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EFFECTS OF ORTHODONTIC TREATMENT METHODS ON FACIAL PROFILE
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ABSTRACT

Facial esthetic-based orthodontic treatment planning for Class Il division 1
malocclusion patients requires an understanding of the effects of different kinds of
appliance therapy and treatment methods on the facial soft tissue profile. The purposes of this
study were to evaluate the effects of different orthodontic treatment methods on facial profile
preferences in treated Class Il division 1 patients.

The sample (45 males & 65 females) was selected from 195 records of a previous
study. The samples were classified into 2 groups, better and nonbetter facial profile as
determined by a panel of lay people and professionals on the basis of a previous study.
Another classification divided the sample into 3 groups: 1) two upper first bicuspid
extractions (4/-); 2) two upper first bicuspid and two lower second bicuspid extractions (4/5)
and 3) four first bicuspid extractions (4/4). Cephalometric analysis was performed for
various measurements in each subgroup. Paired t-test, Independent t-test and Kruskal-Wallis
test were used in this study. The findings are as follows:

1. There were some significantly different variables (p<0.05) between genders:
differences in pretreatment soft tissue morphology, soft tissue responses to the treatment,
and soft tissues variables as perceived and preferred by the panel.

2. The differences in soft tissue profile variables as perceived by the panel for the
most improved profiles were the labiomental angle and interlabial gap in males, and the
labiomental angle, the nasolabial angle, and the H-angle in females. Secondary
determinant variables were the upper lip thickness and protrusion in males, and the upper
and the lower lip protrusion in females.

3. Treatment of Class Il division 1 malocclusion with 4/4 extraction produced
more satisfactory soft tissue changes than other extraction groups in both genders. The 4/5
extraction method seemed to produce less improvement in the variables responsible for
the expressed preference in males, while the 4/- extraction method produced less
improvement of determinant soft tissue variables in females.

This study suggests that sexual dimorphism, pretreatment discrepancies and
extraction treatment effects of soft tissue variables and preference should be discussed and
taken into account in orthodontic treatment planning for individual Class Il division 1
patients.

KEY WORDS: FACIAL PROFILE PREFERENCES / CLASS Il DIVISION 1/
SOFT TISSUE PROFILE CHANGES / EXTRACTION METHODS
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CHAPTER |
INTRODUCTION

Class Il division 1 malocclusion is one of the predominant dentofacial
patterns in Thai patients who are seeking esthetic improvement. This is due to their
relatively more convex profile and protruding teeth. Their malocclusion and unaesthetic
appearance may result from a variety of skeletal and dental imbalances arising from
various etiologic factors. This variation has led to a spectrum of treatment plans that
have had a mixed degree of clinical success in achieving facial esthetics. One of the
objectives in orthodontic treatment is to reduce the profile convexity to improve the
facial esthetics. Soft tissue profile plays an important part in achieving the facial
esthetics goal. Practically all orthodontists admit that success in orthodontic treatment
is closely tied to favorable changes in the facial soft tissue (1).

The treatment of Class Il division 1 malocclusion varies depending on the age
of the patients, the experience and training of the clinician, the desires, concerns, and
expectations of the patients and other patients-clinician related variables. There have
been a variety of alternative strategies existed for the treatment of Class Il division 1
malocclusions. Fundamental & mutually exclusive treatment decisions concerning
one-stage versus two-stage treatment as well as extraction versus non-extraction are
routinely made. Therefore, selection of the treatment method of choices in orthodontic
is usually a question of the clinician’s personal preference and generally based on
subjective criteria (2).

The role of the orthodontist in resolving the patient's dental and facial esthetic
concerns is a challenge due to the number of factors to be evaluated. The effect of
growth and aging, the existing dental, gingival, dentoalveolar, skeletal, and facial soft
tissue components mandate a thorough investigation into all treatment options and
modalities available to reach optimal esthetic goals.

Facial esthetics is the very important area of orthodontic treatment along with
an excellent function and a good stability. Today, the esthetics is of much more
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concern to patients because they want to improve their facial imbalances. Balancing
facial proportions and harmonious arrangement of facial parts are ways to achieve the
objectives of the facial esthetic treatment plan. Profile appearance is considerably
important, even though patients see themselves in full face everyday and rarely
visualize their own profiles, because our esthetic perception is not ours alone. It is
mediated by other people. They see our profile and judge us on it. Their perception
shapes our perception. Therefore, profile appearance is a significant factor involving
decision making in the orthodontic treatment plan (3) .

Successful orthodontic treatment involves more than just movement of teeth
according to the accepted cephalometric criteria that most orthodontists conventionally
use. Treatment should be based on quantified plans derived from the study of facial
soft tissue form, skeletal morphology, and dental relation (2). Because form and
function are interrelated, the influence of growth and environmental factors on the
dentofacial complex must also be taken into account.

Static and dynamic evaluations of the facial soft tissue are important factors
in developing treatment plans. However the clinical impressions derived from these
soft tissue evaluations must be related to the underlying skeletal and dental relations
evaluated by cephalometric and occlusal analysis.This is important, because the shape
and thickness of the soft tissue drape can vary so much, that it may not always be
possible to relate the soft tissue to the underlying skeletal form (2). Coordinating the
skeletal and soft tissue structures results in a more physiological approach that requires
less actual tooth movement than that adopted in a strictly tooth-moving approach.

Facial esthetic-based orthodontic treatment planning also requires an understanding
of the effects of different kinds of appliance therapy and treatment methods on the facial
soft tissue profile. Different appliances and mechanics produce difference soft tissue
effects. It is essential to consider the patient’s morphologic needs when making
decision in selection of treatment mechanics. Cookbook approaches must be avoided.
Therefore, it would be interesting to know more about treatment effects to improve

treatment plans and results in this kind of patient (1).
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CHAPTER I
OBJECTIVES

The Purpose of this Study
The main purpose of this research was to evaluate effects of different
orthodontic extraction treatment methods on facial profile preference in treated Class

Il division 1 patients. The supporting purposes were in the following items:

1. To analyze the soft tissue profile variables before and after treatment in the 3
different extraction method groups (upper 4 extraction, upper 4 and lower 5
extraction, and 4 first bicuspids extraction).

The null hypothesis is: There were no significant differences in soft tissue

profile variables within groups between pre- & post-treatment.

2. To compare the differences in soft tissue profile changes among groups
treated with different extraction methods.
The null hypothesis is: There were no significant differences in soft tissue
profile changes among groups.

3. To analyze the soft tissue profile variables before and after treatment in the
two profile-preference groups (better and nonbetter profile groups).
The null hypothesis is: There were no significant differences in soft tissue
profile changes in each profile-preference group between pre- & post-

treatment.

4. To compare the differences in soft tissue profile changes between those
two profile-preference groups.
The null hypothesis is: There were no significant differences in soft tissue
profile changes between the two profile-preference groups.
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The Expected Benefit of this Study

The results from this study will be of benefit for the orthodontist in decision
making to select the treatment in individual case of Class Il division 1 patients based
on effects of treatment on soft tissue facial profile changes between treatment methods
and the facial profile preference.The data will provide clinically meaningful guidelines
for the patients and orthodontists themselves.
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CHAPTER I
LITERATURE REVIEW

Treatment of Class Il division 1 Malocclusion

Class Il malocclusions can be treated by several means, according to the
characteristics associated with the problem, such as anteroposterior discrepancy, age,
and patient compliance (4). Methods include extraoral appliances (5, 6), functional
appliances (7, 8), and fixed appliances associated with Class Il intermaxillary elastics
(9). The orthodontic treatment plan might be also involved with extraction methods (9,
10). In addition to correct the dental Class Il relationship, an objective of these
treatment approaches is to provide good facial balance (11).

Treatment of Class Il division 1 malocclusion can be categorized into 2
groups due to types of malocclusion: dental Class Il malocclusion or skeletal Class 11
malocclusion.

In dental Class Il malocclusion patients, there are 2 main treatment
alternations: 1) non-extraction treatment that approaches with distal movement of the
maxillary molars, 2) extraction treatment that involved unilateral or bilateral
extraction.

The other type of Class Il malocclusion, skeletal Class Il malocclusion, the
treatment alternations are based on stage of growth and development of the patients; in
other word; growing or non-growing patients.

Growing patient can be treated by growth modification with the used of 1)
headgear therapy (cervical pull face bow, high pull face bow, high pull headgear with
J-hook, and Hickham type headgear) 2) removable functional appliances (activator,
bionator, Frankel appliance, and twinblock)  3) fixed functional appliances (Herbst,
lip bumper, Jasper jumper) and 4) the combination.

On the other hand, non-growing skeletal Class 11 division 1 patients have less
treatment alternation, that is only a camouflage treatment or an orthognathic surgical

procedure.
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Extraction Treatment of Class 11 division 1 Malocclusion

Non-extraction treatment is the goal of orthodontics whenever possible, but
this goal can not always be achieved and is not always in the patient’s best interest.
The orthodontist is frequently faced with either spacing or crowding. When there is
spacing in the arches, non-extraction treatment can normally be carried out, but if
there is crowding, there may be a need for extraction to reach the best possible end
result.

Extraction methods can be involved with 2 maxillary bicuspids (12) or 2
maxillary and 2 mandibular bicuspids (13). The extraction of only 2 maxillary bicuspids is
generally indicated when there is no crowding or cephalometric discrepancy in the
mandibular arch (14, 15). Extraction of 4 bicuspids is indicated primarily for
crowding both in the maxillary and mandibular arches, having a cephalometric
discrepancy, or a combination of both in growing patients (11, 14, 16). In a complete
Class Il malocclusion, anchorage is essential to maintain the posterior segment in
place during retraction of the anterior teeth when only 2 maxillary bicuspids are
extracted. Anchorage is usually provided by extraoral appliances that require patient
compliance for treatment success. However, when a complete Class 1l malocclusion is
treated with 4 bicuspid extractions, there is an even greater need for anchorage,
because the posterior and anterior maxillary dental segments must be distalized to
reach a Class | molar-canine relationship at the end of treatment (13, 17).
Consequently, treatment success depends even more on patient compliance. On the
basis of these considerations, itis speculated that the occlusal success rate of Class Il
correction with 4 bicuspid extractions is more likely to be compromised by the
absence of patient compliance in the use of anchorage devices than in treatment with
2 bicuspid extractions.

The extraction decision is not always a ‘black and white’ one. There are
surely many cases where the extraction decision is in a gray area, and a pleasing result
can be achieved by several routes. In a few cases there may be no right or wrong
answer and, for example, extraction of four first bicuspids or four second molars could
lead to a pleasing results, if treatment mechanics were correct. The results may be
similar when following either extraction choice, but the duration of treatment and the

cooperation required might be different.
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The extraction options are listed below (18):
1) Extraction of first bicuspids
2) Extraction of second bicuspids
3) Extraction of second molars

4) Other extraction sequences

1. Extraction of first bicuspids
Extraction of first bicuspids (and maybe later the third molars) is the classical
choice in dealing with moderate to severe orthodontic crowding, where teeth need to

be removed.

2. Extraction of second bicuspids

The perceived advantage of extracting second bicuspids instead of first
bicuspids is that the space is available further back in the mouth. Logically, this should
provide ‘less anchorage’ and should result in more mesial movement of molars,
increasing space for third molars. The disadvantage concerns the contact area between

lower first molars and the lower first bicuspids.

3. Extraction of second molars
Extraction of second molars is controversial. Removal of second molars
normally guarantees enough space for third molars, but does not ensure that these teeth

will erupt into good positions.

4. Other extraction sequences

A small percentage of cases may require the extraction of one lower incisor.
This is considered when there is an extreme tooth size discrepancy between the upper
and lower anterior teeth.

In some Class Il cases, upper second molars and lower third molars may be
extracted, and in some Class Il cases, it may be necessary to extract two upper
bicuspids only.

