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ABSTRACT

AIM: The aims of our research were as follows: 1) Description of changes in the position of the upper and
lower lips, as a result of the change in the position of upper and lower incisors after orthodontic treatment of
malocclusion of Class Il, division 2 type. 2) Determination of correlation between changes in the position of lips
and incisors in the profile of the face after orthodontic treatment of malocclusion of Class Il, division 2 type.
MATERIALS AND METHODS: Our study analyses the documentation of 115 patients with malocclusion of
Class I, division 2 type treated with a fixed orthodontic appliance in the upper and lower dental arches at the
Orthodontic Department of the Clinic of Dentistry in Olomouc from January 1, 1996 to December 31, 2017.
There were 78 women and 37 men aged 11 to 36 years included in the database. Cephalometric images

of patients from the group taken before and after the treatment were used for the purpose of cephalometric
analysis according to Kaminek (1) and Burstone's analysis (2) of soft tissues. Subsequently, all output data

were processed statistically.

RESULTS: While the protrusion of the incisors after treatment of malocclusion of Class Il, division 2 type was
3 mm, the facial profile showed statistically significant changes in soft tissues in the ventral direction by 1 mm
on average just in the area of the upper and lower lips, which means a shift corresponding to one third of

teeth movement.

CONCLUSION: A statistically significant change in the position of incisors, soft tissues as well as correlation
between changes in hard and soft tissues in the face profile after orthodontic treatment of malocclusion of
Class Il, division 2 type were demonstrated. The more the incisors were inclined, the more the lips moved
forward, and the patient’s profile turned out to be aesthetically improved (Tab. 2, Fig. 3, Ref. 39). Text in PDF

www.elis.sk
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Introduction

Although physical attractiveness and perfect aesthetics of the
face have always been a concern of interest for experts over the
centuries, it has not been clearly defined until present times (3).
In general, there is no geometric rule for facial aesthetics. Much
more important is the overall harmony of the face (1). Despite the
considerable subjective assessment of facial appearance in different
individuals, certain rules can be found out in the literature that may
serve as approximate guidelines that clinicians follow in trying to
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achieve the desired aesthetic result (4). The use of the so-called gold-
en proportion, described by Dr. Stephen R. Marquardt through his
“golden phi mask” is considered significant. The basis of the golden
ratio is a special number phi approximately equal to 1.618 (5).

The face profile can be measured using a number of parame-
ters. The angle of facial convexity is a parameter that assesses
the relationship between the upper, middle and lower thirds of
the face and is formed by the lines G (glabella) — Sn (subnasale)
and Sn (subnasale) — Pog (skin pogonion). The average values
of this angle range from 164 to 172°. Lower values of this angle
indicate a convex facial profile whereas higher values indicate a
concave facial profile (6).

In practice, we are most interested in the position of the lips
in the profile of the face, which we can influence, most of all,
by orthodontic treatment. We evaluate this position according to
Ricketts’ aesthetic line which is drawn from the tip of the nose to
the tip of the chin. The average position of the upper lip is 4 mm
behind this line, the lower lip is 2mm behind the line (6).

For patients with Class 11, division 2 malocclusion, a concave
facial profile, short lower third of the face, protruding chin and

Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition



Bratisl Med J 2022; 123 (3)
185-190

Fig. 1. Cephalometric analysis /borrowed from the author’s database/
(source: Database of the Orthodontic Department of the Clinic of Den-
tistry, Palacky University).

deep mentolabial sulcus are typical (7, 8, 9). The skeletal basis of
the anomaly is a significant anterior growth rotation (10, 11, 12).

Treatment of Class II, division 2 malocclusion depends on the
age of the patient. The treatment aims at achieving a functional
and aesthetically satisfactory result with a guarantee of long-term
stability (13). However, such a result can only be achieved after a
detailed treatment plan is drawn up and agreed to by the patient.

Interceptive treatment during the period of mixed dentition
aims to eliminate factors that negatively affect the growth and de-
velopment of the face. These include retrusion of upper incisors,
which can cause retrusion of lower incisors and thus may cause
crowding in the lower dental arch.

