostat) was used as
the gold standard to stabilize the head of each indi-
vidual. In this case, ear positioners restricted exces-
sive lateral movements and the nasion positioner lim-
ited vertical movements (Fig 1).

Image capture can be performed by any video
camera that uses digital tape MINI-DV format (for
example: Sony model DCR-HC15 VTSC). The camera
was attached to a tripod and positioned at a fixed dis-
tance in a straight line of 0.90 m between the patient’s
face and the camera lens. A second tripod should be
positioned with an acrylic plate having a millimeter
marker, of known dimension (30 mm x 50 mm) po-
sitioned flush to the patient’s lips and orthogonally
to the camera, for later image calibration in the com-
puter program. This marker must fully cover the lips
of the individual, and the upper portion of the plate
should be parallel to the ground. Both tripods have

Figure 1 - Image capture: A) Positioning participant in head holder (cephalostat) and capturing
image with acrylic calibration plate, B) capturing posed smile, C) acrylic plate used for calibration
of image with bubble level.

© 2012 Dental Press Journal of Orthodontics
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to have a bubble level indicator to ensure parallelism
of the camera and the acrylic plate with the floor. An
additional bubble level was then positioned on the
acrylic plate, in order to ensure greater accuracy in its
positioning in the horizontal plane (Fig 1).

After leveling, the bubble level can be removed,
once the tripod has been properly adjusted. The cam-
era must be raised to the level of the lower face, with
the lens perpendicular to the ground. The captured
image will be that related to the lower face, so that
the mouth of the subject is in the center of the cam-
era’s LCD display. Due to variations in facial heights
between individuals, the resulting images may suffer
differences in the framework.

To standardize the analysis of exposure of the
teeth and soft tissues at different time intervals, the
pronunciation of the same phrase can be employed.
The sentence in Portuguese: “Tia Ema torcia pelo an-
tigo time da Tchecoslovdquia” followed by a smile was
created with the guidance of a speech therapist who
translated it phonetically from its original in English:
“Chelsea eats cheesecake on the cheasapeake” created
by Ackerman and Ackerman?in 2002 for capturing the
greatest exposure of the incisor teeth during speech.
According to Morley and Eubank,® enunciation of the
phoneme “M” is used to obtain the exposure of the in-
cisor teeth at rest. This phoneme was therefore added
to record the lowest exposure of the incisors.

Shooting then begun, with a light source and dif-
fuser being used as indirect lighting, with the cali-
brator positioned in front of the mouth for further
calibration. This calibrator was then removed to
visualize the pronunciation of the sentence previ-
ously trained, beginning at rest, and ending the ses-
sion with a smile.

Video editing

The videos obtained were transferred to a com-
puter, using Adobe Premiere Pro 2.0 software (Ado-
be Systems Incorporated, USA), in order to generate
files in AVI format. The resulting videos have on av-
erage 12 seconds duration with an average 47 MB file
size, in a total of about 360 picture frames per video.
Thesevideoswere analyzed and splitup atrest,during
speech and smile, in order to produce the four static
frames (corresponding to a photograph) that best
represented a resting position, the least exposure of

© 2012 Dental Press Journal of Orthodontics
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maxillary incisors, the greatest exposure of maxillary
and mandibular incisors, and a posed smile.

The first frame selected was the image of a resting
position, where the length of the lip and the height of
the commissures were measured. Following the video
sequence, the next frame showed the end of the ut-
terance of the syllable “ma” in the word Ema; where
the amount of maxillary incisor exposure, considered
as the lowest exposure in speech was measured. On
enunciation of the syllable “tche” in Tchecoslovaquia,
maxillary incisor exposure considered as the great-
est exposure during speech was measured, as well as
the amount of mandibular incisor exposure, if it ever
came into view. As regards to the posed smile, mea-
surements were made of the maximum maxillary inci-
sor exposure and gingival exposure (Fig 2).

To ensure an accurate choice of picture frames it
was necessary to carefully observe all the video frag-
ments of each individual, so that only those that best
represented each particular frame could be selected.
Figure 3 shows nine different frames extracted from
the same video, where frame number 6 best repre-
sents the ending utterance of the phoneme “tche.”

Measurements in the selected frames were per-
formed with the aid of a specific freeware program
for measuring distance and area on video, called
VIDEOMED 1-16.9.2002 ALPHA (version PAEDD)
produced in the Multimedia Laboratory of the Elec-
tronic Computer Center of the Federal University of
Rio de Janeiro. This program allowed researchers to
view the images and hear the speech of the subjects,
which facilitated the selection of frames correspond-
ing to each phoneme. To use VIDEOMED, it was exe-
cuted initially the calibration of the image (obtained
with the calibration plate positioned in front of the
areatobe measured) with linear correction factor for
X andY, thus enabling measurements with the lowest
error coefficient possible (Fig 4). Using a cursor and
a lens that magnified the view of the marked points,
it was possible to carry out specific measurements in
each selected frame.

Image analysis

Direct measurements were made of each indi-
vidual’s cervical incisal height of the maxillary right
central incisor and mandibular right central incisor
with a digital caliper. This measure was obtained by
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Figure 2 - Selection of four picture frames:
A) At rest; B) uttering syllable “ma” - consid-
FONTO MO Denivads : i 1| ronto Ancomnvesamade ered the least exposure of maxillary incisors
| during speech; €) uttering of syllable “tche” -
considered as the moment of greatest expo-
sure of maxillary and mandibular incisors;
D) posed smile.
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Figure 3 - Different pictures frames showing utterance of syllable “tche”. Frame no. 6 best represents utterance of this phoneme.
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Figure 4 - Image frame captured for calibration on computer and subse-
quent measurement using VIDEOMED software.

the distance between the incisal edge and the neck
of the tooth in question, in the direction of its long
axis. In each frame analyzed, specific measures on
the teeth and soft tissue could be assessed. Note-
worthy among these were:

A) Lip length (LL): Measured in millimeters
from the base of the nose, on the midline, as
far as the lowest portion of the upper lip ver-
million, on the philtral column, at rest. This
imaginary line must pass through the arch of
the cupid.

B) Lip commissure height (LC) and (RC): Mea-
sured from a vertical line tangent to the exter-
nal commissures and perpendicular to a hori-
zontal line passing through the lower portion
of the bases of the nose wings.

C) Least exposure of maxillary incisors during
speech (EMA): Measurement of the cervical
incisal length of the maxillary right central in-
cisor exposed at the end point of utterance of
the syllable “ma,” in the word Ema.

D) Maxillary incisor exposure during speech
(TCHE): Measurement of the cervical incisal
length of the maxillary right central incisor
exposed during the utterance of the syllable
“tche,” in the word Tchecoslovaquia.

E) Mandibular incisor exposure during speech
(TCHE lower): Measurement of the cervical in-
cisal length of the mandibular right central inci-
sor exposed during the utterance of the syllable
“tche,” in the word Tchecoslovaquia.

© 2012 Dental Press Journal of Orthodontics

F) Maximum exposure of maxillary incisor during
posed smile (SMILE): Measurement of the cer-
vical incisal length of the maxillary right central
incisor exposed during posed smile.

G) Gingival exposure during smile (GE): Measure-
ment of the amount of gum exposed during
posed smile: Distance between the lower edge
of the upper lip and the gingival margin of the
maxillary right central incisor. Exposure of a
strip of gum above the maxillary right central
incisor was regarded as a positive value. The
value was considered zero when the lower edge
of the upper lip was leveled with the gingival
margin of the incisor. It was considered nega-
tive, when one cannot view the total cervical
incisal length of the maxillary right central in-
cisor, which was calculated by subtracting the
measurement of incisor exposure during smile
from its total length.

To determine the reliability and validity of the
method presented, 124 subjects were randomly se-
lected at the School of Dentistry of Rio de Janeiro
State University to voluntary participate in the shoot-
ing in question.

The intra-class correlation test regarding the re-
producibility of the operator showed a high correla-
tion (1.0) considering the level of significance of 5%.
The reliability of the method was evaluated measuring
two times each variable in the subjects investigated,
with an interval of 1 week. The intra-class correlation
test was used for this assessment, obtaining also for
all variables a high correlation coefficient considering
the level of significance of 5% (Table 1).

Table 1 - Intra-class correlation coefficient between the first and second
measurement of the variables in the subjects investigated.

Variables Intra-class correlation

EMATXEMA 2 0.991
TCHE 1X TCHE 2 0.998
SMILE 1 X SMILE 2 0.989

TCHE low 1 X TCHE low 2 0.974
LLTXLL2 0.975
LC1XLC2 0.981
RCTXRC2 0.962
GETXGE2 0.996
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DISCUSSION

Incisor and gingival exposure, as well as
the lip shape are significantly different during
speech vs. smile. These differences can be ob-
served when evaluating the smile images and
the pronunciation of certain phonemes.” The
few studies that have investigated these factors
report that these methods are reliable.!

Studies of this nature pose difficulties owing to the
labiodental characteristics, facial mobility and the
complexity involved in acquiring images that repre-
sent such characteristics in each patient evaluated,
with faithfulness and reproducibility, and which can
be repeated at different time intervals.?

In this method, image capture was accomplished
by filming with a digital camcorder, to ensure the re-
cording of more accurate observations of facial dy-
namics during a conversation. It was used a head
holder to standardize head positioning in natural and
orthogonal position to the camera, in order to reduce
the variation in this position, which could alter the
angle of observation and thus the analysis of the arch
of the smile, the gingival margin, incisors length, axial
tilt, in agreement with other studies.?8?

The development of a method capable of captur-
ing, analyzing and measuring the recorded images
in a reliable and relatively simple manner, was made
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possible thanks to the availability of a program devel-
oped at the Multimedia Electronic Computer Center
from the Federal University of Rio de Janeiro. This
method made it possible to observe the images of dy-
namics facial in the form of a video clip, split them
frame by frame and select the ones that best represent
the variable being examined.

Due to the great difficulty in capturing a reproduc-
ible smile to analyze labiodental characteristics, this
studyusedwhatiscalledaposedorsocialsmile,whichis
consideredmorestaticand thereforereproducible.!®?

A standardized videography provides the clinical
orthodontist a greater number of images for selec-
tion of labiodental relationship parameters. Due to
likely variations in the smile of adolescents, over time,
photographs are rendered inadequate for evaluating
treatment effects or changes caused by aging.”

CONCLUSION

This method makes possible an effective recording
that supports image capture during rest, speech and
smile, while allowing the analysis and measurement
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Evaluation of immediate soft tissue changes after rapid
maxillary expansion

Ki Beom Kim', Daniel Adams?, Eustaquio A. Aradjo?, Rolf G. Behrents*

Objective: To evaluate immediate soft tissue changes following rapid maxillary expansion (RME) in growing pa-
tients, using cone beam computed tomography (CBCT).

Methods: Twenty-three consecutive patients (10 male, 13 female) treated by RME were selected. Patients were scanned
using CBCT prior to placement of the rapid maxillary expander (T ), then immediately following full activation of the
appliance (T)). Defined landmarks were then located on the pre- and post-treatment orientated images. Change inland-
mark position from pre- to post-treatment was then measured. In addition to landmarks, 10 direct measures were made
to determine distance change without regard to direction to measure soft tissue change of the lips.

Results: Significant transverse expansion was measured on most soft tissue landmark locations. All the measures
made showed significant change in the lip position with a lengthening of the vertical dimension of the upper lip,

and a generalized decrease of anterior-posterior thickness of both the upper and lower lips.