In addition to the general options listed above, caries, poorly formed teeth,
ectopic eruption, asymmetries, ankylosis and many other factors may lead to other
choices or combinations of extractions (18).
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Soft Tissue Facial Considerations and Orthodontic Treatment

Changes of Soft Tissue Profile

Facial profile is influenced by morphologic relationships and proportions of
nose, lips and chin which the balance of these three anatomical structures could be
altered with growth and orthodontic treatment. It is necessary for orthodontist to
understand not only changes incident on treatment but also of the amount and
direction of growth of the structures. This concept supported by Hambleton (19), he
declared that orthodontist who wants to know what goals he can achieve in the soft

tissue; he must know about growth and development.

Soft Tissue Changes with Growth

According to longitudinal studies of Whites of Northern European Ancestry with
clinically acceptable occlusion, pleasing facial esthetics, and no history of orthodontic
treatment, the following findings on soft tissue facial structures are relevant (17, 20-21).

1. Soft tissue profile changes occur earlier in females than in males. Females
in general have attained their adult size at age 15, whereas male appear to be growing
significantly even at age 18.

2. The skeletal and soft tissue chin becomes more prominent with age,
because the soft tissue chin closely follows the underlying hard tissues. It is for this
reason that the dental overretraction of a child in the mixed dentition, who may seem
very dental protrusive, should be avoided. With growth of the nose and increase in
mandibular prognathism, the dental protrusiveness becomes less apparent. In adulthood,
the chin soft tissue thickness increases in males but decreases in females.

3. The soft tissue angle of convexity excluding the nose changes minimally
from 6 months to 18 years of age. Up to the age of 18, the average thickness of soft
tissue overlying Nasion tends to remain constant or to decrease slightly with age. This
can partially explains why the soft tissue profile, when the nose is excluded, does not
tend to become straighter as does the underlying skeletal profile.

4. When the nose is included in the angle of convexity. The average angle
increases until age 3 which explains the rapid increase in mandibular prognathism.

From 3 to 18 years, there is a marked continuous decrease in the angle of convexity,
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because the forward growth of the nose is proportionally greater than the other
structure in the face. Interestingly, in late adulthood convexity decreases slightly,
reflecting either more vertical growth of the tip of the nose or a more forward change
of a soft tissue Pogonion.

5. The length of the upper and lower lips increases between the age of 1 and
18 years. After the full eruption of the central incisors, however, the lip maintains the
fairly constant vertical relationship with the upper and lower anterior incisal edges.
Between the age of 18 and 42, both males and females show an increase upper lip
length that reduces the incisor exposure by 1 mm. The changes in the amount of
incisor exposure can vary greatly with age between individuals.

6. In adulthood, the upper and lower lips decrease in thickness, which taken
with increases in nose depth and length and an increase in chin soft tissue thickness,
results in the lips appearing more retruded with age.

These and other growth studies have clearly shown that dynamic changes in
the facial integument occur over the entire period of growth and even into adulthood.

Esthetic standards therefore must be different for children, adolescents, and adults.

Soft Tissue Profile Changes with Orthodontic Treatment

The concept that orthodontic treatment can alter the integumental contour of
the face is not new. In early studies, Angle (22) suggested that if the dentition is
arranged according to given standards, the soft tissue will be shaped in a harmonious
manner. Case (23) reproved the concept that there was constant relationship between
ideal occlusion and ideal facial esthetics. So did Tweed (24), he stated that facial
balance and harmony were determined by teeth properly positioned.

Bloom (25) analyzed alteration in soft tissue profile following movement
maxillary and mandibular incisors and demonstrated that there was subsequently
alteration in the soft tissue profile around the mouth. Holdaway (26) indicated that, in
general, for adolescent the normal and usual thickness of soft tissue at Subspinale is 14
to 16 mm. As Subspinale is altered by tooth movement, headgear, etc., the soft tissue
will follow this point and remain the same thickness. When there is a taper in the
maxillary lip immediately anterior to incisors, as in protrusive denture, the tissue will

thicken as the incisors are moved lingually until the tissue approaches the thickness at
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Subspinale. When the lip taper has been eliminated, further lingual movement of
incisors will now cause the lip to follow the incisors in a 1:1 ratio. In adult tissue
reaction, the lip may follow the incisors immediately even though there may be lip
taper.

Branoff (27) studied on orthodontically treated patients with removal of four
first bicuspids, and found that the changes in soft tissue thickness and lip length were
correlated with movement of hard structures during treatment and with the changes to
orthodontic treatment are affected by both lips changes related to tooth movement and
growth changes in the soft tissue thickness of the nose and chin.

However, Talass et al. (28) observed that there were three clinically
significant soft tissue changes occurring in response to orthodontic treatment that
included a mean upper incisors retraction of 6.7 mm. such as: 1) the retraction of the
upper lip, 2) increase in lower lip length, and 3) increase in nasolabial angle. They also
found that the changes in lower lip in response to orthodontic treatment were more
predictable than those of upper lip.

Keating (29) studied in 30 bimaxillary protrusion patients who had four first
bicuspids extraction and compared to 30 Class | malocclusion cases who had similar
extraction and treatment. He found that protuberance of soft tissue profile was
significantly reduced 4 degrees currently (H-angle), interincisal angle was increased
20 degrees.

Lew (30) also studied in 32 adult oriental patients who sought treatment for
their bimaxillary protrusion and were treated with the Begg appliances following
removal of four first bicuspids. The result showed that after retraction of upper and
lower incisors, nasolabial angle was increased, the upper and lower lip were
lengthened, lower lip to E-line was reduced, and the upper lip to upper incisor
retraction ratio was 1:2.3 whereas the lower lip to lower incisor retraction was 1:1.4.

In Thais, Tanasrivanitchai and Patanaporn (31) studied the skeletal and soft
tissue profile changes after incisors retraction in 41 adult patients with Class I
malocclusion and revealed that there was no change of point A, but significantly
change of point B. Sudayuworn and Chaiwat P. (32) also evaluated the soft tissue
profile changes following orthodontic tooth movement in 50 adolescent bimaxillary

protrusion patients treated by removing four first bicuspids under the application of
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Edgewise technique. The study revealed that facial appearance had improved by a
reduction in dentofacial protrusion. Both upper and lower lips became retrusion. There
were no significant differences in dentoskeletal and profile changes between sexual
dimorphism except changes in nasal growth, lip thickness covering subspinale and
supramentale points, and lower lip thickness relative to lower incisor. Both studies
found that there were significant correlations between underlying skeletodental change
and soft tissue profile change. Moreover, it was found anatomical interrelationship
between soft tissue of lip plays an important role in soft tissue profile changes.

According to commaonly accepted criteria, bicuspid extraction sometimes may
be a necessity, especially if reduction in protrusion is a treatment goal. However, the
necessary lingual incisor movement that required the amount of space commonly
achieved by extraction. The proclination associated with expansion strategies would
be inappropriate if profile improvement is desired by patients and practitioners.
Orthodontists have also verified that therapeutic extraction of bicuspids is followed by
changes in the soft tissue profile. Unfortunately, the fear of the “dished in profile”
resulted from the extraction of bicuspids, is derived largely from isolated lawsuits and
carefully selected reports of unfavorable results. The allegations that the techniques of
traditional orthodontics regularly “flatten” facial profiles and produces TMD have
significantly alter today’s orthodontic treatment plans. It also came up with the
question that “Does extraction harm facial appearance?”

Drobocky and Smith (33) examined changes in facial profiles in 160 patients
(54 males and 106 females) treated with extraction of four first bicuspids, to evaluate
the esthetic consequence of theses changes and to compare the results among patients
treated with different appliances or techniques and attempted some quantitative
analyses specifically designed to evaluate how often the profile was improved,
unchanged, or made worse. The results were the nasolabial angle had a mean increase
of 5.2° in the total sample. More than 90 % of patients with four first bicuspids
extraction exhibited reduce lip protrusion (the upper and lower lips move back relative
to E line an average of 3.4 and 3.6 mm respectively, and an average of 2.2 and 2.7 mm
to the Sn-Pg line). They concluded that 90 % of the facial profiles were improved by

treatment or at least left unchanged.
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Young and Smith (34) used the same method as Drobocky and Smith (33) to
evaluate profile changes in patients treated without extraction to allowing for a direct
comparison of the changes during non-extraction treatment with the previously
reported results of treatment after extraction of four first bicuspids. The sample was
198 patients (75 males and 123 females) from four orthodontic offices. The study
found that the mean change in the nasolabial angle was closed to zero (0.56°), there
was substantial variability among the patients. The labiomental angle (Li-B-Pg)
exhibited variability than nasolabial angle, with a range of 63° (-29 ° to + 34 °) in the
magnitude of change during treatment. Changes in upper and lower lips protrusion
relative to the E line and Sn-Pg’ indicated an average decrease in lip protrusion of
between 0.5 mm and 2.0 mm. Of the comparison made among treatment groups
(Edgewise, Tweed, Begg) the differences between extraction and non-extraction
treatment were found that nasolabial angle had consistently the average 4° to 6° more
retraction in extraction cases than in non-extraction cases. Extraction cases also tended
to exhibit greater lip retraction. Since the change in lip position was evaluated relative
to both the E- line and Sn-Pg. In addition, the differences between extraction and non-
extraction were more consistently for the lower lip. Finally, the fewest differences
between extraction and non-extraction treatment were found for the measures of soft
tissue lower facial height, Sn-Me., Sn-St, and St-Me. They found that both types of
treatment tended to produce similar facial results. In other words, if based on sound
diagnostic criteria, extraction was not found detrimental to facial esthetics.

Bishara, Cummins, Jakobson and Zaher (11) compared the profile changes in
91 patients with Class Il division 1 malocclusion who were treated with four first
bicuspids extraction (44 subjects) with a group of patients treated with similar
appliances but without any extraction (47 subjects). They found that, during treatment
there was a greater decrease in the facial skeletal convexity (N-A-Pg) and an increase
in chin prominence (Pg-NB) in the extraction groups, as compared with the non-
extraction groups in both male and female subjects. There were no significant
differences of the changes in the inclination of the mandibular plane among various
treatment groups. The soft tissue facial convexity (GI’-Sn-Pg’) decreased more in the
extraction groups during the treatment period. Also the upper (Ls: Pr-Pg’) and lower

lips (Ls: Pr-Pg’) prominence decreased relative to the nose and chin in the extraction
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groups. During the retention period, lip prominence decreased further among the
extraction groups and increased among the non-extraction groups accentuating earlier
trends. When compared with match normative from lowa growth center, the extraction
groups tended to have straighter face and slight upright maxillary and mandibular
incisors whereas the non-extraction groups had the opposite tendencies.

Comparisons of absolute dimensions between groups, the most significant
differences between the extraction and non-extraction groups indicated that the upper
and lower lips were more protrusive when compared to the Esthetics plane among the
extraction groups. It might be concluded that lip protrusion was an important profile
characteristic on which the extraction decision was made.

Paquette, Beattie and Johnston (35) compared long -term effects of extraction
and non-extraction treatments. Based on initial records, a sample of 63 patients was
identified by discriminant analysis as having been equally susceptible to the two
different treatment strategies. In other words, with respect to selection of extraction as
a treatment method, the two groups were “borderline”. These patients were recalled an
average of 14 years after treatment and were asked to examine randomly ordered
tracings of their pre- and post-treatment profiles. The results of the study were that for
the borderline sample of 238 patients with Class Il division 1 malocclusions, the
extraction decision was based on profile convexity and on upper and lower anterior
protrusion and crowding. Non-extraction treatment produced a significantly more
protrusive denture (about 2 mm), both at the end of treatment and at recall over a
decade later. Despite a significantly flatter profile, the extraction patients proved likely
to view their outcomes as an improvement as their non-extraction cohorts. As part of
this investigation, Luppanapornlarp and Johnston (36) compared long -term effects of
extraction and non-extraction treatments in clear-cut Class Il patients by the identical
method as Paquette, Beattie and Johnston (35).The average treatment and post-
treatment changes seen in statistically defined, clear-cut bicuspids extraction and non-
extraction Class Il edgewise patients were similar to those seen in the study of
borderline patients.

Specifically bicuspids extraction group reduced soft and hard tissue convexity
by 2-3 mm, whereas non-extraction therapy had little effect. In general, post-treatment

changes (including an additional convexity reduction) were about the same in both
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groups. When growth was finished, clear-cut non-extraction patients tended to have
flatter profiles than did bicuspids extraction patients who presented with ponderable
crowding and spacing.