The correction treatment in permanent dentition leads to de-
finitive correction and improvement of the anomaly. It includes
sagittal expansion in the upper dental arch and improvement of
the torsion of incisors. The need to perform the sagittal expansion
in the lower dental arch, even at the expense of stability, is often
associated with the effort to achieve facial aesthetics and optimal
occlusal outcome (13). However, long-term therapeutic retention
of the result is necessary. Extractions in the lower dental arch are
not recommended. Only extreme crowding requires extraction in
the upper arch, preferably that of the second premolars. A change
in the position of the teeth during orthodontic treatment causes the
change in the position of soft tissues (14). Specifically, the position
of the lips depends on the position of the incisors in the profile of
the face. This change is more significant in patients with thinner
lips (1). A change in the facial appearance in patients with maloc-
clusion of Class 11, division 2 type is undisputable and is often the
main reason to visit an orthodontist (14).
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Fig. 2. The Burstone’s analysis /the author’s own designation/ (source:
Database of the Orthodontic Department of the Clinic of Dentistry,
Palacky University).

Materials and methods

Our study analyses the documentation of 115 patients with mal-
occlusion of Class II, division 2 type treated with a fixed orthopedic
appliance in the upper and lower dental arches at the Orthodontic
Department of the Clinic of Dentistry in Olomouc from January
1, 1996 to December 31, 2017. There were 78 women and 37 men
aged 11 to 36 years included in the database.

Due to the different planning of sagittal expansion in the lower
dental arch, we were interested in how much the upper and lower
incisors protrude in patients with malocclusion of Class II, divi-
sion 2 type. Due to the significant changes in the position of the
lower incisors after the orthodontic treatment, we also decided to
examine how the position of lips and soft tissues in the face profile
changes after the treatment as well as to assess the correlation be-
tween post-treatment changes of soft and hard dental tissues in the
ventral direction. The cephalometric images of patients from the
group taken before and after treatment were analysed and changes
in individual parameters were compared. The following cephalo-
metric values were used for the purposes of this study: angle 1+NS,
angle 1-ML, interincisal angle 1+1, position 1+NPo, and position
1-Apo (Fig. 1). They are described as follows:

— 1+1 value determines the interincisal angle, which indicates the
relationship between the upper and lower incisors. Mean values
range from 127°+8.5.

— 1-MLvalue; this is the angle formed between the longitudinal
axis of the lower incisor and the mandibular line. This line
passes through the gnathion and gonion points. The mean value
is 94°+7.
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Tab. 1. Values of the cephalometric analysis - change in the position of incisors.

1+1 1-ML 1-APo 1+NS 1+NPo
before after before after before after before after before after
Mean 143.88 130.6 93.5 101.37 -1.67 1.31 91.18 99.44 2.94 4.87
Standard deviation 22.02 13.49 7.8 9 2.9 3.1 10.02 9.02 3.75 3.51
Population mean 127+£8.5 94+7 3+2 104+6.5 7£2.5
Difference 13.28° 7.87° 2.9 mm 8.26° 1.93 mm
Paired p-test <0.05 <0.05 <0.05 <0.05 <0.05
Tab. 2. Values of Burstone’s soft tissues analysis.
1K 3L 2M 4N 50 6P
before after before after before after before after before after before after
Mean 18.07 18.20 15.82 16.93 14.39 14.79 15.05 14.37 10.67 11.74 11.62 11.79
Standard deviation 342 3.50 331 3.59 3.15 3.64 2.80 2.44 1.94 2.12 2.32 2.38
Difference 0.13 1.11 0.40 0.68 1.07 0.17
Paired p-test p>0.05 p<0.05 p>0.05 p <0.05 p <0.05 p>0.05

— 1-Apo;point A value is the deepest point of the alveolus of
the upper jaw in the sagittal plane; corresponds to the anthro-
pological point of the subspinale. Pogonion is the foremost
point of the chin in the sagittal plane. Their distance is usually
3 mm=2.

— 1+NS value; this is the angle formed between the longitudinal
axis of the upper incisor and the NS line, which is defined by
the nasion point and center of sella turcica. Mean values are
104°+6.5.

— 1+NPo value; a position of upper incisors defined by the distance
of the cutting edge to the NPo line (nasion point to pogonion
point). The mean value should be 7 mm=2.5.