Conclusions: Significant changes in the soft tissue do occur with RME treatment. There is a transverse widening of
the midface, and a thinning of the lips.

Keywords: Palatal expansion technique. Cone beam computed tomography. Corrective orthodontics.
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INTRODUCTION

Rapid maxillary expansion (RME) has been
shown to produce an increase in arch width and pe-
rimeter to allow correction of posterior crossbites
and provide space to alleviate crowding of the den-
tition.*? The hard tissue changes that take place
have been well documented in the literature.>**1°

Compared with the large amount of information
available about the hard tissue changes associated
with RME, there is a relatively small amount of in-
formation available regarding soft tissue changes.
Karaman et al evaluated soft tissue changes induced
by RME. They used lateral cephalograms taken on
20 patients pre- and post-RME treatment. They
found that the nose tip and soft tissue A point fol-
lowed the anterior movements of the maxilla and
maxillary incisors.”

Available studies, however, largely neglect struc-
tures lateral to the midline. Studies of soft tissue
change involving facial regions lateral to the mid-
line are limited partly because these structures are
not identifiable on traditional two-dimensional
cephalograms.'? Also it is somewhat difficult to
identify soft tissue landmarks reliably due to the
nature of these tissues.!**

One attempt to measure regions lateral to the
midline in RME cases was made by Berger et al.”®
They measured facial changes based on measure-
ments made from two dimensional digital photos
and found changes in several areas. Using this meth-
od they documented some changes that take place in
the soft tissue when viewed from a frontal view.

With more information becoming available
through the more widespread use of Cone Beam
Computed Tomography (CBCT) in orthodontics,
there are greater opportunities for study of the ef-
fects orthodontic treatment on the soft tissues.
Progress in software development now allows for
better manipulation and viewing of the CBCT im-
ages, which permits the collection of information
that is reliable and precise.!

The purpose of this study was to evaluate the im-
mediate soft tissue effects of RME using CBCT.

MATERIAL AND METHODS

Records of 25 patients were collected from an
orthodontic private practice, which were consecu-

© 2012 Dental Press Journal of Orthodontics

tively treated with RME. All patients had been diag-
nosed with a skeletal transverse discrepancy, or arch
length discrepancy and undergone RME treatment
according to a standard protocol and performed by
a single orthodontist.

Exclusion criteria consisted of patients with severe
skeletal asymmetry, including those with craniofacial
anomalies. Patients who had orthodontic treatment
before treatment with RME were also excluded.

Because of the exclusion criteria, the final sam-
ple consisted of 23 patients (10 male, 13 female).
The mean age of the patients at the time of the first
CBCT image was 12.3 £ 2.6 years, with a range of 8.3
to 17.8 years. The second CBCT image was taken a
mean of 22.8 days later with a range of 14 to 37 days.

Each patient had been treated with a fixed rapid
maxillary expander. The expander used in all cas-
es was manufactured by Dentaurum (Dentaurum
Group, Ispringgen, Germany) and contained a 7 mm
expansion jackscrew. The stainless steel appliance
was soldered to orthodontic bands on the maxillary
first molars, with supporting arms extending ante-
riorly to the premolar and canine regions (Fig 1).

The rapid palatal expander was activated two one-
quarter turns (0.2 mm each quarter turn) upon de-
livery of the appliance, then by one one-quarter turn
twice aday by the patient or parent until the required

Figure 1- Model of palatal expander used on patients in this study.
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expansion was achieved. Each patient received two
CBCT scans, one prior to the delivery of the appli-
ance (T ), and one immediately following the active
expansion phase of treatment (T1)~ All scans were
taken by the same technician with the patient seated
in a vertical position. The patients were stabilized
with teeth together in centric relation, and with the
Frankfort horizontal plane parallel to the floor. The
Classic i-CAT CBCT scanner (Imaging Sciences In-
ternational, Hatfield, PA) was used for all scans, and
required 20 seconds for each scan, with voxel size set
at 0.4 mm. Each data set was assigned a number to
eliminate the possibility of patient identification and
imported to Dolphin Imaging 10.5 software (Dolphin
Imaging and Management Solution, Chatsworth,
CA). The image was orientated along the mid-sagittal
plane (z plane), Frankfort horizontal plane (x plane),
and a coronal plane (y plane) extending through the
anterior wall of the right and left external meatus.
The image was orientated first to the mid-sagittal
plane (determined by nasion and sella), then the
horizontal plane was created perpendicular to the
sagittal plane and rotated until it was parallel to and
aligned with Frankfort horizontal plane. Finally the
coronal plane was created perpendicular to the two
already established planes, and set against the ante-
rior wall of the right external meatus (Fig 2).

Figure 2 - Standard orientation using three-dimensional planes.

© 2012 Dental Press Journal of Orthodontics

Landmark assessment

Placement of landmarks was accomplished us-
ing Dolphin Imaging software. This allows for points
to be defined three-dimensionally using x, y, z Car-
tesian coordinate system, based on the 3 planes of
orientation. A series of 20 landmarks were placed on
each pre- and post-treatment scan and their three-
dimensional changes were determined by their x, y,
z coordinates (Fig 3). The landmark at the tip of the
nose was located on only 8 patients because it was not
captured in the field of view on the other 15 patients.

Most of the landmarks change noted as the result
of treatment was measured in the transverse plane.
To detect changes in the transverse plane, the x co-
ordinate values were used. To measure anteropos-
terior change the z coordinate values were used. A
list and definition of all the landmarks placed can be
found on Table 1, this table also shows the plane of
measurement used for each landmark.

In addition to the landmarks, 10 direct measures
were made between two defined points. One direct
measure was also made on the post-treatment im-
age of the mesial and distal aspects of the rapid pala-
tal expander to assure expansion had taken place.
These measures show the change in distance be-
tween two points without regard to the direction of
change. All but one of these measures was made using

Figure 3 - Frontal view with soft tissue landmarks.
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Table 1 - Definitions of anatomic landmarks.

Landmark Definition Measured plane
Exocanthion (Ex) Lateral commissure of the eye recorded bilaterally X
Endocantion (En) Medial commissure of the eye, recorded bilaterally X

Apex of nose (AN) Soft tissue over the junction of the nasomaxillary suture and nasofrontal suture, recorded bilaterally X
Soft tissue nasion (Na) Point of intersection between the sella-nasion line and the soft tissue profile z

Soft tissue zygion (Zy)

Bridge of Nose (BN)

Soft tissue over most lateral point of the zygomatic arch, point determined from
frontal view, recorded bilaterally

Soft tissue on mid-sagittal plane over the tip of the nasal bone, extended parallel to FH plane z

Soft tissue over infraorbital  On frontal view located the superior anterior extent of the infraorbital foramen, landmark placed on soft

X, Z
foramen (INF) tissue over that point, extended parallel to FH plane, recorded bilaterally
Viewed frontal and inferiorly where nasal alar meets face on the inferior
Alar base (AB) . X
border of nose, recorded bilaterally
Nose tip (NT) Most anterior point of the nose recorded on the mid-sagittal plane z
Subnasale (Sn) Point at which the nasal septum merges, in the mid-sagittal plane, with the upper lip z
Lower midface (LMF) Soft tissue over the center of the upper first molar crown, exter?ding perpendicular from the mesiodistal «
plane of the crown, recorded bilaterally
Lip commissure (LC) Point of union of the upper and lower lip, recorded bilaterally X

Stomion (St)

Median point of the mouth when the mouth is closed

a two-dimensional axial image generated from the
three-dimensional CBCT image. These axial images
were created parallel to the Frankfort horizontal plane
at the level of the centers of the crowns of the incisors
in the mandible and maxilla. These were used to mea-
sure changes in the thickness of the upper and lower
lips. Five measures were made on the upper lip; one
measure at the mid-sagittal, and one over each of the
four maxillary incisors. This measurement was taken
by determining the mesiodistal axis of each tooth and
constructing a perpendicular bisector from the tooth

outwardly to a point on the soft tissues. (Fig 4). There
were four similar measures taken on the lower lip one
over each mandibular incisor (Fig 5). The tenth mea-
surement was taken on the frontal view of the three-
dimensional image of the soft tissues between subna-
sale and stomion. This measurement was used to as-
sess changes in the vertical length of the upper lip. All
of the measures taken were recorded in millimeters.
The change was then averaged for five measures on the
upper lip and the four measures on the lower lip to de-
scribe the average change in the thickness of each lip.

Figure 4 - Measurements of the upper lip thickness: 1) midsagittal plane,
2) left central incisor, 3) left lateral incisor, 4) right central incisor, 5) right
lateral incisor.
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Figure 5 - Measurements of the lower lip thickness: 6) right central inci-
sor, 7) right lateral incisor, 8) left central incisor, 9) left lateral incisor.
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Statistics

For the landmark-based assessments, measure-
ments describe the amount of change in the specific
plane being investigated. Direct measures between
landmarks describe the absolute amount of change
between the two points independent of the direc-
tion of change. All statistics were calculated using
SPSS 14.0 Statistical Software (SPSS, Inc., Chica-
go, IL). In order to determine the significance of de-
scribed changes, a paired t-test was used. The level
of significance was defined as p<0.05.

To asses the accuracy of landmark placement
and repeated measures reliability testing was per-
formed. Three of the twenty-three patients were
randomly selected and all landmarks and mea-
surements were duplicated. A Cronbach’s alpha
test was executed on repeated measures. A perfect
score equals 1.00, while a Cronbach’s alpha greater
than or equal to 0.80 is considered an indicator for
a reliable technique. Reliability testing was also
used to determine the accuracy of the method of
orientation. This was calculated by placing land-
marks in non-changing areas of the skull, in this
case on the anteriosuperior border of the right and
left foramen ovale.

RESULTS

All landmarks had a Cronbach’s alpha above
0.80. The intraclass correlation coefficient showed
all the landmarks to be reliable. The lowest of the
Cronbach’s Alpha measurements reported was 0.84
for subnasale. Reliability testing of the orientation
method using the Cronbach’s alpha showed the x
and z alignments to be reliable; the y-axis was not
show to be reliably located. No measures were taken
using the y-axis in this study.

The mean amount of RME in this sample was 5.2
mm with a range of 3.1 mm to 6.4 mm. The descrip-
tive statistics for all measures are listed in Table 2.
The results of the paired t-tests are shown in Table 3.
The measurements for all but four of the landmarks
show significant changes (Figs 6 and 7). The four
landmarks that did not show significance were soft
tissue nasion (Na), the left lip commissure (LC), the
right apex of nose (AN), and the right soft tissue over
the upper first molar (LMF). All of the measured val-
ues for the lips showed a significant change.
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The average change of the upper lip was then
calculated by taking the mean of the changes seen
with the five measures on the upper lip. The average
change in thickness of the upper lip was -0.92 mm.
The same measure was made in the lower lip and
change in thickness was calculated to be -1.04 mm.
These demonstrated a mean decrease in upper and
lower lips thickness.

Table 2 - Descriptive statistics.