Comparable findings were reported by James (37) in an evaluation of the
profiles and facial balances of 108 treated patients who underwent bicuspids extraction
and 62 patients who did not undergo bicuspids extraction. The results found that the
extraction group began treatment with significantly more lip-chin imbalance; the pre-
treatment Z-angle of the extraction group was 66.61° compared with 73.38° for the
non-extraction group, a 6.77° difference. The pre-treatment E-value for the extraction
group was +0.74 mm compared with 2.93 mm for the non-extraction group, a 3.67
mm. difference. At the conclusion of treatment, the facial profiles of the extraction
group and the non-extraction group were within the normal range of Z-angle and E-
values. On average, the non-extraction group completed treatment with a slightly more
retrusive lip profile position than did the extraction group. The average post-treatment
Z-angle for the non-extraction group was 79.01° compared with 73.74° for the
extraction group, a 5.27° difference. The average post-treatment E—value for the non-
extraction group was —4.05 mm compared with —2.58 mm for the extraction group.
Therefore, the non-extraction group finished treatment with the lower lip 1.47 mm
further behind the E- line than did the extraction group. They concluded that, with a
sound diagnostic scheme, treatment plan, and management of extraction space,
extraction of the proper teeth could create balanced facial esthetics, not destroy it.

To minimize the effects of residual growth and possible differences in
response between sexes, Bravo (38) examined the profile changes occurred after
orthodontic treatment with the extraction of four bicuspids in 16 female Class Il
division 1 malocclusion patients. All subjects had experienced their first menstruation
before the start of treatment. The mean age at start was 13 years 6 months.
Measurements used to evaluate changes in profile were the same as that used by
Drobocky and Smith (33). The study found that the upper and lower lips moved back
an average of 3.4 and 3.8 mm to the E line respectively, sulcus superior and sulcus
inferior moved backed an average of 1.6 and 2.3 mm to the E line respectively. The
mean change in the labiomental angle after treatment was almost null (0.1°). The mean

change in the nasolabial angle after treatment showed an increase of 3.7°. There was
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an important individual variability for both angular measurements. The mean upper
and lower lips protrusion relative to the Sn-Pg’ line decreased 0.9 mm. The mean
change of the integument profile of the face relative to the H line after treatment
showed that the lower lip moved back an average of 1.4 mm; the distance from sulcus
superior to the H line decreased an average of 2.4 mm, and the distance from sulcus
inferior to the H-line increases an average of 0.8 mm. When comparing these changes
to acceptable esthetic values for the variables used, they observed that only 12 % of
patients finished treatment with a clearly more flattened facial profile. To avoid
unaesthetic soft tissue profile changes, extraction of bicuspids should not be
performed, if possible, when the pre-treatment cephalometric films showed any of the
following characteristics. Nasolabial angle > 110°, Ls to Sn-Pg’ line < 3 mm, Li to Sn-
Pg’ line <2 mm, Lsto H line < 3 mm, and Li to H line <0 mm.

Bravo, Cannut and Pascual (38) compared the profile response of the hard
and soft tissue of the face in Class Il malocclusions treated by means of extraction of
four bicuspids (where no doubt existed about such a procedure) with the response of
more borderline cases which presented with a similar malocclusion but treated without
extraction. In the latter group reasonable doubt existed as to whether or not to remove
teeth, to solve the occlusal and facial profile aesthetic problems. A study was made of
31 patients presented with Angle Class Il malocclusion and an average overjet greater
than 5.5 mm. None of the patients presented with severe craniofacial anomalies and
were treated with Edgewise appliances. No extraction of teeth was undertaken in 15
patients, whilst 16 underwent extraction of four bicuspids. Only post pubertal female
patients were selected to minimize the effects attributable to residual growth and
exclude possible difference in response between sexes. At the cephalometric
characteristics of hard tissues of the face showed that the main differences between the
two groups before treatment were mostly at a dental level. The incisors of both arches
were more protruded in extracted group, though only the upper incisors exhibited a
significantly greater inclination than in non-extraction group. The lower incisors
showed a small tendency towards greater inclination. In addition, extraction group
presented with a significantly smaller interincisal angle than nonextraction group. The
significant inter-groups hard tissue differences observed at the end of treatments were

limited to a more retruded position of the incisors only detectable by Ricketts’ analysis
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and to a reduced overbite in the patients treated with extractions. In addition, the main
difference at the end of the lower third of facial profile was the more retruded lower
lip the more pronounced lower lip sulcus amongst the patients treated with extraction.
However, in both groups, facial convexity decreased to levels that were more
adequate. Based on the data obtained from Ricketts’ analysis, this decrease of
convexity in non-extracted group might be regarded as more of a consequence of
increased facial depth, resulting from the anterior expression of residual growth of the
lower jaw in the slightly younger group, than of decreases maxillary depth. However,
the patients treated without extraction also showed a tendency toward a diminished
maxillary depth, possibly associated with the slight depression of point A. These
implied in the palatal radicular displacement and secondary to the increased upper
incisors inclination observed in this group. On analyzing the variables corresponding
to the soft tissues of the face, treatment with extraction was found to produce more
important changes in facial profile than amongst the patients in non-extraction group,
despite the existence in both groups of marked individual variability. The only
significant change that observed in the soft tissues of facial profile in non-extraction
group was a retrusion with respect to Ricketts’ E-line. However, a degree of retrusion
was to be expected with increasing age, and unfortunately they were no well-
established norms to characterize its normal behavior. In the absence of such norms, it
is very difficult to distinguish between changes caused by growth and those, which
could be attributed to orthodontic treatment. It should also be noted that this protrusion
of the soft tissue profile with respect to the E line is accompanied by significantly
more anterior position of the mandibular incisors with respect to the A pogonion line,
increasing from an average of 1.1 mm. initially to 2.4 mm. at the end of treatment. As
pointed out previously, the explanation for the proclination observed is almost
certainly related to the need to lessen the lower crowding. Likewise, the reason why a
change of this type coexists with a retrusion of the facial profile is due to the fact that
the anteroposterior position of the lower incisors in distocclusion, such as those
studied, exerts no major influence on the behavior of the soft tissue profile of the face.
In non-extraction group, no significant changes in the position of the upper incisors
with respect to the skeletal reference lines employed were observed. The improved

aesthetic obtained in the facial profile of these patients after treatment must be
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attributed to the increase in facial depth and to growth of the nose, which secondary
helped to improve the labial protrusion. At the opposite extreme and with the
exception of the labiomental angle, the remaining variables were found corresponding
to the soft tissue of the facial profile, all underwent significant changes after treatment
with the extraction of the four bicuspids. These changes in extraction group reflected
the diminished labial protrusion and profiles flattening in accordance with the incisor
retrusion observed in these patients and to a lesser degree were secondary to residual
growth of the lower jaw and nose.

However, the nature of correlation between incisors retraction and lip
adaptation is still controversial. Investigators have been unable to isolate the effects of
treatment on profile changes because of growth of the structures under investigation.
The changes in the profile produced by orthodontic treatment may either enhance or
mask the effects produced by growth. Thus, Hershy (39) removed off the effects of
growth from his studies for accurate determination of the effects of orthodontic
treatment on profile. The results showed that the increase amounts of tooth movement
in incisors retraction tended to produce relatively less prominent lip contour and
increasing magnitude of upper incisors retraction decreased the strength of correlation
between tooth movement and lip response.

Rains and Nanda (40) studied the changes in the integumental profile with
treatment. Sample selection was intended to reduce variables caused by growth and
sex difference. They indicated that there was a complex interaction between dentition,
bony structures and soft tissues of the perioral area. The lower lip was more variable
than the upper. The upper lip at labrale superius was found to be more variable with
increased retraction of upper incisors. Mandibular rotation was found to be one of the

more significant variables used for predicting response of lips with treatment.

Relationship of the Soft Tissue and Underlying Skeletodental Changes

In previous study, it is important to note that most of studies was dealt with
skeletal analysis such as Downs, Steiner (41, 42). It was assumed that the soft tissue
profile configuration was primarily related to the underlying skeletal configuration as
Riedel (43) pointed out that soft tissue profile is closely related to the skeletal and

dental structures.
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In contrary, Subtelny (44) indicated that the correlation between soft and hard
tissue changes is not a strictly linear one. He found that not all parts of the soft tissue
profile directly follow the underlying skeletal structures. Burstone (45) agreed with
Subtelny (44), claimed that soft tissue variation in different person may be in
thickness, length and postural tone. Oliver (46) found that patients with thin lips or a
high lip strain displayed a significant correlation between incisor retraction and lip
retraction, whereas patients with thick lips or low lip strain displayed no such
correlation.

Until now, there is general agreement that orthodontic treatment may
influence the soft tissue profile, but there is still disagreement on the amount of
response of the soft tissue to the changes in the position of the teeth and alveolar
process. These differences, said by some authors, may be attributed to sex, age,
variation in lip morphology, amount of incisors retraction and growth factors.

Burstone (45) demonstrated that, in orthodontic diagnosis and treatment
planning, the soft tissue should be criterion as well as dental and skeletal structures,
for marked variation exists in the soft tissue covering dental and skeletal. Thus,
dentoskeletal pattern may be inadequate in evaluating facial disharmony. Arnett (47)
stated that correction of a malocclusion, based on cephalometric standards would not
necessarily improve facial esthetics and could even lead to a less than desirable
esthetic facial outcome.

Several soft tissue cephalometric lines and angle measurements have been
used to evaluate profile esthetics such as Stiener’s S-line, Rickette’s E-line,
Holdaway’s H-angle, the Z angle of Merifield. Therefore, in cephalometric analysis,
none of the three analyses: skeletal, dental and profile, can stand alone. Integration
with one another is essential and then the conclusions require careful conditioning
by other equally important clinical diagnostic aids, such as study models, intraoral
and panoramic radiographs, photographs, and visual and digital examination of the
patients.

Burstone (45) stated that success in esthetics is closely tried to favorable
changes in the facial soft tissue, more than just the movement of teeth according to
accepted cephalometric criteria.
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Facial profile appearance

Facial appearance, whether described from a social, psychological, or clinical
perspective, is essentially a perceptual phenomenon. Even though there is no objective
measurement for physical attractiveness, individual within a given culture or society
has common standards that allow them to recognize physical attractiveness (48).
Beauty then seems to be more in the mind of the culture than in the eye of the
beholder. Facial appearance, our most distinguishing characteristic, is the most important
determinant of physical beauty. It plays a unique role in all social interaction and in the
establishment of self-image (49, 50). The study of facial esthetics has been, until recently,
primarily the subject of artists and philosophers.

In orthodontics, facial appearance is an essential diagnostic criterion to be
considered in comprehensive treatment planning.

Angle (22) was one of the founders who wrote about facial harmony and the
importance of the soft tissue integument. He used the term balance, harmony, beauty
and ugliness to note that “the study of orthodontia is indissoluble connected with that
of art as related to the human face”. The mouth is a most potent factor in making or
marring the beauty and character of the face. In 1922, Case (23) made facial casts of
facial to show manifestations of malocclusion and the orthodontic improvements
achieved. He stated that, in the correction of all malocclusions, the facial outlines
should be regarded as an important guide in developing a proper treatment planning.
Tweed, in 1944 (51) gave special attention to esthetics. He stated that “a thorough
concept of the normal growth pattern of the child’s face or any face is as important to
orthodontist, if not more so, as complete mastery of the science of occlusion”.

To accomplish harmonious facial esthetics and optimal functional occlusion,
knowledge of the normal craniofacial growth as well as the effects of orthodontic
treatment on soft tissue profile is essential.

When harmony and beauty of the face and facial profile are evaluated, there
are five common denominators:

1. Facial thirds; In Albrecht Durer’s drawing; the proportional face is

divided into many components to facilitate the study of facial art. The
components of facial thirds are 1) hairline to brow line, 2.) brow line to

base of the nose, and 3) base of the nose to the bottom of the chin. If
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any deviation occurs, the upper third may be slightly greater than
middle third and the lower third may be slightly less than the middle
third.