Subsequently, the same cephalometric images taken before
and after treatment were subjected to Burstone’s analysis (2) of
soft tissues. Statistical evaluation was performed by paired t-test
and correlation method at the Institute of Medical Biophysics of
the Faculty of Medicine of the Palacky University in Olomouc.

According to Burstone’s analysis (2) of soft tissues, we con-
structed the points on cephalometric images. Owing to consistent
terminology of points, we marked the points as follows (Fig. 2):
— Point 1; the most posterior point on the anterior contour of the

upper alveolar ridge, located about 2 mm in front of the apexes
of the upper incisors

— Point 2; the most anterior point on the vestibular surface of the
upper incisor

— Point 3; the most anterior point on the vestibular surface of the
upper middle incisor (according to Burstone, point B)

— Point 4; the most anterior point on the vestibular surface of the
lower middle incisor

— Point 5; the most posterior point on the alveolus of the jaw in
the sagittal plane

— Point 6; the most anterior point on the symphysis of the mandible

— Point K; the point at which the nasal septum between the nostrils
merges with the upper cutaneous edge of the midline (according
to Burstone, A point)

— Point L; the point located at the site of the greatest concavity of
the upper lip (according to Burstone, point B)

— Point M; the most anterior point on the front edge of the upper
lip (according to Burstone, point C)

— Point N; the most anterior point on the front edge of the lower
lip (according to Burstone, point D)

— Point O; the point located at the site of the greatest concavity
of the lower lip (according to Burstone, point E)

— Point P; the lowest point on the contour of the jaw (according
to Burstone, point F)

Results

1. The measurements after the orthodontic treatment showed
significant changes in the position and inclination of the upper
and lower incisors in patients with malocclusion of Class I,
division 2 type. Both incisors were protruded, thus reducing
the interincisal angle by 13.28° and consequently altering also
the position of the lower incisor 1 — APo by 2.9 mm. The po-
sition of the upper incisor 1 + NPo changed by 1.93 mm. The
angle 1-ML increased by 7.87° and the angle 1 + NS by 8.26°
(Tab. 1).

2. In terms of soft tissues, the position of the upper lip changed
by 1.11 mm and that of the lower lip by 0.68 mm in the ventral
direction. The most posterior point on the mentolabial groove
moved forward by 1.07 mm (Tab. 2).

3. The results of correlation were statistically proven depending
on the shift of soft and hard dental tissues in terms of protru-
sion as follows:
 minus 0.26 (correlation of the upper incisor and the upper lip)
» minus 0.2 (correlation of the lower incisor and the upper lip

due to both protrusion and intrusion of incisors) (Fig. 3).

Discussion
The aim of our study was to determine changes in the position
of incisors, lips and soft tissues in face profiles in patients with

Class II, division 2 malocclusion as well as to assess their corre-
lation after the orthodontic treatment.
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Fig. 3. Correlation of the upper (on the left) and lower (on the right) incisors to the upper lip /the author’s own clinical material/ (source: Da-
tabase of the Orthodontic Department of the Clinic of Dentistry, Palacky University).

In a group of 115 patients aged 11 to 36, with Class 11, divi-
sion 2 malocclusion treated with non-extraction therapy using a
fixed orthodontic appliance in the upper and lower dental arches,
the upper and lower incisors were protruded, thus reducing the
interincisal angle by 13.28°, from the average value of 143.88°
to that of 130.6°. To achieve occlusal stability, Downs (15) pre-
fers the interincisal angle of 135.4. Steiner (16) states an angle of
131. The position of the lower incisor to the APo line changed by
2.9 mm from the average value of —1.67 mm to that of 1.31 mm,
and the position of the upper incisor to the NPo line changed by
1.93 mm from the average value of 2.94 mm to that of 4.87 mm.
This shift of the front teeth was also associated with the shift of
soft tissues of the lower and upper lips in the ventral direction.
After the treatment, the upper lip moved by 1.1 mm on average
from the average value of 15.82 mm to that of 16.93 mm, while
the lower lip moved by 0.68 mm on average from the average
value of 15.05 mm to that of 14.07 mm. From the above facts,
it follows that the change in soft tissues corresponds to one third
of teeth shift.

There are almost no articles in the literature describing the
change in the position of soft tissues in the facial profile during
malocclusion of Class I, division type 2 treatment. Most authors
(17, 18, 19, 20, 21) examine the response of the lips and soft tis-
sues of the face as a result of incisor retraction.