Measure (mm) n Mean change

Right Ex 23 0.90+1.18

Right En 23 1.30£117

Left En 23 1.22+£176

Left Ex 23 1.08+1.24

Right LC 23 1.20 £1.45

Left LC 23 0.65 £1.52

Right AB 23 0.86+0.73

Light AB 23 0.93+0.87

Na 23 043+124

BN 23 0.79 £1.36

Sn 23 2.21+£1.23

Right AN 23 0.43%1.25

Left AN 23 0.89£1.06

Right Inf (Transverse) 23 0.85+1.00

Right Inf (Anterioposterior) 23 1.21+1.56

Left Inf (Transverse) 23 112+ 0.97
Left Inf (Anterioposterior) 23 0.96 £1.27
NT 8 1.58 +0.68

Right LMF 23 0.78 £1.89

Left LMF 23 149 £1.28

Right Zy 23 0.88 £0.65

Left Zy 23 110 £1.28

Sn to St 23 0.92+1.04

Upper Lip Midsagittal 23 -1.07 £ 0.93
Upper Lip Left Central 23 -0.68+0.70
Upper Lip Left Lateral 23 -0.77+0.84
Upper Lip Right Central 23 -0.93+£0.98

Upper Lip Right Lateral 23 -116 £1.22
Lower Lip Right Central 23 -0.99 £1.06
Lower Lip Right Lateral 23 -1.07 £1.06

Lower Lip Left Central 23 -119 £1.01
Lower Lip Left Lateral 23 -0.89£1.05
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Table 3 - Paired t-test results (*: significance p < 0.05).

Measure t Sig. (2-tailed)
Right Ex 3.66 0.001*
Right En 5.34 0.000*
Left En 3.32 0.003*
Left Ex 416 0.000*
Right LC 3.96 0.001*
Left LC 2.06 0.052
Right AB 5.63 0.000*
Left AB 519 0.000*

Na 1.66 0aMn

BN 2.69 0.014*
Sn 8.63 0.000*
Right AN 1.68 0.107
Left AN 4.02 0.001*
Right Inf (Transverse) 4.08 0.000*
Right Inf (Anterioposterior) 3.73 0.001*
Left Inf (Transverse) 5.53 0.000*
Left Inf (Anterioposterior) 3.62 0.002*
Nose Tip 6.61 0.000*
Right LMF 1.99 0.060
Left LMF 5.59 0.000*
Right Zy 6.56 0.000*
Left Zy 412 0.000*
Sn to St 4.25 0.000*
Upper Lip Midsagittal -5.48 0.000*
Upper Lip Left Central -4.65 0.000*
Upper Lip Left Lateral -4.37 0.000*
Upper Lip Right Central -4.59 0.000*
Upper Lip Right Lateral -4.56 0.000*
Lower Lip Right Central -4.46 0.000*
Lower Lip Right Lateral -4.86 0.000*
Lower Lip Left Central -5.65 0.000*
Lower Lip Left Lateral -3.94 0.001*

DISCUSSION

The changes associated with RME in hard tis-
sue structures have been described by many au-
thors."2#1° Tt has been shown that the soft tissue
does not necessarily follow the changes of the un-
derlying hard tissue.” Studies on the soft tissue re-
gions lateral to the mid-line are also limited partly
because these structures are not identifiable on tra-
ditional two-dimensional cephalograms.'* Further
it is difficult to repeatedly identify soft tissue land-
marks due to the nature of these tissues.'*"
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Figure 6 - Transverse change of landmarks (*significant change).

Figure 7 - Anteroposterior change (*significant change).

Based on the results of this study the methods
that were used to identify landmarks have shown to
be reliable. Also the methods used to orientate the
pre- and post-treatment CBCT scans to the same
orientation have shown to be reliable. The ability to
orientate the T and T, images to the same orienta-
tion allowed changes to be measured in any plane.

This sample was unique in that the data pro-
vide information directly prior to placement of
the appliance, and directly following the active
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expansion phase of treatment, allowing the assess-
ment of immediate changes, directly attributed to
RME. The mean time between the scans was 22.8
days with a range of 14 to 37 days. Even though the
sample represents growing children, the effects of
growth are negligible because of the short time be-
tween the T and T, scans.

Rapid maxillary expansion is designed to in-
crease the transverse dimension of the maxilla.
The forces applied act along the transverse plane.
Past studies have shown that the greatest amount
of change is seen in the transverse dimension. 2410
The RME devices in this study produced a mean of
5.2 mm of expansion with a range from 3.1 mm to
6.4 mm. Many of the landmarks used in this study
were chosen to measure transverse change in the
soft tissue corresponding to areas of underlying
hard tissues that are known to experience signifi-
cant transverse changes.

Transverse change

In the upper midface transverse expansion of
the soft tissue did occur. Points associated with the
right eye and left eye moved away from the mid-sag-
ittal plane representing an increase in the distance
between the eyes. The width of the apex of the nose
also showed an increase although the landmark
movement on the right was not shown to be signifi-
cant. A transverse increase was also seen in the final
position of both the right and left zygions.

The width of the alar base of the nose also showed
an increase. Both the right and left landmarks moved
away from the mid-sagittal plane. The right side
moved by an average of 0.86 mm and the left by 0.94
mm. Similar findings of transverse expansion was
reported in the hard tissue nasal base using metallic
implants by Krebs.? The soft tissue over the infraor-
bital foramen showed transverse increases. The lips
and lower midface also showed a transverse increase,
although the right lower midface landmark and left
lip commissure movements were not significant
(p=0.06 and p= 0.052 respectively). Significant trans-
verse expansion has also been noted in each of these
areas in the hard tissue in previous studies.®'%1218

The soft tissue change seen in this sample did
not however represent the triangular pattern of ex-
pansion that has been reported for hard tissue.”®
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When seen from a frontal view the hard tissues
show a triangular pattern of opening transversely
with the apex located close to the maxillo-frontal
suture. Transverse expansion in the soft tissue of
this sample had a more vertically parallel pattern of
expansion than that reported for the hard tissue in
previous studies (Fig 6).591°

Anteroposterior change

Some landmarks located in the mid-sagittal
plane also showed significant change. Soft tissue na-
sion came forward an average of 0.43 mm however
this measure was not significant. The p value of the
soft tissue nasion of 0.111 showed that based on this
study the change seen in this landmark was not con-
sistent. It has been shown that the maxillary halves
separate in the vertical plane in a triangular pattern
with the apex near the maxillo-frontal suture with
progressively with more skeletal separation inferi-
orly.”!® Soft tissue nasion is located near the apex of
the opening where hard tissue expansion would be
expected to be minimal to none at all. Soft tissue na-
sion was created by extending the sella-nasion line
to the soft tissue. Depending on the steepness of the
sella-nasion in individual patients the landmark
may possibly be higher or lower than the area where
expansion occurred, which would affect the consis-
tency of recorded results.

The bridge of the nose came forward by 0.80 mm.
The tip of the nose moved anteriorly by a mean of
1.59 mm however this value was only able to be mea-
sured in 8 patients because it was not captured on
other scans. Subnasale moved anteriorly by a mean
of 2.21 mm. These findings are in agreement with
previous findings in that there is an anterior dis-
placement of the maxilla during RME.*10:1819:20

Anterior movement was also reported in the soft
tissue over the right and left infraorbital foramina.
This also would agree with reported anterior dis-
placement of the maxillary complex that has been
described with RME treatment.®!%181920

Change in the lips

The vertical length of the upper lip also showed
to have a significant increase of 0.92 mm. This
finding agrees with Berger’s study using two-di-
mensional digital photos which reported a mean
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increase of 1.0 mm immediately following the acti-
vation phase of expansion.?

The thickness of both the upper and lower
lips showed a significant decrease. The upper lip
changed by a mean of -0.92 mm, while the lower lip
changed by a mean of -1.04 mm. This change most
likely reflects the effect of transverse expansion
and stretching of the soft tissue of the mouth. Al-
though the measure of the left lip commissure for
transverse expansion was not significant (p= 0.052)
the mean was 0.65 mm with one outlier showing a
change of -4.6 mm which is likely affecting the sig-
nificance. The right lip commissure showed a sig-
nificant change of 1.20 mm, showing that there is
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Treatment of Class Il malocclusion with bialveolar protrusion by
means of unusual extractions and anchorage mini-implant

Jong-Moon Chae'

Introduction: Patients with dental Class II bialveolar protrusion are generally treated by extracting the four
first premolars or two first and two second premolars, and retracting the anterior teeth. This case report de-
scribes the treatment of an adult patient with bialveolar protrusion, a Class II canine and molar relationship,
and lip protrusion.

Methods: In this patient, the maxillary right second molar (1.7) had to be extracted due to extensive caries. To cre-
ate sufficient space to retract the anterior teeth, the maxillary right posterior teeth were distalized with a maxillary
posterior mini-implant (1.2~1.3 mm in diameter, 10 mm long), which was placed into the maxillary tuberosity area
and allowed an en masse retraction of the maxillary anterior teeth.

Results: Overall, mini-implant can provide anchorage to produce a good facial profile even without additional
premolar extraction in cases of dental Class 11 bialveolar protrusion with the hopeless second molar.

Conclusion: The total treatment period was 42 months and the results were acceptable for 34 months after
debonding.

Keywords: Mini-implant. Tooth extraction. Tooth movement.
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INTRODUCTION

Bialveolar protrusion is a condition characterized
by protrusive and proclined upper and lower incisors
and an increased procumbency of the lips. The goals
of orthodontic treatment of bialveolar protrusion in-
clude the retraction and retroclination of maxillary
and mandibular incisors with a resultant decrease in
soft tissue procumbency and convexity.!

A common treatment approach for patients with
Class II bialveolar protrusion is to extract 2 maxil-
lary premolars or 2 maxillary and 2 mandibular pre-
molars, and retract the anterior teeth using maxi-
mum anchorage mechanics.>** However, the treat-
ment plan becomes more complex and controversial
when a patient has hopeless maxillary second molars
that should be extracted and wants to preserve max-
illary premolars.

To solve this situation, the maxillary posterior
teeth should be distalized. Distal movement of the
maxillary molars is often used in the correction of
Class II malocclusions, and various appliances have
been proposed. However, the distal movement of mo-
lars has been considered as one of the most difficult
biomechanical problems to achieve treatment objec-
tives in clinical orthodontics.

Conventional distalization mechanics either rely
on considerable patient compliance or generate un-
wanted reciprocal movement of anchor teeth in the
anterior segment. Moreover, once molar distaliza-
tion has been achieved, distalization of the anterior
teeth without molar anchorage loss is challenging.
The side effects such as forward movement of ante-
rior teeth during distalization of molars and forward
movement of the distalized molars during anterior
tooth retraction may develop resulting in a pro-
longed treatment time.®

The choice of the appropriate force system to dis-
talize the maxillary molars efficiently and retract the
anterior teeth in patients with Class II malocclusion
is based mainly on the anchorage conditions required
to achieve the desired treatment goals.

Absolute skeletal anchorage, available 24 hours
a day, offers an alternative method for molar distal-
ization. The use of osseointegrated implants®, mini-
plates,” miniscrews®’ and microimplants'®! as an-
chorage has made distalization of the posterior teeth
without anchorage loss a more realistic respect.
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There are few case reports involving the distalization
of the maxillary posterior teeth with mini-implants
(MIs) in patients with Class II bialveolar protrusion.
This patient report demonstrates the use of MIs in a
case of dental Class II bialveolar protrusion with the
hopeless maxillary right second molar (1.7).