2. Upper lip curl; the upper lip must not be “straight”. It should have a
slightly forward cant with an inward curvature from subnasale to its
vermillion border. Holdaway has quantified the curvature.

3. Lower lip posture; the posture and position of the lower lip should add
supportive balance to the upper lip. From the vermillion border of the
lower lip, an inward curvature should flow into soft tissue B- point
(supramentale) and curve outward into the roundness of the chin. The
lower lip can be even with the upper lip or it can be slightly behind the
upper lip. The face loses balance if the lower lip is in front of the upper
lip.

4. Chin prominence; the chin is a key building block in the structure of
lower facial balance. It can be looked on as the foundation to which the
lips rely on for supporting. The lips will not be in balance if the chin is
too weak or too strong. A nice strong well rounded chin is a marked
characteristic of facial beauty and balance.

5. Profile line relationship; the profile line, as described earlier by
Merrifield, should intersect the base of the nose at the midpoint at the
anterior aspect of the nares. The lip chin balance begins to deteriorate
when the “profile line” lies anterior to the tip of the nose. One can train
the eye to easily see the balance of the lips with the chin and their
relationship to the base of the nose. Visualizing the profile line
relationship is an excellent way of assessing the overall balance of the

lower face.

Many studies of facial esthetics tried to gain an idea about the soft tissue
profile preference in a particular population. Most of them proposed a rather personal
view on profile esthetics; they were questioned concerning their esthetic preference.

Foster and Line (52) limited the profile variables by the construction of

artificial profile lines and discussed the results of up to 350 individual opinions. Both



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Orthodontics) / 21

authors reported significant differences of opinion concerning male profiles as
compared to female profiles. On the other hand, they did not find any significant
difference between the scores of the different groups of persons who participated in
the investigation.

Peck and Peck (53) studied faces of beauty contest winners, professional
models, performing actors and actresses considered to be physically attractive and
determined what physical attributes made them attractive. It was discovered that all
subjects had Class I molar relationship. When the sample means were compared to
those taken from orthodontic samples, it was found that the public preferred a fuller,
more protrusive dentofacial pattern than that set by customary cephalometric standards.

Among the authors who express their interest in soft tissue profile esthetics,
Sassouni (54) stated that few studies had been devoted directly to facial esthetics in a
scientific manner to distinguish which dimensions of the face are responsible primarily
for a pleasant and unpleasant faces. However, he concluded that apparently society
disliked open-bite facial types, either Class Il or Class Ill, but accepted the deep bite
skeletal type easily. Similarly to this investigation, Poulton (55) indicated that large
facial heights were associated more often with displeasing face than antero-posterior
variations or a small lower facial height.

On the other hand, Cox and van der Linden (56) found no differences in
esthetic preference in vertical facial dimensions, but they did find definite
anteroposterior ones; convex profile were in the esthetically less appreciated group.
Studies by Sassouni (54) and by Cox and van der Linden (56) apparently pointed in
different directions, so De Smith and Dermaut’s study (57) was aimed at getting more
information about the relative influence of the principle soft tissue profile characteristics
on profile-preference. In order to obtain more information on this subject, 27 shadow
profile photographs were artificially constructed to represent the main characteristics
of the nine profile types proposed by Sassouni (54) combined with three different
kinds of nose dorsum. Each series of nine profiles was ranked according to the
personal esthetic preference of 249 adults. The results showed no significant
difference between male and female participants in esthetic preference for the sex of
the profile. Also, the difference in orthodontic knowledge had no significant effect on

esthetic preference. Nose dorsum changes induced significant differences only in
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Class Il normal profiles; convex noses were less appreciated. Class | normal was the
most appreciated profile type, followed by Class | deep profile. Opened profile types,
on the contrary, were obviously the least appreciated. This sequence indicated that, in
profile evaluations, vertical profile characteristics could be more important than
anteroposterior features and that a lengthening of the soft tissue profile is not desirable
in most cases.

In studying perceptions of a balanced profile, Czarnecki, Nanda, and Currier
(58) developed a series of black profiles silhouettes which were evaluated by 545
professionals. The silhouettes had varied nose, lips, and chin relationships, as well as
changes in facial angle and angle convexity. The varied facial profiles were graded on
the basis of most preferred to the least preferred. It was found that in males, straighter
profiles were preferred in comparison with a slightly convex profile for females.
Among the various unfavorable combinations, the worse ones were either with an
extremely recessive chin or those with excessive convex faces. More lip protrusion
was found acceptable for both male and female faces when either a large nose or a
large chin was present. From the study, it was suggested that orthodontic treatment
goals should be attuned to the achievement of balanced and harmonious facial features
rather relying only on standard average dental and skeletal parameters.

Several attributes play a significant role in shaping up various concepts of
facial esthetics. It is noteworthy at this point that features such as sex, race, age,
career, and culture are regarded highly by the non-Caucasians. Moreover, ethnicity
also plays a decisive role. A number of investigators noticed the variation of the
craniofacial morphology in different ethnic groups. Knowledge of normal dentofacial
patterns of various ethnic groups is important for clinical and research purposes.

DelLoach (59), Farrow et al. (60) , Polk et al. (61) studied the profile-
preference of Black patients and found that most of them preferred a profile that was
straighter than the norms for Blacks but “fuller” than the norms for Whites.

Park, Bowman, and Klapper (62) studied 80 lateral cephalograms of 18-years-
old Korean adults with acceptable profile and occlusion by means of Downs, Steiner,
Rickettes, and vertical analysis. They found that generally the skeletal pattern of
Koreans was similar to that of Caucasians when compared with the four analyses.
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Facial convexity of Koreans was slightly larger than that of Caucasians.The
upper and lower incisors were also more protrusive and labially inclined which in turn
disclosed a more protruded upper and lower lips.

Mantzikos (63) determined the facial profile preferences of 2651 Japanese
panelists. Five facial profile types were computer-generated by an orthodontist to
represent distinct facial types. Subjects were asked to rank the profiles in descending
order of attractiveness. The result indicated that the profile most preferred by Japanese
population is the orthognathic profile, and they tended to prefer the more retrusive
than protrusive profile.

As indicated in the review, the differences in the dentofacial relationships and
preferences are present between various ethnic and racial groups. Therefore, normative
criteria or judgment for one sample group might not necessarily be valid for the other
ethnic groups. What about cephalometric standard norms for the Thais?

Suchato and Chaiwat (64) had conducted a research on the craniofacial norms
for orthodontic treatment among the Thais who possessed excellent dentofacial
harmonies and normal occlusion. The study revealed that the Thais have a more
protrusive skeletodental structure as compared to the White Americans, Swede and
Norwegians but less protrusive than the American Negroes and similar to the Chinese
and the Hawaiians. The dental pattern is bimaxillary protrusion. The lower incisor is
more proclined than the Caucasians. Soft tissue lip protrusion of the Thais sample is
greater than the Caucasians but less than the Negroes. Nasal tip projection of the Thais
is the shortest as compared to the Blacks and Whites.

Satravaha and Schelgel (65) analyzes soft tissue profiles of 180 Thai female
subjects with age ranging from 16 to 21 years. The majority of samples were of
Chinese origin. Results were compared to the Caucasians’ standards and to the
findings of their previous study on the Japanese population. From this study, the
investigated group showed mainly “prognathic face” with a “shift backward” and the
soft tissue profile showed less convexity than that of the Caucasians.

Tantemsapya and Visetsiri (66) also studied in 30 good-looking Thai women
selected on the basis of having an esthetic face judged by 10 different laymen. The
findings could be summarized that the attractive female Thais had a skeletal pattern

type |, slightly opened vertical configuration, slightly high mandibular angle with a
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more prominent chin. Dental morphology demonstrated a Class | to Superclass | molar
relationship with slightly proclined upper incisors and slightly retroclined lower
incisors. The integumental profile indicated less protrusion of both lips, a straighter or
flatter profile with soft tissue chin positioned slightly forward.

In Thais, the soft tissue profile-preference after orthodontic treatment has
received a little attention; little input is derived from general public. And there is also
some evidences that different types of faces become “fashionable” at one time and
differ at another due to influence of the mass media; television, motion pictures,

magazines, books and newspapers, all provide daily reinforcement for facial stereotype.

Facial Profile Preferences in Treated Class Il division 1 Patients

Kuakit et al. (1) determined the facial profile preferences of various panels
judging treated Class Il division 1 patients, and analyzed soft tissue profile changes for
identifying the significant parameters that led to those changes. Panels of 30
orthodontists, 30 other dentists, 40 young and 40 adult laypersons evaluated randomly
pre- and post-treatment line drawing profiles of 195 patients (96 males and 99
females). Accordingly, all records were divided into 3 skeletal patterns; Class I, mild
Class Il, and marked Class Il. Visual analogue scale was used to determine the
intensity of each judge’s preference. Median scores of each group of panels were
compared by using Friedman 2-way ANOVA to evaluate the differences in the panel’s
attitude toward the facial profile improvement of individual patient. Using the results
of the panels’ perceptions, the patients in each skeletal pattern were then categorized
into 3 subgroups; better profile, little changed profile, and worse profile. Cephalometric
analysis was performed in each subgroup of each skeletal pattern. Paired t-test was
used to determine changes of soft tissue profile variables after treatment within each
subgroup. Independent t-test was also calculated to analyze the differences in the
average tracing profiles between subgroups of each skeletal pattern. The findings were
reported as 1) there were significant differences in the attitudes toward the facial
profile improvement among panels’ groups except for the young and adult laypersons
(p<0.01). Orthodontists tended to be more sensitive in detecting the improvement of
treated profiles than other panels (mean rank=2.92). While other dentists viewed the

improved profiles differently from orthodontists and laypersons (mean rank=1.83)
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2) the results of the panels’ perceptions indicated more than a half of Class Il division
1 patients had their profiles improved after orthodontic treatment (male=57%,
female=58%). Additionally, sometimes profiles were described as ‘little changed’
(male=42%, female=40%). 3) soft tissue responses to orthodontic treatment were most
obviously seen in lip regions. The reduction of upper lip protrusion and elimination of
interlabial gap were probably the primary determinants that made treated profiles look
better. The changes of nasolabial angle, lower lip protrusion, H-angle, and labiomental
depth were the secondary determinants.

In spite of the achievement of an ideal occlusion, sometimes, practitioners
and/or patients were dissatisfied with the effects of orthodontic treatment on facial
esthetics. In some cases they felt that facial harmony had been sacrificed in favor of the
correction of the malocclusion. The purpose of this study was to evaluate effects of
different orthodontic treatment methods on facial profile preference in treated Class Il

division 1 patients.
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CHAPTER IV
MATERIALS AND METHODS

Sample of this Study
Sample of this study (110 patients with 45 males & 65 females) were selected
from 195 records of the previous study (1). Patients were treated by graduated students of
the Department of Orthodontics at Mahidol University under supervisions of several
clinical instructors. Some were treated by orthodontists in the orthodontic clinic of
Mahidol University and private clinics. The selected samples had passed the
growth spurt period for reducing the growth that would be influenced on changed
profile. Chinavesyawong (67) studied the soft tissue profile changes in 660 Thai
children with untreated normal occlusion and acceptable profile who were selected
randomly from students in Bangkok at the age of 8 to 18, and found that the spurt of
soft tissue profile growth in male and female were at 11-14 years old and 10-13 years
old, respectively. Therefore, the age criteria of this study were determined as over 15
years for male and over 14 years for female at the start of treatment. The hand wrist
radiographs were also used if they were available. All samples were diagnosed as
Class 11 division 1 malocclusion. The selective criteria were also as follows:
1) All patients received comprehensive orthodontic treatment using
edgewise appliances.
2) None of the patient had congenital anomalies such as significant
facial asymmetry, cleft lip and palate.
3) No missing teeth or tooth loss that can affect the extraction protocal
decision.
4) Sufficient records were available (included lateral cephalograms taken
before and after treatment).
5) The patients treated with headgear therapy, non-extraction and

asymmetrical extraction were excluded (due to inadequate sample size).
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The selected samples were classified into 2 groups by profile-preference
criteria from the previous results and by the extraction methods criteria derived from the
chart records. The two classifying groups were then divided into subgroups as follows
(Figure 1):

2 groups of profile-preference groups:
1. Better group
2. Nonbetter group
3 groups of extraction methods groups:
1. Extraction of two upper first bicuspids
2. Extraction of two upper first bicuspids and two lower second
bicuspids
3. Extraction of four first bicuspids

Analysis of Profile Changes

The pre-treatment (T1) and post-treatment (T2) lateral cephalometric radiographs
of patients for each subgroup were used to analyze the changes of soft tissue profile
after orthodontic treatment. All cephalometric radiographs were traced by the investigator
and re-evaluated by an experienced orthodontist. The measurements on lateral cephalogram
were performed on 0.003” acatate papers. Reference points were marked with a fine-sharp
(HB,0.35 mm. in diameter) black pencil. Tracings were digitized on Dentofacial Planner
Software version 5.3.2 (Toronto, Canada).