188

Proffit (22) states that the retraction of upper incisors is fol-
lowed by a shift of the upper lip by 2/3 of teeth shift. Nanda (23)
describes that the position of upper lip is affected by the retraction
of upper and lower incisors and rotation of the mandible. While
the change in the position of the lower lip was affected by the
change in the position of the mandible, the correlation between
the position of the lower incisors and retraction of the lower lip
were not confirmed.

In his study, Holdaway (24, 25) claims that in patients with
lip thickness of more than 18 mm, the retraction of the incisors
either does not change the position of the lips at all, or only to a
minimum. The change in the position of lips is well achieved if
the lip thickness is within the normal values of 13—15 mm. With
a lip thickness of 12 mm or less, the change in the position is as
fast as the movement of the tooth. Many other authors (26, 27, 28,
29) including us in our study, agree with the statement that more
significant changes in the profile are more observable in patients
with thinner lips regardless whether protrusion or retrusion of inci-
sors is involved. Thicker lips cause less significant after-treatment
changes in the profile, but at the same time, can mask, to some
extent, the existing deficiency in patients with malocclusion of
Class II, division 2 type (28).

Mirabella et al (27) state a change in the position of the up-
per incisor after protrusion by 3.75 + 0.67 mm. When the incisor
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shifts by 1 mm ventrally, the lips move by 0.10 mm in the same
direction.

According to Kuhn (26), who studied the effect of incisor
movement in the sagittal direction on the soft tissue profile, the
change in the position of labrale superius by 0.59 mm can be ex-
pected with each millimeter of horizontal movement of the most
anterior point on the upper central incisor. Changes in the lip posi-
tion were less significant in patients with initially thicker lips than
in those with thinner lips.

In addition to the initial lip thickness, the size of the interin-
cisal angle before treatment significantly contributes to the final
effect of orthodontic treatment in terms of incisors, lips, and soft
tissues of the face, which can serve as an indicator of how much
the incisors need to be protruded. The larger the initial angle, the
more significant the inclination of the incisors and more observ-
able the changes in lip position (26, 27).

Fidler (30) and Freitas (31) did not show a statistically signifi-
cant correlation between hard and soft tissue changes when com-
paring extraction and non-extraction orthodontic treatments. They
suppose that the results of their study are associated with individual
morphology and response of soft and hard tissues to treatment.

The ability to accurately predict soft tissue changes after treat-
ment would be very beneficial in orthodontic treatment planning.
However, despite the existence of significant correlations between
dental movements and soft tissue changes, it is not possible to un-
ambiguously determine the therapeutic outcome in terms of the lips
and soft tissues. Patients should be informed about a wide range
of possible soft tissue responses caused by orthodontic treatment
(26), and it is also necessary to take account of individual view and
approach to aesthetic assessment of a facial profile (32, 33, 34, 35).

Conclusion

We demonstrated statistically significant changes in the posi-
tion of the upper and lower incisors in terms of both reduction in
interincisal angle and their position in the face profile. A signifi-
cant change in the position of the lips and soft tissues after the
end of orthodontic treatment of Class II, division 2 malocclusion
was also demonstrated. The protrusion of the incisors was 3 mm
on average and movement of the upper and lower lips was 1 mm
on average. It follows that the change in soft tissues corresponds
to one third of the change in the position of teeth. However, the
lip thickness is significantly applied. The fuller they are, the less
they follow this change. In the case of Class II, division 2 maloc-
clusion, the inclination of the incisors and related movement of
lips in the profile significantly contributed to the improvement in
the aesthetic appearance of the face.

In general, it can be stated that by changing the position of
incisors, we also change the position of lips. However, changes in
the position of the chin and nose cannot be achieved just with the
orthodontic treatment (36, 37). The results of the correlation were
statistically demonstrated in relation to the shift of soft and hard
dental tissues in the ventral direction. Due to both unstable position
of'the incisors after treatment and genetic basis of the anomaly, the
need for long-term retention of the treatment result is necessary.

Nowadays, a gradually stronger emphasis is being placed on
facial aesthetics (38). The role of soft tissues in the profile of the
face is not negligible and its importance should not be forgotten
in creating a treatment plan (39).
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