DIAGNOSIS

A 40 year-old woman presented with the chief
complaint of lip procumbency. Facially, she exhib-
ited a convex profile with marked protrusion of the
lips, mentalis muscle strain and lip incompetence, but
good vertical balance of facial proportion (middle and
lower thirds) and proper maxillary incisor show on
posed smile. Intrabuccally, she had a Class II canine
and molar relationship except Class I molar relation-
ship on the left side, normal overbite (2.5 mm), larger
overjet (10 mm), and no significant Bolton tooth-size
discrepancy. Her oral hygiene was moderate with gin-
gival recession on several teeth, especially on the up-
per right canine and first premolar. There was an arch
length deficiency of approximately 2 mm in the maxil-
lary arch and 4 mm crowding in the lower arch. Dental
asymmetry was present with a slight deviation of the
maxillary dental midline to the left and of the mandib-
ular dental midline to the right of the facial midline. It
was just due to dental crowding and skeletal and facial
asymmetry were not shown (Fig 1).

The panoramic radiograph revealed the presence
of severe decay on the maxillary right second molar
as well as generalized bone resorption (Fig 1). The lat-
eral cephalogram (Fig 1) and its tracing showed den-
tal Class II bialveolar protrusion, but Class I skeletal
pattern. The skeletal pattern was normodivergent as
evidenced by the FMA (Frankfort mandibular plane
angle) of 29.5° and the FHI (facial height index) of
60%. The occlusal plane angle of 11.5° (Left) and 12.6°
(Right) reflected the normal vertical dental pattern.
The IMPA (incisor mandibular plane angle) of 98.1°
reflected the proclination of lower incisors. The Z-
angle of 65.6° quantified the slight facial imbalance
(Table 1). There were no significant signs or symptoms
of temporomandibular disorders.

TREATMENT OBJECTIVES

The treatment objectives were to (1) align and lev-
el the teeth in both arches and establish a functional
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Figure 1 - Pretreatment photographs and radiographs.
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Table 1 - Cephalometric measurements.

Norm Pretreatment Posttreatment Postretention
FMIA (degrees) 67 524 543 54.4
FMA (degrees) 25 295 28.8 28.5
IMPA (degrees) 88 981 96.9 971
SNA (degrees) 82 74.6 745 745
SNB (degrees) 80 732 735 738
ANB (degrees) 2 14 1.0 0.7
A(R)i'gi?/(r;?: 2 34/-44 -55/-69 50/-55
OPaF:iift(/dfifes): 10 15/126 140 /1538 131/145
FH a U1 (degrees) 2 126.2 1031 1033
Z angle (degrees) 75 65.6 74.5 76.5
FHI (%) 69.0 (45.0/65.0) 60.0 (459/75.9) 610 (45.7/74.7) 610 (45.7/75.0)
(PFH/AFH)

FMIA indicates angle between Frankfort plane and mandibular incisor axis; FMA, angle between Frankfort plane and mandibular plane; IMPA, angle
between lower incisor axis and mandibular plane; SNA, angle between SN and NA; SNB, angle between SN and NB; ANB, difference between the SNA
and SNB angles; AOBO, distance between perpendiculars drawn from point A and point B onto the occlusal plane; OP angle, occlusal plane angle; FH,
Frankfort horizontal plane; Ul, maxillary incisor axis; FH to Ul, angle between Frankfort plane and maxillary incisor axis; Z angle, angle between FH and
profile line tangent to the chin and the vermilion border of both lips ; FHI, ratio of PFH to AFH; PFH, linear measurement from articulare, along a line
tangent to the posterior border of the mandible, to the intersection with the mandibular plane; and AFH, linear measurement from palatal plane to men-

tion, measured perpendicular to palatal plane.

occlusion, (2) normalize the overjet, (3) improve den-
tal symmetry (4) obtain a balanced facial profile.

TREATMENT ALTERNATIVES

The first alternative was retraction of the maxil-
lary and mandibular anterior teeth using maximum
anchorage following four first premolar extractions,
and differential tooth movement to improve dental
symmetry. To reduce the patient’s lip protrusion,
this option would be unavoidable. But, this would
require additional prosthetic treatment. The loss of
pitiful tooth and adjunctive expenditure would be a
burden to the patient.

The second alternative was retraction of the maxil-
lary and mandibular anterior teeth with simultaneous
distal movement of the maxillary right posterior teeth
using absolute anchorage after extraction of maxil-
lary left first premolar (2.4) and mandibular left sec-
ond premolar, and group distal tooth movement of the
mandibular right posterior teeth instead of extraction
of mandibular right second premolar (4.5), and differ-
ential tooth movement to improve dental symmetry.

The third alternative was the same as the sec-
ond alternative exception for the extraction of
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mandibular right second premolar (4.5) instead
of group distal tooth movement of the mandibular
right posterior teeth.

In the second and third alternatives, the addition-
al prosthesis would be avoided due to the survival of
the maxillary right first premolar (1.4). These options
would preserve the maxillary right first premolar (14)
and result in a good result without patient compli-
ance. In the beginning, second alternative was chosen
but it was insufficient to obtain a good facial profile.
Therefore, in the middle of treatment, third alterna-
tive was chosen.

TREATMENT PROGRESS

The treatment began using a new protocol of
Tweed-Merrifield directional force technology with
MIA™, after extracting the maxillary right second mo-
lar (1.7) and maxillary left first premolar (2.4).

After the extractions, 0.022 x 0.028-in standard
edgewise appliance was placed in the maxillary arch.
Leveling began with a 0.016-in nickel-titanium arch-
wire and 0.018-in, 0.017 x 0.022-in stainless steel arch
wires. The maxillary right posterior MI (1.3 ~ 1.2 mm
in diameter, 10 mm in length; Absoanchor SH1312-10,

Dental Press J Orthod. 2012 Sept-Oct;17(5):165-77



Chae JM

Dentos, Taegu, South Korea) was implanted into the
tuberosity area distobuccal to the maxillary right
second molar (1.7). The maxillary left posterior MI
(1.3 ~1.2 mm in diameter, 8 mm in length; Absoanchor
SH1312-08, Dentos) was implanted into the buccal
alveolar bone between the maxillary left second pre-
molar (25) and first molar (2.6). The mandibular right
posterior MI (1.3 ~1.2 mm in diameter, 7 mm in length;
Absoanchor SH1312-07, Dentos) was implanted into
the buccal alveolar bone between the mandibular
right first and second molars (4.6 and 4.7). An elastic
chain force was loaded immediately after placing the
MIs, from the maxillary posterior MIs to the T spring
inserted into the vertical slot of the canine brackets to
retract the maxillary canines to level the six anterior
teeth and retract the maxillary right posterior teeth.
Another elastic chain force was loaded immediately
after placing the MI, from the mandibular right poste-
rior M1 to the buttons on the occlusal and buccal sur-
face of the mandibular right second molar for buccal
uprighting without extrusion (Fig 2A).

Five months into the treatment, after extract-
ing the mandibular left second premolar (3.5),
0.022 x 0.028-in standard edgewise appliance was
placed in the mandibular arch, and leveling began

with a 0.014-in nickel-titanium archwire and 0.018-in,
0.018 x 0.025-in stainless steel archwires. The man-
dibular left posterior MI (1.3 ~ 1.2 mm in diameter, 7
mm in length; Absoanchor SH1312-07, Dentos) was
implanted into the buccal alveolar bone between
the mandibular left first and second molars (3.6 and
3.7). An elastic chain force was loaded immediately
after placing the MI, from the mandibular left pos-
terior MI to the mandibular left canine bracket in
order to retract the mandibular left canine and first
premolar to level the six anterior teeth. Another
elastic chain force was loaded from the mandibular
right posterior MI to the mandibular right canine
bracket to distalize the mandibular right posterior
teeth followed by creating space for retraction of
the mandibular anterior teeth (Fig 2B).

Nine months into the treatment, 0.020 x 0.025-in
stainless steel archwire with closing loops was placed
in the upper arch to retract the four anterior teeth
(Fig 2C). At this time, the patient wanted to correct
lip protrusion more, but the posterior limit of man-
dibular arch did not allow for more distalization of the
posterior teeth to satisfy the patient’s esthetic desire.
Therefore, a decision was made to extract the mandib-
ular right second premolar (4.5).

Figure 2 - Treatment progress. A) Maxillary right posterior mini-implant (MI) for distalization of maxillary posterior teeth, maxillary left posterior Ml for
canine retraction and mandibular right posterior MI, and buttons for buccal uprighting and intrusion of mandibular right second molar; B) After extract-
ing the mandibular left second premolar (3.5), distalization of mandibular right posterior teeth and retraction of mandibular left canine and premolar with
mandibular posterior mini-implants; C) En masse retraction of maxillary four anterior teeth with closing loop archwire supported by maxillary posterior mini-
implants; D) Maxillary anterior mini-implants for intrusion and torque control, running loop for uprighting and mesial movement of mandibular molars, and
retraction of mandibular anterior teeth; E) Mandibular right middle mini-implant for protraction of mandibular right molars and Clip on maxillary anterior
mini-implants to prevent soft tissue irritation.
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Figure 3 - Progress of treatment. After extrac-
tion of the second left premolar (3.5), dis-
talization of right posterosuperior teeth and
retraction of lower left canine and posterosu-
perior premolars with mini-implants.

Figure 4 - Progress of treatment. En masse re-
traction of the four anterior teeth with closing
loop arch wire supported by posterosuperior
mini-implants.

Figure 5 - Progress of treatment. Anterior su-
perior mini-implants for intrusion and torque
control, running loop for uprighting and mesial
movement of mandibular molars and retrac-
tion of mandibular anterior teeth.
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After the extraction, 0.018 x 0.025-in stainless
steel arch wire with running loops was placed in the
lower arch to retract anterior teeth and protract the
posterior teeth with minimal anchorage concept.
Twelve months into the treatment, the maxillary an-
terior MIs (1.3 ~ 1.2 mm in diameter, 7 mm in length;
Absoanchor CH1312-07, Dentos) were implanted
into the labial alveolar bone between the maxillary
central incisors and the lateral incisors for torque
control, bodily movement and intrusion of the max-
illary anterior teeth (Fig 2D).

During en masse movement in the maxillary arch,
a mandibular middle MI (1.3 ~ 1.2 mm in diameter,
7 mm in length; Absoanchor SH1312-07, Dentos) was
implanted into the labial alveolar bone between the
mandibular right canine and first premolar (4.3 and
4.4) to protract the mandibular right posterior teeth
to achieve Class I dental relationship. Light curing
temporary material (Clip, Voco, Germany) was ap-
plied to the upper anterior MIs to reduce the level of
soft tissue irritation (Fig 2E).

The treatment was completed with ideal arch-
wires and cusp-seating elastics. Fixed lingual retain-
ers were bonded to the lingual sides of the six ante-
rior teeth and circumferential clear retainers were
placed on both arches, immediately before and after
removing the appliances for retention, respectively.
The total treatment time was 42 months.

TREATMENT RESULTS

The posttreatment facial and intraoral photo-
graphs, and dental casts revealed a nicely balanced
and harmonious face by retracting the lips and showed
a good interdigitation of the teeth. Several teeth pre-
sented gingival recession, but it was not worsening
compared to pretreatment. The posttreatment pan-
oramic radiograph revealed acceptable root parallel-
ism with no significant root resorption (Fig 3). The 3.4
month retention records showed good retention with-
out any obvious relapse (Fig 4).