The cephalometric landmarks used on each radiograph were shown in Figure 2.
It consisted of 9 hard tissue and 10 soft tissue landmarks which identifications were based
on the classic definitions presented in Table 1, 2. The linear and angular measurements
were shown in Figure 3-4 and Table 3-6.

Changes in these variables were calculated between T1 and T2. An increase

in a variable was recorded as positive score and a decrease as negative score.
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Magnification of Lateral Cephalometric Radiograph

There were four different X-ray machines used in Faculty of Dentistry,
Mahidol University.

Although, the differences in magnification among the X-ray machines were
controlled by using the same distance from X-ray focus tube to the film and from
midsagittal plane of sample’s head to the film, but some magnification discrepancies
were still found between them. Then magnification of all linear measurements was
corrected by multiplying the correction factors according to each X-ray machine.

The correction factors of three X-ray machines (Asahi, Trophy, and Planmeca)
were calculated from magnification of head positioning apparatus.

The other X-ray machine (Siemens) was out of order for several years, therefore,
its correction factor was calculated from the coefficient proportion between pre- &
post-treatment length of constant anatomical structure, such as the length from Nasion

to Anterior Clinoidalae of the anterior cranial base.

Method Error Study

1)  Reliability of the measurements

Twenty radiographs selected randomly were retraced and re-digitized to
evaluate intra-examiner error in these processes. The duplications were preformed a
minimum of 2 weeks apart. The errors of the method were calculated using Dahlberg’s

formula:
Sx = square root of £D%2n-1
When D is the difference between double measurements and n is the number

of duplicated measurements. Allowable intra-investigator discrepancies were predetermined

at 1 mm. for linear and 2° for angular measurements.
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Statistical Analysis

1)  The Kruskal-Wallis test was used to compare the differences in soft
tissue profile changes among subgroups of patients treated with

different orthodontic treatment methods.

2) The Paired t-test and/or Wilcoxon signed-rank test were used to
identify the soft tissue profile variables that are significantly changed

after treatment in each subgroup of patients.

3) The Independent t-test and/or Mann-Whitney test were used to identify
the changes of soft tissue variables that are significantly different

between 2 profile-preference groups of patients.

4)  The Independent t-test and/or Mann-Whitney test were used to identify
the changes of soft tissue variables that are significantly different

between genders in all subgroups of patients.

All statistical calculations were performed with the SPSS for window version
12.0, Kolmogorov-Smirnov test was used to determine the normal distribution of the
data.
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195 Class Il division 1 patients
(96 males & 99 females)

Excluded 7 cases with| insufficient record

\4

188 Class Il division 1 patients
(89 males & 99 females)

Excluded 10 cases with| non-extraction treatment

\ 4

178 Class Il division 1 patients
(83 males & 95 females)

Excluded 48 cases with| other teeth extraction
and 20 cases with| headgear treatment

A4 \ 4 A 4

(4/-) without HG (4/5) without HG (4/4) without HG
n=33 n=14 n=63

(10 males & 23 females) (9 males & 5 females) (26 males & 37 females)
- Better - Better - Better

(3 males & 12 females) (6 males & 2 females) (18 males & 25females)
- Nonbetter - Nonbetter - Nonbetter

(7 males & 11 females) (3 males & 3 females) (8 males & 12 females)

v

Sample of this study (N = 110: 45 males & 65 females)

Figure 1: Summary of sample selection
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Table 1. Definitions of soft tissue landmarks

Points Definition

Glabella (GI) The most prominent in the midsagittal plane of the

forehead at the level of superior orbital ridges
Pronasale (Pn) The most anterior point of the nose

Subnasale (Sn) The point at which the nasal septum between the
nostrils merges with upper cutaneous lip in the

midsagittal plane

Soft tissue subspinale (A”) The point of greatest concavity in the midline of
the upper lip between subnasale and labrale

superius

Soft tissue supramentale (B’) The point of greatest concavity in the midline of
the lower lip between labrale inferius and soft

tissue pogonion

Labrale superius (Ls) The most anterior point on the margin of the upper

membranous lip

Labrale inferius (Li) The most anterior point on the margin of the lower

membranous lip
Stomion superius (Stms) The lowest point of the upper lip
Stomion inferius (Stmi) The highest point of the lower lip

Soft tissue pogonion (Pg’) The most prominent or anterior point on the soft
tissue chin in the midsagittal plane
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Table 2. Definitions of hard tissue landmarks

Points Definition
Sella (S) Midpoint of bony crypt of sella turcica
Nasion (N) The most anterior point of nasofrontal suture in

midsagittal plane

Subspinale (A) The most concave in anterior contour of maxillary
alveolar process in midsagittal plane between

supradentale and anterior nasal spine

Supramentale (B) The deepest midline point on the mandible between

infradentale and pogonion

Incision superius (is) The anterior point of the edge of upper central
incisor

Incision inferius (ii) The anterior point of the edge of lower central
incisor

Pogonion (Pg) The most anterior point on the symphysis of the
mandible

Porion (Po) The superior margin of the external auditory
meatus

Orbitale (O) The lowest point on the inferior margin of the orbit
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Table 3. Definitions of reference lines and planes

Lines / Planes

Definition

Sella-Nasion line (SN)

The line through sella and nasion

Frankfurt Horizontal plane (FH) The line through porion and orbitale

Frankfurt Perpendicular line (FHP) The line perpendicular to FH through sella

Holdaway line (H)

Esthetic line (E)

The line through soft tissue pogonion and

labrale superius

The line through soft tissue pogonion and

pronasale

Subnasale-soft tissue pogonion line The line through subnasaleand soft tissue

(Sn-Pg’)

NB line

pogonion

The line through nasion and supramentale

Table 4. Definitions of angular

measurements

Measurements

Definition

Facial convexity angle

Facial contour angle

H-angle

Nasolabial angle

Labiomental angle

The angle formed by glabella, pronasale and soft
tissue pogonion

The angle formed by glabella, subnasale and soft
tissue pogonion

The angle formed by the intersection of NB line and

H line

The angle between the line from Sn to Ls and the line
from Sn tangential to the mean of the lower border of
the nose

The angle between the line from Li to B’ and the line

from B’ to Pg’
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Table 5. Definitions of linear measurements

Measurements Definition
Ls to Sn-Pg’ The distance from Ls perpendicular to Sn-Pg’ line
Li to Sn-Pg’ The distance from Li perpendicular to Sn-Pg’ line
Ls to E line The distance from Ls perpendicular to E line
Lito E line The distance from Li perpendicular to E line
Labiomental depth The distance from B’ perpendicular to Li-Pg’ line
Interlabial gap (IL) Vertical distance between Stms and Stmi

Table 6. Linear measurements of various landmarks to the reference line

Points Reference line

Pnto FHP

Sn to FHP

A’ to FHP

Lsto FHP Horizontal distance from these landmarks to the
LI to FHP Frankfurt Perpendicular line (FHP)

B’ to FHP
B’ to FHP

Pg’ to FHP
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Figure 2: Cephalometric landmarks
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Figure 3: Angular measurements
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Figure 4: Linear measurements
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This present study was performed on 110 patients (45 males and 65 females).

The evaluation showed 66 patients with better profile compared to 44 patients with

nonbetter profile. The details of samples were shown in Table 7.

Table 7. Demographic summary of sample groups

. Male Female

Profile- .

refbtencd Extraction

P groups Age Age

groups

No. Average Range = No. Average Range

Better 4/- 3 19-86+4.52 17.17-25.08 12 20.64+2.83 15.67-25.08
4/5 6 19.43+3.09 15.00-23.00 2 25.21+7.25 20.08-30.33
4/4 18 17.43+2.44 15.08-24.33 25 18.41+3.81 14.33-33.42

Nonbetter 4. 7 22.02+3.68 19.00-29.00 11 21.57 +5.89 14.25-30.00
4/5 3 20.00+2.00 18.00-22.00 3 19.47+4.30 16.67-24.42
4/4 8 1857+ 1.71 16.00-20.25 12 20.85+5.47 14.67-31.33

Part I1: Cephalometric Radiographs Analysis

1. Reliability of the Measurements

Pre- and post-treatment lateral cephalomatric radiographs were carefully

traced in each subject. Twenty randomly selected lateral cephalograms were retraced

and re-digitized in a minimum of 2 weeks apart. The errors between the first and the

second measurements were evaluated by Dahlberg’s formula and were shown in Table

8. The errors ranged from 0.119 to 0.566 degrees for angular measurements and 0.086

to 0.410 mm. for linear measurements. There was no error of measurements that
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beyond the allowable values for all measurements. Therefore, this indicated that the
techniques used to obtain the cephalomatric variables measurements were reliable.

2. Sexual Dimorphism

The mean values, the standard deviations of treatment changes of the soft
tissue variables and the results of statistical comparisons between male and female in
all subgroups were presented in Table 9 — 13. The independent t-tests were used to
determine whether a significant difference existed in the changes of soft tissue
variables between genders in the two groups of changed profile and the three groups of
different extraction methods for the hypotheses that the means of the two genders are

the same ( Ho: Mmate = Wemale)-

Extraction of Upper First Bicuspids Groups (Table 9):

There were no statistically significant differences in the soft tissue variables
changed from treatment between male and female, mean differences were ranged from
-1.47 to 2.55 mm. for linear measurements and from -1.06 to 0.54 degrees for angular

measurements.

Extraction of Upper First Bicuspids and Lower Second Bicuspids Groups (Table 10):

After treatment, the lower lip protrusion relative to the SnPg’ plane (Li to
SnPg’) and the lower lip relative to the esthetic line (Li to E) were greater decreased in
male (with mean differences of -2.71 and -2.62 respectively). In addition, Pg’ to FHP
was increased in male (mean changes of 0.68) but decreased in female (mean changes
of -2.03). The changes of these soft tissue variables were significantly different at
p<0.05 level.

Extraction of Four First Bicuspids Groups (Table 11):

There were statistically significant differences between male and female in
the changes of ANB (means difference of -2.07) with treatment at p<0.05 level. ANB
was decreased in male (mean changes of -0.13), while increasing of this variable was
found in female (mean changes of 0.33). However, within each gender group, there

was no significantly different change of this variable after treatment (Table 16 & 20).
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The Better Profile Groups (Table 12):

After treatment, the facial contour angle (GISnPg’) were significant more
straighter in male (with means changes of 1.60 and 0.56 in male and female
respectively) and the nasolabial angle became more obtuse in female (mean changes of
10.73) than male (mean changes of 6.07) at p<0.05 level.

Same as the extraction of four first bicuspids groups, ANB was decreased in
male (mean changes of -0.04), and increased in female (mean changes of 0.46) with
mean differences of -2.23 at p<0.05 level. However, within each gender group, there

was no significantly different change of this variable after treatment (Table 22 & 25).

The Nonbetter Profile Groups (Table 13):
In this group, only one soft tissue variable that significantly different between
male and female was a nasolabial angle that became more obtuse in male (with mean

changes of 6.38) than in female (mean changes of 1.59) at p<0.05 level.

3. Comparison of Treatment Changes between pre- and Post-Treatment
Variables in each Subgroup of Patients (Extraction Groups and Profile-
Preference groups)

The means, the standard deviations and the significant differences of the soft
tissue changes were presented separately by sexual dimorphism in Table 14 -16 ,18-20
, 22-23, and 25-26. The Paired t-test and Wilcoxon Signed Ranks test (WSR; a non-
parametric test analogous to the Paired t-test) were used to determine whether a
significant difference existed between pre- and post-treatment variables for the

hypotheses that the means of the two groups are the same (Ho: Lpre = Hpost).

Extraction of Upper First Bicuspids Group of Male (Table 14):

From Table 14, the soft tissue variables that changed significantly at p<0.05
level were 1) the nasolabial angle increased 5.53 from a pre-treatment of 95.32 to a
post-treatment of 104.91. 2) the labiomental angle increased 8.55 with treatment 3) the
overjet reduced from a pre-treatment of 6.80 to a post-treatment of 2.77. at p<0.05
level. Even though changes of other variables were no statistically significant differences,
but most of changes tended to be more acceptable as seen in reduction of various soft

tissue thickness (ranged from -2.03 to -0.05) and facial contour angle that became
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more straighter (increased 0.19 from a pre-treatment of 162.74 to a post-treatment of
162.91).

Extraction of Upper First Bicuspids and Lower Second Bicuspids Group of Male
(Table 15):

The results indicated the significant difference between pre- and post-
treatment only in the reduction of the overjet (decreased 3.78 from a pre-treatment of
6.89 to a post-treatment of 2.29) at p<0.01 level. When compared to the (4/-) group,
changes of most soft tissue variables (Pn, Sn, A’, B’, Ls, Li) were similar in direction
(reduction of thickness or move posteriorly) with more magnitude, ranged from -2.28
to -0.06, except the labiomental angle that became more acute (mean differences of
1.70) and soft tissue pogonion that was more forward position (mean differences of

0.68) in this group.

Extraction of Four First Bicuspids Group of Male (Table 16):

Statistically significant soft tissue treatment effects were shown in the facial
contour angle (GISnPg’), which increased from a pre-treatment of 162.60 to a post-
treatment of 167.06. H-angle, decreased from a pre-treatment of 18.06 to a post-
treatment of 12.66. Relative to the SnPg’ line, labrale superius decreased from a pre-
treatment of 8.45 to a post-treatment of 5.53 , whereas labrale inferius decreased from
a pre-treatment of 7.30 to a post-treatment of 4.16. In addition, relative to the esthetic
line, labrale superius decreased from a pre-treatment of 2.12 to a post-treatment of -
1.17, whereas labrale inferius decreased from a pre-treatment of 4.56 to a post-
treatment of 0.90. Interlabial gap decreased from a pre-treatment of 2.19 to a post-
treatment of 0.14. Soft tissue thickness at point Pn, Sn, A’, B’, Ls, Li were reduced,
ranged from 0.46 to 3.31 mm. On the other hand, changes of hard tissue were found in
the Wits’ appraisal, and the overjet with mean differences of 0.59 and -2.44 respectively.
All of these changes were significantly different at p<0.01 level except the Wits’

appraisal, which was significantly different at p<0.05 level.
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Extraction of Upper First Bicuspids Group of Female (Table 18):

From Table 18, the soft tissue variables that changed significantly at p<0.05
level were 1) the labiomental angle increased 7.92 with treatment, 2) relative to the
esthetic line, labrale superius decreased from a pre-treatment of 0.80 to a post-
treatment of -0.68, 3) soft tissue thickness at point A’ increased from a pre-treatment
of 79.37 to a post-treatment of 82.18. The variables that changed significantly at
p<0.01 level were 1) the interlabial gap reduced from a pre-treatment of 2.06 to a post-
treatment of 0.38, 2) soft tissue thickness at point Pn, and Sn decreased 0.32 and 1.02
mm. respectively with treatment, 3) similar to male,the overjet reduced from a pre-

treatment of 6.42 to a post-treatment of 3.31.

Extraction of Upper First Bicuspids and Lower Second Bicuspids Group of Female
(Table 19):

The results indicated the significant differences between pre- and post-
treatment in the reduction of the upper lip protrusion relative to both of the SnPg’ line
and the esthetic line (decreased 1.10 mm. for both of variables with treatment). Other
changes were observed in ANB, which increased 0.88 degrees, and the overjet which
decreased 3.68 mm. with treatment. All variables described above were significantly

changed at p<0.05 level.

Extraction of Four First Bicuspids Group of Male (Table 20):

Statistically significant soft tissue treatment effects were shown in the
nasolabial angle, which increased from a pre-treatment of 92.16 to a post-treatment of
101.72. Relative to both of the SnPg’ line and the esthetic line, labrale superius
decreased 1.60 and 1.86 with treatment respectively, whereas labrale inferius
decreased in more magnitude as 2.42 and 2.77 with treatment respectively. In addition,
soft tissue thickness at point Pn, and Sn were reduced 0.54 mm. for the former and
1.24 mm. for the latter. On the other hand, changes of hard tissue were found in the
Wits’” appraisal and the overjet with mean differences of 0.36 and -2.61 respectively.
All of these changes were significantly different at p<0.01 level except the nasolabial

angle, and Sn to FHP which were significantly different at p<0.05 level.
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The Better Profile Group of Male (Table 22):

In this profile-preference group of male, statistically significant soft tissue
treatment effects were shown in the facial contour angle ( GISnPg’), which increased
from a pre-treatment of 161.97 to a post-treatment of 165.90 and H-angle which
decreased from a pre-treatment of 18.12 to a post-treatment of 12.95. Relative to both
of the SnPg’ line and the esthetic line, labrale superius decreased 1.97 and 2.25 with
treatment respectively, whereas labrale inferius decreased in more magnitude as 2.36
and 2.79 with treatment respectively. Labiomental depth (B’ to LiPg’) and interlabial
gap also improved with treatment as decreased 0.50 mm. and 1.99 mm. respectively.
In addition, soft tissue thickness at point Pn, Sn, A’, Ls, Li, and B’ were reduced,
ranged from 0.42 to 3.17 mm. On the other hand, changes of hard tissue was found in
the overjet with mean differences of -3.49. All of these changes were significantly
different at p<0.01 level.

The Nonbetter Profile Group of Male (Table 23):

In this group, only one soft tissue variable that significantly different with
treatment was the overjet which decreased from a pre-treatment of 5.59 to a post-
treatment of 2.41 at p<0.01 level.

The Better Profile Group of Female (Table 25):

In this profile-preference group of female, statistically significant soft tissue
treatment effects were shown in the H-angle, which decreased from a pre-treatment of
15.32 to a post-treatment of 13.13. The nasolabial angle, which increased from a pre-
treatment of 90.52 to a post-treatment of 101.05. The labiomental angle, which
increased from a pre-treatment of 117.06 to a post-treatment of 124.71. Relative to
both of the SnPg’ line and the esthetic line, labrale superius decreased 1.75 and 1.83
with treatment respectively, whereas labrale inferius decreased in more magnitude as
2.02 and 2.40 with treatment respectively. Interlabial gap decreased from a pre-
treatment of 1.99 to a post-treatment of 0.43. In addition, soft tissue thickness at point
Pn, and Sn were reduced 0.39 and 0.99 mm., respectively. On the other hand, changes
of hard tissue were found in the Wits’ appraisal and the overjet with mean differences

of 0.50 and -3.23, respectively. All of these changes were significantly different at
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p<0.01 level except the Wits’ appraisal, H-angle, labiomental angle, Pn to FHP, and
Sn to FHP which were significantly different at p<0.05 level.

The Nonbetter Profile Group of Female (Table 26):
In this group, only one soft tissue variable that significantly different with
treatment was overjet that was decreased from a pre-treatment of 5.86 to a post-

treatment of 2.84 at p<0.01 level.

4. Comparison of Treatment Changes between Better Profile Group and
Nonbetter Profile Group

The means, the standard deviations and the significant differences of the soft
tissue changes were presented separately by sexual dimorphism in Table 24 and 27.
The Independent t-tests were used to determine whether a significant difference

existed between the changes of soft tissue variables of the two groups.

Between Better Profile and Nonbetter Profile Group of Male (Table 24):

The results indicated the statistical differences between treatment changes of
soft tissue variables between better profile group and nonbetter profile group. The
variables in male that significantly different at p<0.01,were the labiomental angle
which increased 8.40 in better profile group and decreased 2.64 in nonbetter profile
group, and the interlabial gap which decreased 1.99 in better profile group and
increased 0.81 in nonbetter profile group. The variables that significantly different at
p<0.05 were the upper lip to SNPg’ which decreased 1.97 in better profile group and
decreased 1.26 in nonbetter profile group, the labiomental depth decreased 0.50 in
better profile group and increased 0.01 in nonbetter profile group, and the upper lip to
FHP decreased 3.17 in better profile group and decreased 2.17 in nonbetter profile

group.

Between Better Profile and Nonbetter Profile Group of Female (Table 27):

The results indicated the statistical difference between treatment changes of
soft tissue variables between better profile group and nonbetter profile group. The
variables in male that significantly different at p<0.01 level, were the H-angle which

decreased 2.56 in better profile group and 1.88 in nonbetter profile group,the
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nasolabial angle which increased 10.13 in better profile group and 1.59 in nonbetter
profile group, and the labiomental angle which increased 9.59 in better profile group
and 0.60 in nonbetter profile group. The variables significantly different at p<0.05
level were the lower lip to both of SNPg’ line and the esthetic line which decreased
2.02 and 2.40 in better profile group and decreased 1.29 and 1.47 in nonbetter profile
group, respectively, and the labiomental depth decreased 0.53 in better profile group
and increased 0.04 in nonbetter profile group.

5. Comparison of the Differences in Soft Tissue Profile Changes among
Subgroups of Patients Treated with Different Orthodontic Extraction Methods.

The means, the standard deviations and the mean differences of the soft tissue
variables between subgroups of patients treated with different orthodontic extraction
methods were presented separately by sexual dimorphism in Table 17 and 21. The
Kruskal Wallis test were used to determine the changes of soft tissue variables that are
significantly different among subgroup of patients treated with different orthodontic
treatment methods. Then multiple comparisons were performed to identify which soft

tissue variables are significantly different changed among subgroups.

Multiple Comparisons Summary for Soft Tissue Profile Changes among
Extraction Groups in Male (Table 17):

The results indicated the main differences were found between the (4/4)
extraction and the (4/-) extraction groups, significant differences at p<0.05 were found
in the facial contour angle, upper lip to the esthetic line, and interlabial gap, whereas
lower lip to SnPg’ line, lower lip to the esthetic line, and the overjet were significantly
different at p<0.01 level. In addition, lower lip to the esthetic line was also significantly
different between the (4/-) and the (4/5) extraction groups at p<0.05 level.

Multiple Comparisons Summary for Soft Tissue Profile Changes among
Extraction Groups in Female (Table 21) :

The results indicated the main differences were found between the (4/4)
extraction and the (4/-) extraction groups, significant differences were found in the
facial contour angle, upper and lower lips to both of SnPg’ line and the esthetic line,
interlabial gap, and the overjet.
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The changes of variables that significantly different between the (4/-) and the
(4/5) extraction groups were found in the facial contour angle, lower lip to both of
SnPg’ line and the esthetic line. Only one variable that significantly different between
the (4/4) and (4/5) extraction groups was the labiomental depth. All changes were
significantly different at p<0.05 level.

6. Comparison of the Differences in Soft Tissue Profile Changes among
Subgroups of Patients Treated with Different Orthodontic Extraction Methods in
Better Profile Groups.

The means, the standard deviations and the mean differences of the soft tissue
variables between subgroups of patients treated with different orthodontic extraction
methods when focused only in better profile groups were presented separately by
sexual dimorphism in Table 28 and 29. The Kruskal Wallis test were used to
determine the changes of soft tissue variables that are significantly different among
subgroups of patients treated with different orthodontic extraction methods. Then
multiple comparisons were performed to identify which soft tissue variables are

significantly different changed among subgroups.