As shown on the pretreatment and posttreat-
ment cephalometric superimposition (Fig 5), the
maxillary and mandibular anterior teeth were
retracted with the intrusion, the right maxillary
posterior teeth were distalized, the left maxillary
posterior teeth were intruded, the right mandibu-
lar posterior teeth were protracted and slightly
uprighted and intruded, and the left mandibular
posterior teeth were slightly protracted, uprighted
and extruded. The FMA was slightly decreased. The
Z-angle was improved from 65.6° to 74.5" (Table 1).
All these changes helped improve the facial profile
(Fig 6). The post-treatment and 34-month reten-
tion cephalometric superimposition (Fig 7) showed
denture recovery such as slight extrusion and labial
movement of upper anterior teeth, and slight extru-
sion of the posterior teeth.

Figure 6 - Progress of treatment. Mini-implants to mesial movement of right mandibular molars and Clip on maxillary anterior mini-implants to prevent
soft tissue irritation.

© 2012 Dental Press Journal of Orthodontics

Dental Press J Orthod. 2012 Sept-Oct;17(5):165-77



original article Treatment of Class Il malocclusion with bialveolar protrusion by means of unusual extractions and anchorage mini-implant

Figure 7 - Photographs and radiographs after treatment.
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Figure 8 - Post-retention facial photographs,
dental casts and radiographs.
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Post-retention — Post-retention
Post-treatment — Post-treatment
Pre-treatment \/ — Pre-treatment

4

Figure 9 - Cephalometric overlays. A) Right side; B) Left side.

Figure 10 - Schematic diagram of the use of mini-implant anchorage (MIA) in the case of an unusual extraction in the treatment of Class Il bialveo-
lar protrusion: A) Before treatment; B) placement of mini-implant in the maxillary tuberosity area and the application of a distalizing force to the
maxillary posterior teeth, running loop in the mandibular arch for leveling and en masse retraction; C) distalization of the maxillary posterior teeth
and space closure in mandibular arch; D) placement of the maxillary anterior mini-implant and 0.020 x 0.025-in closing loop archwire for en masse
retraction of maxillary four anterior teeth, mandibular anchorage preparation with mandibular mini-implants and Class Ill elastics; E) space closure in
maxillary arch, continued mandibular anchorage preparation; F) directional forces; G) denture completion; H) tweed occlusion; I) denture recovery.
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DISCUSSION

There are many clinical situations necessitating
for unusual extraction of molars, including extensive
caries, large restorations. A second molar extrac-
tion is indicated when (1) they are severely carious,
ectopically erupted, or severely rotated, (2) mild-to-
moderate arch length deficiencies exist with good fa-
cial profiles and (3) there is crowding in the posterior
area with a need to facilitate first molar distal move-
ment.” The patient had a severely decayed maxillary
second molar on the right side (1.7). Therefore, it
was removed as an alternative to an extraction of the
maxillary right first premolar (1.4).

When the second molars are extracted from pa-
tients with bialveolar protrusion, group distal move-
ment of the remaining posterior teeth and a maximum
retraction of the anterior teeth are essential for pre-
serving healthy sound premolars and achieving the
treatment goal. Numerous extraoral and intraoral ap-
pliances have been proposed for distalizing the poste-
rior teeth.®* However, these appliances have disadvan-
tages such as the need for patient cooperation, tipping
movement, anchorage loss, and flaring of the incisors.
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Figure 11 - Biomechanics of running loop archwire in lateral view. Uprighting
and mesial movement of molars in the case of no crowding (A) and crowd-
ing (B) in the anterior teeth, and using mini-implant anchorage (C).

The clinical efficacy'*"* and stability"” of tempo-
rary skeletal anchorage devices have been widely de-
scribed. It is a very efficient method for solving orth-
odontic problems that cannot be corrected using con-
ventional methods. Several skeletal anchorage devices
that are efficient in controlling anchorage have been
developed to obtain anchorage control during the dis-
talization movement.

Using MI, distalization of the maxillary right
posterior teeth into the second molar extraction
space followed by a maximum en masse retraction
of the maxillary anterior teeth are possible without
patient compliance. During retraction of the anteri-
or teeth, MIA was used to prevent the mesial move-
ment of the posterior teeth and intrude the upper
anterior teeth (Fig 8).12

The vertical and horizontal component of force
is determined by the vertical position of MI head.
The maxillary right posterior teeth appeared to have
a tendency toward distal tipping with a slight intru-
sion, which was appropriate in this case. Therefore,
the position of MI head should be considered care-
fully according to the type of malocclusion, and the
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amount and direction of tooth movement required."
In this case, a MI with a small diameter and long
length was chosen to increase the success rate in the
maxillary tuberosity area which is generally not suit-
able for screw implantation due to its limited amount
of cortical bone.!*"”

Based on the patient’s chief complaint and the di-
agnosis of the malocclusion, an extraction of mandib-
ular second premolars is a viable option for decreasing
lip procumbency. However, at the beginning of treat-
ment, mandibular right second premolar was not ex-
tracted for a more predictable result. An elastic chain
force was loaded from the mandibular right posterior
MI to the mandibular right canine bracket to distalize
the mandibular right posterior teeth for an alignment
of the lower anterior teeth (Fig 2B). However, the pa-
tient wanted to correct lip protrusion more and the
posterior limit of mandibular arch did not allow for
more distalization of the posterior teeth to satisfy the
patient’s esthetic desire. Therefore, the mandibular
right second premolar (4.5) was removed in the mid-
dle of treatment resulting in a long treatment time.

Running loops were used in the lower arch to re-
tract the anterior teeth and protract posterior teeth
(Fig 2D). The advantages of running loops for space
closure are simple wire bending, fewer changes of
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Figure 12 - Maxillary right posterior mini-implant implanted in the maxillary tuberosity area; gradual
bending during treatment and fractured at removal after treatment.

archwires, and shorter treatment times due to the si-
multaneous uprighting and mesial movement of the
molars. The desired amount and direction of tooth
movement can be obtained by the simple and vari-
ous applications of elastic chains and MIs (Fig 7).1®
In this case, the MI was used to close the remaining
space after retracting and protracting the lower an-
terior and posterior teeth respectively.

Clip or Fermit (Ivoclar Vivadent, clear, light-cured
adhesive used for temporary restorations of inlay
preparations) is useful for relieving the soft-tissue ir-
ritation from an orthodontic appliance. In this case,
it was used to prevent irritation from upper anterior
MIs (Fig 2E). It has many advantages comparing with
conventional OrthoWax - e.g., ease of placement and
removal, possible placement in most areas of the orth-
odontic appliance and long retention time."

All MIs remained firm throughout the treatment.
After treatment, they were removed by unscrewing
without anesthesia. However, maxillary right posteri-
or MI implanted in the maxillary tuberosity area had
bent gradually during treatment and fractured during
removal after treatment. The fractured MI was left
in its position with the consent of the patient (Fig 8).
Further examinations will be necessary to prevent any
pathologic conditions. The screw fragment embedded
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in the cortical bone can be surgically removed. A full-
thickness flap is made, bone is cleared from around
the fractured screw, and reverse torque is applied to
the screw to remove the fragment. If the fragment en-
croaches on vital structures, however, it should be left
in the bone, considering that orthodontic implants are
made of biocompatible titanium.
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CONCLUSIONS

Mini-implants can simplify the treatment plan
and provide absolute anchorage for the distal move-
ment of buccal teeth in a group as well as maximum
retraction of the anterior teeth in an unusual max-
illary second molar extraction treatment of dental
Class II bialveolar protrusion.
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BBO case report

Class Il malocclusion with severe
anteroposterior discrepancy*

Susana Maria Deon Rizzatto'

This study aims at reporting the clinical case of a patient with Class III skeletal malocclusion with severe maxil-
lary deficiency, producing a reduced midface associated with severe mandibular prognathism. The pre-surgical
orthodontic preparation was composed mainly by dentoalveolar expansion and repositioning of the incisors in the
lower arch. Then, a combined maxillary and mandibular orthognathic surgery was performed. The treatment ob-
jectives were achieved, with significant improvement in facial esthetics and occlusion, followed by post-treatment
stability. This case was presented to the Brazilian Board of Orthodontics and Facial Orthopedics (BBO), as part of
the requirements for obtaining the title of Diplomate by BBO.
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INTRODUCTION

Caucasian patient, male, 19 years and 7 months
old, with accentuated Class III malocclusion and
family history of Class III, being the mother the car-
rier. He had poor oral hygiene, caries, marginal gin-
givitis and good general health. His chief complaint
was difficulty to chew.

DIAGNOSIS

During facial examination, a strongly concave pro-
file was observed, with great midface deficiency and
accentuated mandibular prognathism, followed by
a flat malar region and deep nasolabial sulcus. The
face presented symmetry, but with an increased low-
er third, prevailing the distance from the lower lip to

Figure 1- Facial and intraoral initial photographs.

© 2012 Dental Press Journal of Orthodontics

the menton base. The nasolabial angle was obtuse and
the mentolabial angle was almost flat, characteristic
of excessive compensation by lingual inclination of
lower incisors in Class III. The absence of lip volume
support was evident (Fig 1). The skeletal pattern was
Class ITI, ANB = -11 ° (SNA = 73° and SNB = 84°); the
mandible was elongated with a strongly obtuse go-
nial angle; high GoGnSN = 45° and FMA = 38° angles,
characterizing a predominance of vertical face devel-
opment (Fig 4 and Table 1). From the dental point of
view, patients presented Angle Class ITI malocclusion,
with anterior and posterior crossbite and relative
maxillary constriction. The upper incisors were well
positioned and the lower were retroclined with mod-
erate crowding and severe Curve of Spee (Figs 1, 2, 4).
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Figure 2 - Initial dental casts.

A

Figure 3 - Panoramic(A) and periapical (B, C) initial radiographs.
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Figure 4 - Initial lateral cephalometric radiograph (A) and cephalometric tracing (B).

TREATMENT OBJECTIVES

The initial treatment objective was to correct the
dental compensations in the maxilla and mandible
through orthodontic treatment previous to the com-
bined orthognathic surgery. In the maxilla, a dentoal-
veolar expansion should be performed by increasing
the upper intermolar distance to adjust its transverse
relation. In the mandible, the severe lingual inclina-
tion of the incisors should be corrected, leveling the
curve of Spee and obtaining space for the canines and
for positioning the incisors in their bone bases. The
maxilomandibular sagittal and vertical will be cor-
rected by orthognathic surgery with anterior and infe-
rior repositioning of the maxilla and mandibular rota-
tion and setback, aimed at obtaining the ideal occlusal
relationship, function and facial harmony.

TREATMENT PLAN

The treatment plan consisted of three different
steps:

First step: Refer the patient to carry out clinical
review and preventive care. Following, bonding of up-
per and lower brackets and decompensation of the
lower arch by leveling the curve of Spee and projection
of the incisors. Also, placement of an upper removable
plate with expanding screw to promote a mild maxil-
lary dentoalveolar expansion and retention with the
mechanics advocated by Mulligan.
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Second step: At this phase to perform the com-
bined orthognathic surgery (for maxillary advance-
ment and mandibular setback).

Third step: A post-surgical immobilization of the
jaws with rubber bands and intensive elastic physio-
therapy was planned. After orthodontic treatment
finishing, the appliances would be removed and the
retainers would be installed.

TREATMENT PROGRESS

After clinical review and preventive care, the appli-
ances were installed by banding first and second upper
and lower molars, with double tubes in the first upper
molars and installation of removable plate with the
expanding screw (1/4 turn per week). The upper and
lower brackets, Edgewise system (slot 0.022 x 0.028-
in), were placed and alignment and leveling of the
teeth were performed with initial twist-flex archwires
(Dentaurum), followed by 0.016-in, 0.018-in, 0.020-in
Stainless steel archwires (GAC). The decompensa-
tion of the lower arch occurred by leveling the curve
of Spee and projecting the lower incisors. The reten-
tion of dentoalveolar expansion was performed with
a Muligan arch in the upper arch. Impressions of the
upper and lower arches were taken for dental cast
manipulation, four times before the rectangular arch.
Then, a rectangular 0.019 x 0.025-in archwire (GAC)
was installed and on it were soldered of 0.8 mm brass

Dental Press J Orthod. 2012 Sept-Oct;17(5):178-89



BBO case report

Class Il malocclusion with severe anteroposterior discrepancy

wire hooks. After this first phase, an increase on the
profile’s disharmony was observed due to increased
sagittal dental discrepancy, mainly due to the buccal
inclination of the lower incisors . However, the men-
tolabial angle approached normality, as well as the
volume of the lower lip (Figs 5 to 8).

The patient was referred to combined orthognathic
surgery, consisting of maxillary protrusion with lower
replacement and mandibular retrusion with upward
rotation. For the following six months, the arches were

stabilized with rubber bands with Class I1I orientation
and elastic physiotherapy was suggested. During this
phase, intercuspation refining was performed, and
then the appliance was removed. The lower retainer
was installed, with a bonded intercanine fixed m re-
tainer made with stainless steel 0.032-in archwire,
and the upper retainer, wraparound type, was made
with stainless steel 0.036-in archwire. This should be
used full-time for 24 months followed by overnight
use for another 12 months.

Figure 5 - Facial and intraoral pre-surgical photos.

© 2012 Dental Press Journal of Orthodontics
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Figure 6 - Pre-surgical dental casts.

Figure 7 - Panoramic (A) and periapical (B, C) pre-surgical radiographs.
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Figure 8 - Lateral cephalometric radiograph (A) and pre-surgical cephalometric tracing (B).

RESULTS

At the end of treatment, satisfactory occlusion was
obtained with good dental intercuspation and pres-
ence of anterior and lateral disocclusion guides. The
esthetic result was pleasing, harmonious, respecting
the individual characteristics of the patient. Orthog-
nathic surgery provided maxillary protrusion with
an increase in SNA of 6°, plus lower replacement and

© 2012 Dental Press Journal of Orthodontics

mild dentoalveolar expansion. In the mandible, the
effect was of retrusion, with the reduction in SNB of
4° in the vertical direction. The dental effects on the
mandible were retroclination of incisors and increase
in the intermolar distance of 7 mm. In the mandible
the incisors were severely protruded, the curve of
Spee was leveled, the intermolar distance increased in
3 mm and intercanine distance in 1 mm (Figs 9 to 16).
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Figure 9 - Facial and intraoral final photos.
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Figure 10 - Final dental casts.
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Figure 11 - Panoramic (A) and periapical (B, C) final radiographs.

© 2012 Dental Press Journal of Orthodontics 186 Dental Press J Orthod. 2012 Sept-Oct;17(5):178-89



Rizzatto SMD

Figure 12 - Lateral cephalometric radiograph (A) and final cephalometric tracing (B).

Figure 13 - Facial and intraoral control photos, four years after retention.
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A

Figure 14 -Panoramic (A) and periapical (B, C) radiographs, four years after retention.

Figure 15 - Lateral cephalometric radio-
graph (A) and cephalometric tracing (B), four
years after retention.

Figure 16 - Total (A) and partial (B) super-
imposition of the initial cephalometric tracing
(black), final (red) and four years after reten-
A tion (green).
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Table 1- Summary of cephalometric measurements.

Measurements Normal A P B C Difference A/B

SNA (Steiner) 82 73 73 79 81 6

SNB (Steiner) 80 84 84 80 80 4

ANB (Steiner) 2 - n -1 1 10
Skeletal pattern Angle of convexity (Downs) 0 -23 27 1 0 24
Y axis (Downs) 59 60 63 60 61 0

Facial angle (Downs) 87 91 90 90 90 1

Sn-GoGn (Steiner) 32 45 45 45 45 0

FMA (Tweed) 25 38 39 39 39 1

IMPA (Tweed) 90 57 77 69 70 12

1-NA (mm) (Steiner) 22 27 26 19 22 8

1.NA (degrees) (Steiner) 4 5 5 5 5 0

Dental pattern 1-NB (mm) (Steiner) 25 25 47 20 20 5
T.NB (degrees) (Steiner) 4 3 6 4 4 1

%- interincisal angle (Downs) 130 160 140 145 144 15

1-APo (mm) (Ricketts) 1 -6 -1 3 2 9

Profile Upper lip - S line (Steiner) 0 -3 -6 0 -1 3
Lower lip -S line (Steiner) 4 8 1 1 3

CONCLUSION goals, with appropriate overjet and overbite relation-

The Class ITI malocclusionis considered most chal-
lenging for the orthodontist, particularly when there
is skeletal involvement.! In this case, the diagnosis
conclusion was the recommendation of orthognathic
surgery due to the dominant etiologic factor - severe
maxillary and mandibular malocclusion - this being
the primary focus on the treatment strategy. With the
surgical approach, psychosocial aspects related to the
deformity can also be privileged® and it is important
that the diagnosis and treatment plan are performed
in conjunction with the maxillofacial surgeon in order
to maximize results and reduce the time and compli-
cations inherent to treatment.** Combined maxillary
and mandibular orthognathic surgery allowed the
orthodontic treatment to be efficient, reaching its
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Gingival esthetics: An orthodontic and periodontal approach

Mayra Reis Seixas', Roberto Amarante Costa-Pinto? Telma Martins de Araujo?

Introduction: Currently, people’s esthetic requirements and expectations have increased substantially. There-

fore, dentists have been seeking ways to provide excellent treatment results which, consequently, increasingly

require a well organized transdisciplinary approach. The link between orthodontics and periodontics became evi-

dent from the moment professionals began to understand the biology of tooth movement. As regards smile esthet-

ics, however, such cooperation is now essential.

Objective: To show clinically how and when orthodontists and periodontists should work jointly to enhance smile

esthetics based on the display and harmony of the gingival contour.

Keywords: Orthodontics. Smile. Esthetics. Periodontics.

INTRODUCTION

In the recent past, orthodontists placed less
emphasis on periodontal health and the esthetic
appearance of the gums when finishing treatment.
They believed that aligning and leveling the teeth
was sufficient to ensure positive results, and often
overlooked the fact that smile esthetics depends on
a number of factors, among which are the display
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and architecture of apparent gingival tissue and its
contour, phenotype, zenith position and presence
of interdental papilla.?3

Furthermore, the number of adult orthodontic
patients has grown considerably. Although more
compliant with treatment than adolescents, adults
pose a host of challenges to the orthodontist: They
may have missing, worn or abraded teeth, uneven
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Figure 1 - A, B) Smile esthetics affected by disharmonious gingival contours although anterior teeth look well aligned and leveled. C, D) Improved
gingival contour after periodontal surgery and orthodontic movement. Gingivectomies were performed on teeth #12 and 21, as well as intrusion of
#11 with subsequent restoration of its incisal edge. During orthodontic intrusion, tooth #11 moved apically, carrying with it the entire periodontium,
while maintaining biological distances.

gingival margins, loss of bone and interdental pa-
pillae. Finally, problems that can undermine the
esthetic appearance of the teeth after debracket-
ing. Given the complexity of these treatments, the
increased choice of therapeutic resources, and in-
creased esthetic demand by patients, a transdisci-
plinary approach in orthodontic treatment is now
paramount, and an integration with periodontists,
an absolute must*'° (Fig 1).

Periodontic concepts have also evolved. Recent
advances in basic science in the field of periodontal
biology along with clinical trials in the prevention
and treatment of periodontal disease have shifted
dramatically the focus of periodontal treatments.
In view of a lack of direct correlation between
probing depth and the presence or absence of ac-
tive disease, eliminating periodontal pockets is no
longer the only goal of periodontal therapy. The
indiscriminate use of resective procedures com-
mon until the mid-1980s generated undesirable
sequelae in tissue architecture, such as gingival
margin recession and potential loss of interdental
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papillae’®!! (Fig 2). Additionally, the search for bet-
ter and more effective alternatives to rebuild tis-
sue loss during disease progression and after re-
sective procedures®® represented a great leap for
periodontics in the pursuit of “red esthetics” and
quality of life for patients.

This realization underscores the increasing need
for exchange of information and scientific knowl-
edge between orthodontists and periodontists. It is
therefore necessary that the theoretical and practi-
cal training of these professionals converge.

IDEAL GINGIVAL ESTHETIC CONTOUR

The appearance of the gingival contour follows
the underlying bone architecture and is influenced
primarily by factors such as tooth position, type of
periodontium, tooth form, and design of the CEJ. In
a clinically healthy periodontium, the gingival con-
tour forms and invests the CEJ.?"3

The contour of the gingival margins of the
six maxillary anterior teeth plays an important
role in smile esthetics and is determined by the
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Figure 2 - Undesirable sequelae in a female patient’s periodontium treated by resective surgical procedures.

Figure 3 - Differences between the heights of the apical gingival margins
of anterior teeth, determining the ideal gingival contour for the region.

following features: Firstly, the gingival margins of
the central incisors should be on the same level,
furthermore, they should position themselves
more apically to the margins of the lateral incisors
and remain on the same level of the margins of
the canines. The contour of the gingival margins
must coincide with the CEJs of the teeth, and each
tooth must have a gingival papilla that occupies
the interdental embrasure (Fig 3).

According to a study published by Kokich,"
the closer to the midline gingival contour asym-
metries are located, the more easily these asym-
metries will be identified as less esthetic by or-
thodontists, GPs and laypersons alike. Therefore,
there may be variations in the patterns described
above when these are located in different quad-
rants of the same patient, but contour symmetry
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between central incisors is always necessary. One
might add that when the height of the gingival
margin of the lateral incisors is positioned more
than 2 mm above the gingival margin of the cen-
tral incisors and canines, smile esthetics is said
to be compromised (as shown in the description
of Fig 9). Kokich also suggests that patients with
gingival contour discrepancies and low smile line
require no correction as this condition is not seen
as esthetically relevant.5'°

Interdental papillae form the gingival tissue
that fills the space between adjacent teeth. These
papillae are influenced by the distance and incli-
nation between teeth, alveolar bone height and
anatomical form of clinical crowns, with the lat-
ter determining interproximal contact point
height?? (Fig 4).

Papillae can be observed in regions at a dis-
tance of less than or equal to 5 mm between the
alveolar bone crest and the contact point. When
this value is increased to 6 mm or 7 mm, the ability
to observe the papilla is hindered, while measure-
ments above 7 mm often mean that the papilla is
not present® (Fig 5).

Distances of less than 0.3 mm between roots re-
sult in a reduction of the proximal bone, a condi-
tion often accompanied by an absence of interden-
tal papilla. Moreover, large interradicular spaces,
e.g., diastemas, are usually associated with short,
flattened papillae.'¢

The loss of the papillae as a sequela of periodon-
tal disease or iatrogenic dental procedures causes

Dental Press J Orthod. 2012 Sept-Oct;17(5):190-201
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Figure 4 - Factors determining the presence
and form of the papillae: A, B) Distance and
inclination between the teeth; (D) triangular
form of the clinical crown, (€) alveolar bone
crest height.