Multiple Comparisons Summary for Soft Tissue Profile Changes among
Extraction Groups in Better Profile Group of Male (Table 28):

When focused on better profile group, some treatment effects on soft tissue profile
were different from the results from both profile-preference groups. There were statistically
significant differences between effects of the (4/-) and the (4/5) extraction groups in the
facial convexity angle, labiomental angle, and labiomental depth. The variable that different
between the (4/5) extraction group to other groups was the labiomental depth. The upper lip
to SnPg’ line was significantly different between the (4/4) extraction group to other groups.

All changes were significant different at p<0.05 level.

Multiple Comparisons Summary for Soft Tissue Profile Changes among
Extraction Groups in Better Profile Group of Female (Table 29):

When focused on better profile group, There were statistically significant
differences between effects of the (4/-) and the (4/4) extraction groups in lower lip to
SnPg’ line, interlabial gap and the overjet at p<0.05 level.
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Table 8. The errors of the measurements (N=20)

1st 2nd Difference Dahlberg’s
Variables
Mean SD Mean SD Mean SD SD.

GIPnPg’ 142.66 5.18 142.29 5.06 0.73 0.32 0.564
GISnPg’ 165.67 5.53 165.57 5.57 0.46 0.38 0.420
H-angle 14.92 3.93 14.94 4.07 0.23 0.30 0.267
NL-angle 93.97 14.97 94.01 14.88 0.65 0.47 0.566
LM-angle 120.89 15.64 120.95 16.01 0.68 0.35 0.546
Ls to SnPg’ 7.08 2.52 6.90 2.54 0.38 0.26 0.324
Li to SnPg’ 5.71 3.36 5.61 3.36 0.29 0.20 0.245
LstoE 0.66 2.46 0.52 251 0.31 0.22 0.268
LitoE 2.85 3.30 2.71 3.20 0.31 0.23 0.270
B’ to LiPg’ 4.87 0.99 4.85 1.15 0.29 0.19 0.243
ILG 231 2.95 2.33 2.90 0.12 0.14 0.132
Pn to FHP 91.40 5.53 91.03 5.58 0.48 0.25 0.382
Sn to FHP 79.23 5.58 78.94 5.63 0.42 0.29 0.361
A’ to FHP 80.58 6.02 80.20 6.14 0.51 0.28 0.410
Ls to FHP 84.52 6.74 84.20 6.67 0.51 0.25 0.405
Lito FHP 79.56 6.72 9. 20 6.56 0.50 0.28 0.409
B’ to FHP 72.02 6.71 71.62 6.55 0.52 0.23 0.402
Pg’ to FHP 70.85 8.95 70.49 8.96 0.48 0.20 0.371
ANB 5.15 1.84 5.09 1.81 0.13 0.11 0.119
AFBF 7.37 3.88 7.42 3.74 0.24 0.20 0.220
AOBO 0.31 244 0.31 2.35 0.21 0.20 0.204

(ON 4.34 2.64 4.29 2.58 0.11 0.06 0.086
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Table. 9. Treatment changes in male and female mean values and standard deviations
of measurements for the extraction of upper 4 group and results of statistical
comparisons.

Extraction of upper 4

Variables Treatment changes ( male) Treatment changes ( female) P-value
Mean SD Mean SD Indep. t-test MWU
GIPnPg’ -0.66 1.53 -1.02 1.84 0.54 0.591 0.456
GISnPg’ 0.19 1.15 -0.10 2.52 0.35 0.727 0.754
H-angle -2.14 1.86 -1.61 1.92 -0.73 0.470 0.556
NL-angle 5.53 6.49 7.28 9.36 -0.54 0.595 0.652
LM-angle 8.55 14.11 7.92 10.89 0.14 0.890 0.583
Ls to SnPg’ -0.66 0.65 -1.28 1.08 0.24 0.813 0.531
Li to SnPg’ 0.19 1.65 -0.74 1.75 -0.43 0.667 0.624
LstoE -1.49 0.97 -1.29 1.18 -0.45 0.653 0.784
LitoE -1.24 2.03 -0.97 1.9l -0.36 0.719 0.570
B’ to LiPg’ -0.33 0.84 -0.38 0.72 0.17 0.869 0.739
ILG -0.03 1.70 -1.85 2.27 2.55 0.030 0.096
Pn to FHP -0.05 0.88 -0.32 1.25 0.61 0.548 0.422
Sn to FHP -0.62 0.90 -1.02 1.32 0.88 0.384 0.481
A’ to FHP -1.43 0.96 -1.99 1.35 1.20 0.240 0.232
Ls to FHP -2.03 1.28 -2.70 1.72 1.10 0.281 0.183
Li to FHP -1.75 2.29 -2.16 2.34 0.46 0.650 0.583
B’ to FHP -1.97 2.55 -2.08 1.93 0.14 0.888 0.969
Pg’ to FHP -1.04 2.33 -1.61 2.27 0.66 0.514 0.544
ANB 0.29 1.14 0.76 1.17 -1.06 0.297 0.444
AFBF 0.69 1.56 1.61 1.68 -1.47 0.153 0.357
AOBO 0.64 2.23 0.62 3.02 0.01 0.988 0.829
oJ -4.32 2.64 -4.19 1.67 -0.18 0.861 0.906

MWU, Mann-Whitney test
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Table 10. Treatment changes in male and female mean values and standard deviations
of measurements for the extraction of upper 4 lower 5 group and results of statistical
comparisons.

Extraction of upper 4 lower 5

Variables Treatment changes (male) Treatment changes (female) P-value
Mean SD Mean SD ! Indep. t-test MWU
GIPnPg’ 0.70 1.57 0.26 1.65 0.50 0.630 0.549
GlSnPg’ 2.19 2.07 0.30 0.85 1.93 0.078 0.039
H-angle -3.18 1.96 -1.64 2.22 -1.35 0.203 0.125
NL-angle 2.46 6.93 2.96 6.35 -0.13 0.896 0.947
LM-angle -1.70 12.33 4.58 521 -1.07 0.305 0.053
Ls to SnPg’ -1.28 0.91 -1.10 1.13 -0.32 0.756 0.593
Li to SnPg’ -3.09 1.45 -1.10 0.99 -2.71 *0.019 0.053
LstoE -1.84 1.26 -1.12 1.20 -1.05 0.316 0.317
LitoE -3.45 1.55 -1.38 1.11 -2.62 0.022  *0.039
B’ to LiPg’ 0.16 0.56 -0.08 0.66 0.72 0.483 0.350
ILG -0.13 1.82 -0.24 0.29 0.12 0.903 0.633
Pn to FHP -0.06 1.39 -0.57 1.20 0.68 0.511 0.641
Sn to FHP -0.82 1.66 -1.17 1.30 0.40 0.695 0.640
A’ to FHP -1.75 1.75 -2.18 1.65 0.44 0.667 0.739
Ls to FHP -2.02 2.23 -2.79 2.09 0.63 0.540 0.549
Lito FHP -3.06 1.21 -2.67 191 -0.48 0.642 0.841
B’ to FHP -2.28 1.16 -2.67 2.72 0.38 0.708 0.841
Pg’ to FHP 0.68 1.72 -2.03 2.38 2.47 *0.029 0.045
ANB 0.29 0.88 0.88 0.68 -1.30 0.219 0.229
AFBF 0.66 1.05 1.49 1.03 -1.42 0.182 0.162
AOBO 0.51 2.85 0.61 1.32 -0.07 0.942 0.641
0J -3.78 1.53 -3.68 1.56 -0.12 0.904 0.841

MWU, Mann-Whitney test
*  Significant difference at p-value<0.05
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Table 11. Treatment changes in male and female mean values and standard deviations
of measurements for the extraction of four first bicuspids group and results of

statistical comparisons.

Extraction of four first bicuspids

Variables Treatment changes (male) Treatment changes (female) P-value
Mean SD Mean SD . Indep. t-test MWU
GIPnPg’ 0.49 1.68 -0.34 1.79 1.84 0.070 0.080
GISnPg’ 1.70 1.77 0.95 1.41 1.86 0.067 0.081
H-angle -3.19 2.01 -2.79 1.69 -0.84 0.403 0.402
NL-angle 7.74 7.70 6.87 7.80 0.44 0.663 0.548
LM-angle 4.19 12.00 4.99 11.17 -0.27 0.788 0.906
Ls to SnPg’ -2.02 1.11 -1.60 0.87 -1.69 0.096 0.141
Li to SnPg’ -2.44 1.59 -2.42 1.35 -0.05 0.961 0.928
Lsto E -2.29 1.26 -1.86 0.91 -1.60 0.114 0.150
Lito E* -2.81 1.42 -2.77 1.33 -0.10 0.918 0.802
B’ to LiPg’ -0.44 0.72 -0.29 0.98 -0.67 0.503 0.383
ILG -1.45 3.03 -0.79 2.42 -0.96 0.339 0.132
Pn to FHP -0.46 1.74 -0.54 1.00 0.24 0.813 0.390
Sn to FHP -1.12 1.69 -1.24 1.10 0.34 0.732 0.434
A’ to FHP -2.61 1.80 -2.25 1.40 -0.91 0.369 0.335
Ls to FHP -3.31 1.99 -2.90 1.32 -0.97 0.336 0.418
Li to FHP -2.90 2.35 -3.27 1.53 0.77 0.446 0.311
B’ to FHP -1.70 2.23 -2.68 1.92 1.88 0.065 0.051
Pg’ to FHP -0.32 3.13 -0.93 1.78 0.89 0.381 0.379
ANB -0.13 0.77 0.33 0.91 -2.07 *0.043 0.023
AFBF 0.36 1.23 0.66 1.17 -0.99 0.328 0.308
AOBO 0.59 2.84 0.36 2.24 0.36 0.723 0.357
0J -2.44 1.92 -2.61 1.53 0.40 0.694 0.586

MWU, Mann-Whitney test
*  Significant difference at p-value<0.05
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Table 12. Treatment changes in male and female mean values and standard deviations
of measurements for better profile group and results of statistical comparisons.

Better profile group

Variables Treatment change ( Male) Treatment change ( Female) P-value
Mean SD Mean SD t Indep. t-test MWU
GIPnPg’ 0.44 1.77 -0.39 1.99 1.74 0.087 0.078
GISnPg’ 1.60 2.06 0.56 2.01 2.05 *0.044 0.071
H-angle -3.33 2.20 -2.56 1.61 -1.63 0.108 0.102
NL-angle 6.07 8.18 10.13 6.91 -2.18 *0.033 0.088
LM-angle 8.40 12.19 9'69 9.82 -0.44 0.661 0.759
Ls to SnPg’ -1.97 1.14 -1.75 0.83 -0.91 0.368 0.493
Li to SnPg’ -2.36 1.58 -2.02 151 -0.90 0.373 0.498
Lsto E -2.25 1.40 -1.83 0.86 -1.38 0.176 0.194
LitoE -2.78 1.49 -2.40 1.53 -1.01 0.315 0.368
B’ to LiPg’ -0.50 0.77 -0.53 0.84 0.15 0.881 0.814
ILG -1.99 2.47 -1.81 2.70 -0.28 0.780 0.418
Pn to FHP -0.42 1.81 -0.39 1.05 -0.09 0.929 0.794
Sn to FHP -1.02 1.80 -0.99 1.10 -0.09 0.927 0.901
A’ to FHP -2.46 1.95 -2.09 1.24 -0.87 0.391 0.415
Ls to FHP -3.17 2.29 -2.99 1.42 -0.38 0.702 0.625
Li to FHP -2.67 2.28 -2.84 1.53 0.35 0.725 0.672
B’ to FHP -1.82 2.14 -2.25 1.81 0.89 0.379 0.469
Pg’ to FHP -0.27 2.89 -1.07 2.00 1.33 0.189 0.331
ANB -0.04 0.75 0.46 1.00 -2.23 *0.030 0.033
AFBF 0.43 1.16 0.86 1.32 -1.37 0.176 0.248
AOBO 0.17 2.96 0.50 2.73 -0.47 0.643 0.979
0J -3.49 1.88 -3.23 1.67 -0.59 0.554 0.514

MWU, Mann-Whitney test
*  Significant difference at p-value<0.05
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Table 13. Treatment changes in male and female mean values and standard deviations
of measurements for nonbetter profile group and results of statistical comparisons.