Figure 6 - A) Median dark space caused by alveolar bone crest loss B) Interproximal stripping performed with diamond steel disk at low rotation; C) pol-
ishing of the stripped surfaces with flexible strips of sandpaper and whiting D) space created between incisors; E, F) bringing teeth closer together with
elastomeric chains, showing improvement in papillary esthetics.

© 2012 Dental Press Journal of Orthodontics 193 Dental Press J Orthod. 2012 Sept-Oct;17(5):190-201



special article

Gingival esthetics: An orthodontic and periodontal approach

the formation of “dark spaces” that interfere neg-
atively in the perception of smile esthetics. The
small size of interdental papillae combined with
a purely capillary nutrition render their recon-
struction a periodontal procedure whose outcome
is hard to predict, further strengthening the idea
that papillae should be carefully preserved.?® Or-
thodontists treat this condition by combining in-
terproximal stripping with tooth movements, and
positioning more apically the contact point be-
tween the teeth (Fig 6). Soft tissue grafts can im-
prove tissue volume, but in most cases results only
give a misleading impression that the dark space
has been reduced or closed since the height of the
papillae is not completely restored.??

DISCREPANCIES IN GINGIVAL ESTHETIC
CONTOURS
Changes in gingival contour may be located either
coronally or apically relative to CEJ, and can be ad-
dressed in various manners, by:
» Orthodontic movement, intruding or extruding
the teeth involved”®?
» Resective gingival surgery to lengthen the clini-
cal crown (gingivectomy or gingivoplasty)
» Resective bone surgery to lengthen the clinical
crown
Planning and selecting the best option to cor-
rect the problem depends on several factors: Sulcus
depth on probing, location of CEJ relative to the
bone level, crown-root relationship between the
teeth involved, root form,"** and degree of gingival
display on smiling.*®
The conditions listed below adversely affect the
harmony of the gingival contour and their respec-
tive treatment options.

Compensatory dental extrusion

Compensatory dental extrusion is one of the
conditions that alter the gingival contour. It tends
to occur as a result of wear and/or fracture of the
incisal edge of anterior teeth, which extrude and
carry with them the entire periodontal tissues. It
affects adult patients who usually present with
poor horizontal and vertical relationship between
the dental arches. In these cases, the anterior
teeth extrude and carry with them the periodontal
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tissues. Clinical examination disclosed incisors
with normal probing depths and worn incisal
edges, causing an esthetically inadequate width/
height ratio, which is usually these patients’ chief
complaint.”°

There are two treatment options which should be
discussed with the patient:

1) Clinical crown lengthening surgery with os-

teotomy. The main objective of this proce-
dure is to restore clinical crown height lost
at the expense of marginal periodontal tissue
by means of resective techniques and apical
repositioning. The main disadvantage of this
approach is a reduction in dental implan-
tation due to a decrease in the root/crown
ratio, given root surface exposure and the
need for additional restorative treatment.>?
Moreover, since roots have a tapered form,
satisfactory interproximal esthetics can-
not be ensured, and it is not uncommon to
find poor sealing of the embrasures and the
emergence of “dark spaces” postoperatively.
Filling these gaps with restorative materi-
als creates the appearance of wide, “square”
teeth in addition to an irregular emergence
profile with an exceedingly convex tooth/
restoration interface, which hampers bio-
film control and can compromise the health
of the periodontium.
Orthodontic leveling of the gingival margins
and subsequent restoration of the incisal por-
tion of the teeth: The key purpose of this ap-
proach is to level the CEJ. This procedure is
more conservative and biological but requires
the use of a fixed orthodontic appliance and lon-
ger treatment and retention times (Fig 7).

Currently, the placement of a fixed appliance in
patients whose anterior teeth have their incisal edg-
es worn and/or fractured should be performed by
taking as reference the gingival margin positioned
more apically” (Fig 8).

Given that the primary objective of the approach in
these cases is to level the gingival contour, the clini-
cal and radiographic evaluation of the patient prior to
treatment should be implemented to verify periodon-
tal health, shallow levels of gingival sulci, and particu-
larly, similar values (Figs 9 and 10).

2)
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Figure 7 - A) Case finished with harmonious
gingival contour; B) minimal, similar probing
depths, and uneven incisal silhouette due to
incisal edge wear of tooth #11; C, D) restora-
tion of incisal edge of #11 with composite resin;
E) properly balanced incisal guidance.

Figure 8 - Orthodontic appliance placed on
anterior teeth with irregular incisal edges due
to wear and/or fracture: In the event that gin-
gival contours are found to be uneven, and the
depth of gingival sulci are minimal and similar,
bonding of orthodontic brackets should use as
reference the apical height of the gingival mar-
gin, which constitutes the CEJ of the teeth.
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Figure 9 - A-D) Inverted gingival contour
between maxillary central and lateral inci-
sors. Periodontal probing in the final stages
of orthodontic treatment, showing gingival
increases in teeth #11 and 21; E) intrusion
and gingivectomy of #11 and 21; F) simula-
tion of reconstruction of silhouette through
restoration of incisal edges of teeth #11 and
21; G) uneven initial gingival contour, es-
thetic improvement of upper anterior region;
H) after harmonizing gingival contour, incisal
silhouette and dental ratio.
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Figure 10 - A, B) Patient nearing completion of orthodontic treatment, showing uneven gingival contour in upper anterior region, and wear of incisal
edges of teeth #12, 11 and 21; C) provisional composite resin restorations established a new incisal silhouette and new anatomical proportions for these
teeth; D) rebonding of brackets taking as reference the apical gingival margin of incisors; E, F) leveling of gingival margins of upper anterior region by
extrusion and ameloplasty of tooth #22; G, H, I) final esthetic appearance after dentogingival leveling of the case.

Altered passive eruption also subclassified according to the relationship be-
The normal tooth eruption process is consid- tween the CEJ and alveolar bone crest:
ered complete when the teeth reach the occlusal
plane and go into function. The soft tissues, in turn, » Subgroup A: The distance between the al-
follow this movement and ultimately the gingival veolar bone crest and the CEJ is greater than
margin migrates apically almost as far as the CEJ. or equal to 1 mm, therefore sufficient for the
When this does not happen and the gingiva contin- connective tissue attachment. In this sub-
ues to invest part of the dental clinical crown, it is group, in type I cases, gingivectomy can solve
named altered passive eruption (APE).>3 the problem, while in Type II cases, a flap dis-
APE cases usually involve young patients pre- placed apically is indicated.
senting with intact anterior incisal edges and un- » Subgroup B: The distance between the alveo-
desirable width/height dimensions. The ortho- lar bone crest and the CEJ is less than 1 mm,
dontist is responsible for properly diagnosing this therefore insufficient for the connective tissue
condition and treatment planning should invari- attachment. In these cases, osteotomy is nec-
ably involve cooperation by a periodontist to en- essary to establish correct biological distances.
sure gingival esthetics' (Fig 11). Therefore, the distance from the alveolar bone
According to Garber and Salama,” APE can cresttothe CEJ determineswhetherornotthere
be classified based on the amount of keratinized itis necessary to displace the flap in order to re-
gingiva: Type 1: Wide band of keratinized gingiva; model the bone, ensuring sufficient space to ac-
Type 2: Narrow band of keratinized gingiva, and commodate the connective tissue attachment.
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This classification is important when choosing
the periodontal therapy to be employed in each
case specifically.

Many patients present with APE in all anterior
teeth and their chief complaint is excessive gingi-
val display on smiling, which characterizes “gum-
my smile.” When there is a combination of vertical
maxillary excess in its etiology - which would re-
quire ortho-surgical treatment - these issues can be
fully addressed with periodontal surgery (clinical
crown lengthening), with a considerable impact on
smile esthetics and on patient satisfaction with the
treatment outcome!® (Fig 11).

Many patients often find it difficult to main-
tain proper oral hygiene during the course of orth-
odontic treatment. Moreover, given the presence of
orthodontic brackets, a reduction occurs in the self-
cleaning process effected by the lips and cheeks,
also contributing to the emergence of gingival in-
flammation, with isolated or widespread increases
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Figure 11 - A) Altered passive eruption: Re-
duced size of incisor crowns, B, C) immedi-
ately after starting orthodontic treatment,
periodontal probing disclosed gingival en-
largement in upper anterior region; D) clinical
crowns enlarged by means of gingivectomy;
E, F) changes effected in gingival contour and
dimension of clinical crowns of upper anterior
teeth; G, H) improved smile esthetics.

in probing depths. Regardless of how satisfactorily
one succeeds in leveling and aligning the teeth, and
in achieving functional occlusion, smile esthetics
is never entirely satisfactory after removal of the
orthodontic appliance.

Often, however, one can restore oral hygiene to
optimum levels after appliance removal, thereby re-
ducing gingival enlargement in these cases. Thirty
to sixty days after removal of the orthodontic appli-
ance, should gingival enlargement persist in some
regions, the periodontist should intervene surgi-
cally to correct these pseudo pockets.

Gingival recession

Gingival recession is defined as the apical mi-
gration of the gingival margin toward the CEJ. It
can affect individual teeth or groups of adjacent
teeth. It can also be associated with other factors
such as: Noncarious cervical lesions, cervical den-
tinal hypersensitivity, abfraction, and increased
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biofilm accumulation. This condition is a fre-
quent complaint among patients, and adversely
affects gingival contour esthetics by rendering it
less attractive.>!

The negative correlation between orthodontic
tooth movement and loss of gingival attachment
has been extensively reported.>'>*?® Often, even
prior to orthodontic treatment patients present
with a compromised periodontium, and bone de-
hiscence is usually already present, especially in
areas of incisors and canines. This anatomical con-
dition can only be diagnosed and evaluated more
accurately by CT scans of these regions. In these
cases, orthodontic movement can be performed as
usual, but greater care should be exercised regard-
ing biofilm control, in addition to implementing a
correct, non-traumatic brushing technique.?*

When tooth movements are made toward the
cortical bone, bone dehiscences may result.”-?
This does not mean that in such cases orthodontic
movement inevitably entails a loss of attachment,
but does indicate that this is more likely to happen
in the presence of etiologic factors of gingival re-
cession, i.e.,inflammation caused by biofilm and/
or tooth brushing trauma.

Classical studies in animals''® showed bone for-
mation in areas of bone dehiscence after tooth move-
ment in medullary directions. According to Lindhe,'
in some cases areas of gum recession can also be
masked by coronal migration of the soft tissue mar-
gin, reflected by increased gingival height (Fig 12).

Figure 13 - Gingival recession and buccal po-
sitioning of tooth #32's root (A, B); reduced
recession after orthodontically moving root to
correct position in alveolar bone (C, D).

© 2012 Dental Press Journal of Orthodontics

What is known, however, is that moving teeth
in medullary directions often induces bone forma-
tion in areas of dehiscence. Tooth movement in
these cases appears to be beneficial to periodontal
health as it improves the morphology of alveolar
bone and decreases anatomical predisposition to
tissue attachment loss (Figs 13 and 14)."9-%

In view of the above, the existence of gingival reces-
sion prior to the start of orthodontic treatment will
require periodontal surgery for root coverage before
starting to move teeth that present with gingival re-
cession, especially if these teeth are moved toward the

Coronal migration of soft
tissue margin

Tooth movement
direction

Increase in
gingival height

Figure 12 - Changes that occur in marginal periodontal tissues after
moving lingually teeth with bone dehiscence positioned labially in the
dental arch: Increases in bone and gingival height can be observed, as
well as coronal migration of soft tissue margin after movement (Adapt-
ed from: Kokich, Kokich, Spear'®).
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Figure 14 - Patients with unfavorable periodontal phenotypes treated with first premolar extraction and incisor retraction. Changes in alveolar bone
morphology can be observed as teeth have taken on a less cortical position. Gingival aspect appeared less distended and slender, and possibly less sus-
ceptible to potential trauma and/or inflammatory diseases.

Figure 15 - A, B) Patients with unfavorable
periodontal phenotype and gingival recession
on buccal region of lower incisors, which need
to be moved labially; C, D) gingival area cov-
erage before starting orthodontic movement;
E, F) proclination of lower incisors toward
covered region without worsening preexisting
condition; G, H)gingival integrity at the end of
orthodontic treatment.
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Figure 16 - Patient with history of periodontal disease, bone loss and gingival recession in upper incisor region (A, B). Reduced areas of gingival recession
after retraction of upper anterior teeth (C, D).

periodontal attachment loss area (Fig 15). If these teeth
are moved toward more medullary regions, the reces-
sionis more likely to improve as a result.>*"* In this case,
the need for root coverage surgery can be determined
after completion of the orthodontic treatment (Fig 16).

CONCLUSIONS
Success in definitively improving the esthetics
of gingival contours requires orthodontic and peri-
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odontal procedures. In orthodontics, placement of
corrective appliances must take into account the
apical heights of the gingiva of maxillary anterior
teeth. To this end, it is recommended to probe and
record, for diagnostic purposes, the gingival levels
prior to bonding the brackets. Knowledge of clini-
cal periodontics should be constantly reviewed
and updated to ensure that treatment is properly
performed and esthetic outcomes optimized.
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The structured abstracts must contain the following sec-
tions: INTRODUCTION, outlining the objectives of the
study; METHODS, describing how the study was conducted;
RESULTS, describing the primary results; and CONCLU-
SIONS, reporting the authors’ conclusions based on the re-
sults, as well as the clinical implications.

Abstracts must be accompanied by 3 to 5 keywords, or
descriptors, which must comply with MeSH (www.nlm.
nih.gov/mesh).

. Text

The text must be organized in the following sections: Intro-
duction, Materials and Methods, Results, Discussion, Con-
clusions, References and Figure legends.

Texts must contain no more than 4,000 words, including
captions, abstract and references.

Figures and tables must be submitted in separate files
(see below).

Insert the Figure legends also in the text document to help
with the article layout.

. Figures

Digital images must be in JPG or TIF, CMYK or grayscale,
atleast 7 cm wide and 300 dpi resolution.
Images must be submitted in separate files.
In the event that a given illustration has been published pre-
viously, the legend must give full credit to the original source.

The author(s) must ascertain that all figures are cited.

. Graphs and cephalometric tracings

Files containing the original versions of graphs and trac-
ings must be submitted.

Itisnot recommended that such graphs and tracings be sub-
mitted only in bitmap image format (non-editable).
Drawings may be improved or redrawn by the journal’s pro-
duction department at the criterion of the Editorial Board.
Graphics must be cited in the text as Figures.
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7. Tables

— Tables must be self-explanatory and should supplement,
not duplicate the text.

— Must be numbered with Arabic numerals in the order
they are mentioned in the text.

— Abrief title must be provided for each table.

— Intheeventthatatable hasbeen published previously,
a footnote must be included giving credit to the
original source.

— Tables must be submitted as text files (Word or Excel, for ex-

ample) and not in graphic format (non-editable image).

8. Ethics Committees

— Articles must, where appropriate, refer to opinions of
the Ethics Committees.

9. Statements required

All manuscripts must be accompanied with the follow-
ing statements, to be filled at the time of submission of
the article:

— Assignment of Copyright
Transferring all copyright of the manuscript for Dental
Press International if it is published.

— Conflict of Interest
If there is any commercial interest of the authors in the
research subject of the paper, it must be informed.

— Human and Animals Rights Protection
If applicable, inform the implementation of the recommen-
dations of international protection entities and the Helsinki
Declaration, respecting the ethical standards of the respon-

sible committee on human /animal experimentation.

— Permission to use copyrighted images

Original illustrations or tables, or modified from copyright-
ed material must be accompanied by permission to be used,
given by the owners of those rights and the original author
(and the legend must give proper credit to the source).

— Informed Consent
Patients have a right to privacy that should not be vio-

lated without informed consent.

10.References

— All articles cited in the text must appear in the reference list.

— Alllisted references must be cited in the text.

— TFor the convenience of readers, references must be cited in
the text by their numbers only.

— References must be identified in the text by superscript
Arabic numerals and numbered in the order they are

mentioned in the text.
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Information for authors

— Journal title abbreviations must comply with the standards
of the “Index Medicus” and “Index to Dental Literature”
publications.

— Authors are responsible for reference accuracy, which must
include all information necessary for their identification.

— References must be listed at the end of the text and conform
to the Vancouver Standards (http://www.nlm.nih.gov/bsd/
uniform_requirements.html).

— The following examples should be used:

Articles with one to six authors

Sterrett JD, Oliver T, Robinson F, Fortson W, Knaak
B, Russell CM. Width/length ratios of normal clinical
crowns of the maxillary anterior dentition in man. J
Clin Periodontol. 1999 Mar;26(3):153-7.

Articles with more than six authors
De Munck J, Van Landuyt K, Peumans M, Poitevin A,
Lambrechts P, Braem M, et al. A critical review of the
durability of adhesion to tooth tissue: methods and
results. J Dent Res. 2005 Feb;84(2):118-32.

Book chapter
Higuchi K. Osseointegration and orthodontics. In:
Branemark PI, editor. The osseointegration book: from
calvarium to calcaneus. 1. Osseointegration. Berlin:
Quintessence Books; 2005. p. 251-69.

Book chapter with editor

Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2n ed. Wieczorek RR, editor. White Plains (NY): March

of Dimes Education Services; 2001.

Dissertation, thesis and final term paper
Kuhn RJ. Force values and rate of distal movement of

the mandibular first permanent molar. [Thesis]. India-

napolis: Indiana University; 1959.

Digital format
Oliveira DD, Oliveira BF, Soares RV. Alveolar corti-
cotomies in orthodontics: Indications and effects on
tooth movement. Dental Press J Orthod. 2010 Jul-
Aug;15(4):144-57. [Access 2008 Jun 12]. Available from:
www.scielo.br/pdf/dpjo/vl15n4/en_19.pdf
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Notice to Authors and Consultants - Registration of Clinical Trials

1. Registration of clinical trials

Clinical trials are among the best evidence for clini-
cal decision making. To be considered a clinical trial a
research project must involve patients and be prospec-
tive. Such patients must be subjected to clinical or drug
intervention with the purpose of comparing cause and
effect between the groups under study and, potentially,
the intervention should somehow exert an impact on the
health of those involved.

According to the World Health Organization (WHO),
clinical trials and randomized controlled clinical trials
should be reported and registered in advance.

Registration of these trials has been proposed in or-
der to (a) identify all clinical trials underway and their
results since not all are published in scientific journals;
(b) preserve the health of individuals who join the study
as patients and (c¢) boost communication and coopera-
tion between research institutions and with other stake-
holders from society at large interested in a particular
subject. Additionally, registration helps to expose the
gaps in existing knowledge in different areas as well as
disclose the trends and experts in a given field of study.

In acknowledging the importance of these initiatives
and so that Latin American and Caribbean journals may
comply with international recommendations and stan-
dards, BIREME recommends that the editors of scien-
tific health journals indexed in the Scientific Electronic
Library Online (SciELO) and LILACS (Latin American
and Caribbean Center on Health Sciences) make public
these requirements and their context. Similarly to MED-
LINE, specific fields have been included in LILACS and
SciELO for clinical trial registration numbers of articles
published in health journals.

At the same time, the International Committee of
Medical Journal Editors ICMJE) has suggested that
editors of scientific journals require authors to produce
a registration number at the time of paper submission.
Registration of clinical trials can be performed in one of
the Clinical Trial Registers validated by WHO and IC-
MJE, whose addresses are available at the ICMJE web-
site. To be validated, the Clinical Trial Registers must
follow a set of criteria established by WHO.

2. Portal for promoting and registering clinical trials

With the purpose of providing greater visibility to
validated Clinical Trial Registers, WHO launched its
Clinical Trial Search Portal (http://www.who.int/ictrp/
network/en/index.html), an interface that allows simul-
taneous searches in a number of databases. Searches on
this portal can be carried out by entering words, clinical
trial titles or identification number. The results show all
the existing clinical trials at different stages of imple-
mentation with links to their full description in the re-
spective Primary Clinical Trials Register.

The quality of the information available on this portal
is guaranteed by the producers of the Clinical Trial Reg-
isters that form part of the network recently established
by WHO, i.e., WHO Network of Collaborating Clinical
Trial Registers. This network will enable interaction
between the producers of the Clinical Trial Registers to
define best practices and quality control. Primary regis-
tration of clinical trials can be performed at the follow-
ing websites: www.actr.org.au (Australian Clinical Trials
Registry), www.clinicaltrials.gov and http://isrctn.org
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(International Standard Randomized Controlled Trial
Number Register (ISRCTN). The creation of national
registers is underway and, as far as possible, the regis-
tered clinical trials will be forwarded to those recom-
mended by WHO.

WHO proposes that as a minimum requirement the
following information be registered for each trial. A
unique identification number, date of trial registration,
secondary identities, sources of funding and material
support, the main sponsor, other sponsors, contact for
public queries, contact for scientific queries, public title
of the study, scientific title, countries of recruitment,
health problems studied, interventions, inclusion and
exclusion criteria, study type, date of the first volunteer
recruitment, sample size goal, recruitment status and
primary and secondary result measurements.

Currently, the Network of Collaborating Registers is
organized in three categories:

- Primary Registers: Comply with the minimum re-
quirements and contribute to the portal;

- Partner Registers: Comply with the minimum re-
quirements but forward their data to the Portal
only through a partnership with one of the Primary
Registers;

- Potential Registers: Currently under validation by
the Portal’s Secretariat; do not as yet contribute to
the Portal.

3. Dental Press Journal of Orthodontics -

Statement and Notice

DENTAL PRESS JOURNAL OF ORTHODONTICS
endorses the policies for clinical trial registration en-
forced by the World Health Organization - WHO (http://
www.who.int/ictrp/en/) and the International Commit-
tee of Medical Journal Editors - ICMJE (# http://www.
wame.org/wamestmt.htm#trialreg and http://www.ic-
mje.org/clin_trialup.htm), recognizing the importance
of these initiatives for the registration and international
dissemination of information on international clinical
trials on an open access basis. Thus, following the guide-
lines laid down by BIREME / PAHO / WHO for index-
ing journals in LILACS and SciELO, DENTAL PRESS
JOURNAL OF ORTHODONTICS will only accept for
publication articles on clinical research that have re-
ceived an identification number from one of the Clinical
Trial Registers, validated according to the criteria estab-
lished by WHO and ICMJE, whose addresses are avail-

able at the ICMJE website http://www.icmje.org/faq.

pdf. The identification number must be informed at the
end of the abstract.

Consequently, authors are hereby recommended
toregister their clinical trials prior to trial implemen-
tation.

Yours sincerely,

David Normando, CD, MS, Dr

Editor-in-chief, Dental Press Journal of Orthodontics
ISSN 2176-9451

E-mail: davidnor@amazon.com.br
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