Nonbetter profile group

Variables Treatment changes (male) Treatment changes (female) P-value
Mean SD Mean SD t Indep. t-test MWU
GIPnPg’ 0.03 1.53 -0.75 1.53 1.66 0.104 0.073
GISnPg’ 1.26 1.44 0.48 1.76 1.54 0.130 0.155
H-angle -2.39 1.47 -1.88 2.19 -0.87 0.387 0.575
NL-angle 6.38 6.41 1.59 7.49 2.21 *0.033 0.056
LM-angle -2.64 10.66 0.60 9.83 -1.04 0.305 0.403
Ls to SnPg’ -1.26 0.70 -0.99 1.00 -0.98 0.332 0.371
Li to SnPg’ -2.09 1.89 -1.29 1.83 -1.42 0.164 0.133
LstoE -1.69 0.82 -1.26 1.24 -1.30 0.201 0.219
LitoE -2.29 2.07 -1.47 1.95 -1.34 0.186 0.127
B’ to LiPg’ 0.01 0.60 0.04 0.81 -0.11 0.910 0.811
ILG 0.81 1.86 -0.09 0.91 1.92 0.068 0.093
Pn to FHP -0.10 0.90 -0.58 1.17 1.48 0.147 0.174
Sn to FHP -0.84 1.03 -1.41 1.29 1.58 0.122 0.068
A’ to FHP -1.75 1.14 -2.24 1.59 1.12 0.269 0.267
Ls to FHP -2.17 1.19 -2.57 1.63 0.89 0.376 0.159
Li to FHP -2.68 2.07 -2.82 2.43 0.20 0.845 0.459
B’ to FHP -1.96 2.12 -2.80 2.19 1.27 0.211 0.145
Pg’ to FHP -0.30 2.59 -1.53 2.06 1.76 0.086 0.100
ANB 0.19 1.07 0.61 1.03 -1.31 0.196 0.214
AFBF 0.60 1.42 1.36 1.53 -1.68 0.101 0.177
AOBO 1.21 2.06 0.43 2.05 1.23 0.227 0.214
0J -2.57 2.46 -3.28 1.84 1.09 0.283 0.100

MWU, Mann-Whitney test

*  Significant difference at p-value<0.05
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Table 14. Pre-treatment and post-treatment mean values and standard deviations of
measurements for the extraction of upper 4 group of male and results of statistical
comparisons.

Extraction of upper 4

Variables Pre-treatment Post-treatment Difference P-value
Mean SD Mean SD Mean SD WSR

GIPnPg’ 139.24 4.30 140.62 4.55 -0.66 1.53 0.445
GlSnPg’ 162.74 6.00 162.91 6.97 0.19 1.15 0.799
H-angle 15.89 4.44 14.58 4.37 -2.14 1.86 0.575
NL-angle 95.32 8.00 104.91 6.66 5.53 6.49 *0.037
LM-angle 102.59 20.63 120.54 18.65 8.55 1411 *0.037
Ls to SnPg’ 6.74 1.19 5.97 1.21 -1.20 0.65 0.139
Li to SnPg’ 4.18 2.96 4.55 1.45 -1.03 1.65 0.721
LstoE 0.12 2.57 -0.21 2.34 -1.49 0.97 0.508
LitoE 185 3.16 1.52 2.07 -1.24 2.03 0.878
B’ to LiPg’ 5.81 0.98 5.52 0.76 -0.33 0.84 0.575
ILG 0.67 1.31 0.35 0.75 -0.03 1.70 0.397
Pn to FHP 95.43 4.59 94.94 4.34 -0.05 0.88 0.799
Sn to FHP 82.16 4.66 82.36 531 -0.62 0.90 0.959
A’ to FHP 82.53 4.44 82.53 5.78 -1.43 0.96 0.878
Ls to FHP 86.24 4.59 85.71 5.95 -2.03 1.28 0.799
Lito FHP 78.65 5.68 79.64 6.40 -1.75 2.29 0.878
B’ to FHP 71.59 5.19 71.50 6.17 -1.97 2.55 0.878
Pg’ to FHP 70.76 6.98 70.76 8.38 -1.04 2.33 0.959
ANB 592 2.53 6.51 2.04 0.29 1.14 0.414
AFBF 9.70 4.07 10.30 4.13 0.69 1.56 0.646
AOBO 3.62 3.36 1.52 3.15 0.64 2.23 0.092
0J 6.80 2.54 2.77 0.69 -4.32 2.64 *0.013

WSR, Wilcoxon signed-rank test
*  Significant difference at p-value<0.05
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Table 15. Pre-treatment and post-treatment mean values and standard deviations of
measurements for the extraction of upper 4 lower 5 group of male and results of
statistical comparisons.

Extraction of upper 4 lower 5

Variables Pre-treatment Post-treatment Difference P-value
Mean SD Mean SD Mean SD WSR
GIPnPg’ 140.71 5.594 140.72 4.34 0.70 1.57 0.859
GISnPg’ 161.89 6.470 162.20 5.61 2.19 2.07 0.722
H-angle 17.69 3.739 15.40 5.88 -3.18 1.96 0.374
NL-angle 99.72 8.472 103.79 18.21 2.46 6.93 0.594
LM-angle 125.30 23.813 128.27 18.49 £1.70 12.33 0.953
Ls to SnPg’ 7.35 1.535 6.48 4.20 -1.28 0.91 0.678
Li to SnPg’ 7.64 2.736 5.72 3.61 -3.09 1.45 0.374
LstoE 1.25 1.792 0.32 3.48 -1.84 1.26 0.594
LitoE 4.55 2.726 2.77 3.59 -3.45 1.55 0.374
B’ to LiPg’ 511 0.952 4.62 1.44 0.16 0.56 0.678
ILG 0.90 1.723 0.46 1.33 -0.13 1.82 0.400
Pn to FHP 95.42 4.319 93.70 5.50 -0.06 1.39 0.594
Sn to FHP 83.15 4.834 81.31 3.78 -0.82 1.66 0.441
A’ to FHP 84.26 5.771 81.76 3.87 -1.75 1.75 0.214
Ls to FHP 87.97 6.223 85.19 451 -2.02 2.23 0.214
Li to FHP 83.46 5432 79.76 3.75 -3.06 1.21 0.139
B’ to FHP 74.90 5.970 72.00 3.23 -2.28 1.16 0.314
Pg’ to FHP 71.13 7.777 70.00 5.62 0.68 1.72 0.859
ANB 5.87 2.251 6.63 1.72 0.29 0.88 0.374
AFBF 8.65 3.113 9.87 3.05 0.66 1.05 0.374
AOBO 0.27 2.658 2.52 3.21 0.51 2.85 0.139
oJ 6.89 1.870 2.29 0.69 -3.78 153 **0.008

WSR, Wilcoxon signed-rank test
** Significant difference at p-value<0.01
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Table 16. Pre-treatment and post-treatment mean values and standard deviations of
measurements for the extraction of four first bicuspids group of male and results of
statistical comparisons.

Extraction of Four first bicuspids

Variables Pre-treatment Post-treatment Difference P-value
Mean SD Mean SD Mean SD Paired t-test WSR
GIPnPg’ 141.10 406 14328 450 0.49 1.68 0.074 0.075
GlSnPg’ 162.60 486  167.06  4.75 1.70 1.77 **0.001 0.003
H-angle 18.06 3.60 12.66 3.60 -3.19 2.01 **0.000 0.000
NL-angle 9291 10.59 97.08 11.07 7.74 7.70 0.120 0.204
LM-angle 12282 17.03 126.36 11.89 4.19 12.00 0.424 0.292
Ls to SnPg’ 8.45 1.55 5.53 1.32 -2.02 1.11 0.000 **0.000
Li to SnPg’ 730 283 4.16 1.73 -2.44 1.59 0.000 **0.000
LstoE 2.12 1.77 -1:47 1.93 -2.29 1.26 **0.000 0.000
LitoE 4.56 2.83 0.90 2.14 -2.81 1.42 0.000 **0.000
B’ to LiPg’ 4.98 1.05 4.44 0.88 -0.44 0.72 0.073 0.052
ILG 2.19 2.75 0.14 0.58 -1.45 3.03 0.001 **0.000
Pn to FHP 95.83 4.82 88.72 3.76 -0.46 1.74 0.000 **0.000
Sn to FHP 83.67 4.79 76.13 3.76 -1.12 1.69 **0.000 0.000
A’ to FHP 85.36 5.08 76.57  4.00 -2.61 1.80 **0.000 0.000
Ls to FHP 89.85 5.10 79.88  4.28 -3.31 1.99 **0.000 0.000
Lito FHP 83.81 5.73 7549 479 -2.90 2.35 **0.000 0.000
B’ to FHP 75.66 5.79 68.99 5.36 -1.70 2.23 **0.001 0.002
Pg’ to FHP 72.68 7.44 68.54 5.94 -0.32 3.13 0.077 0.101
ANB 5.67 1.57 5.58 2.35 -0.13 0.77 0.863 0.869
AFBF 8.07 2.93 7.78 3.06 0.36 1.23 0.751 0.770
AOBO 1.12 2.49 -0.51 2.94 0.59 2.84 *0.023 0.030
0J 5.35 1.94 2.14 0.78 -2.44 1.92 **0.000 0.000

WSR, Wilcoxon signed-rank test
*  Significant difference at p-value<0.05
** Significant difference at p-value<0.01
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Table 17. Kruskal-Wallis test and Multiple comparisons summary for soft tissue
profile changes in male by extraction methods.

Mean difference  Mean difference  Mean difference Significant different among
(4/-) (4/5) (4/4) extraction groups
variables \an SD Mean  SD Mean  SD  (41)—(415) (4/5)-(4l4) (4I4)-(4)-)

GIPnPy’ -066 153 070 157 049 168 NS NS NS
GlISnPg’ 019 115 219 207 170 1.77 NS NS *
H-angle -214 186 -318 196 -319 201 NS NS NS
NL-angle 553 649 246 693 774 7.70 NS NS NS
LM-angle 855 1411 -1.70 1233 419 12.00 NS NS NS
LstosnPg” -1.20 0.65 -1.28 091 -2.02 111 NS NS NS
LitosnPg” -1.03 165 -3.09 145 -244 159 NS NS fale
Lsto E -149 097 -184 126 -229 126 NS NS *
LitoE -124 203 -345 155 -281 142 NS X wx
B'toLiPg® -033 084 016 056 -044 0.72 NS NS NS
ILG -003 170 -013 182 -145 3.03 NS NS *
Pn to FHP -005 088 -006 139 -046 174 NS NS NS
Sn to FHP -062 090 -082 166 -1.12 169 NS NS NS
A’ to FHP -143 096 -175 175 -261 180 NS NS NS
Ls to FHP -203 128 -202 223 -331 199 NS NS NS
Li to FHP -1.75 229 -306 121 -290 235 NS NS NS
B’ to FHP -197 255 -228 116 -1.70 2.23 NS NS NS
PgtoFHP  -1.04 233 068 172 -032 3.13 NS NS NS
ANB 029 114 029 088 -013 0.77 NS NS NS
AFBF 069 156 066 105 036 1.23 NS NS NS
AOBO 064 223 051 285 059 284 NS NS NS
0l -432 264 -378 153 -244 192 NS NS fale

NS, Not significant
*  Significant difference at p-value<0.05
** Significant difference at p-value<0.01
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Table 18. Pre-treatment and post-treatment mean values and standard deviations of
measurements for the extraction of upper 4 group of female and results of statistical
comparisons.

Extraction of Upper 4

Variables Pre-treatment Post-treatment Difference P-value
Mean SD Mean SD Mean SD WSR
GIPnPg’ 141.82 5.59 141.56 4.56 -1.02 1.84 0.543
GISnPg’ 165.00 6.08 165.10 5.59 -0.10 2.52 0.903
H-angle 15.35 412 14.23 4.16 -1.61 1.92 0.315
NL-angle 94.80 12.77 97.82 10.57 7.28 9.36 0.412
LM-angle 114.17 18.80 127.94 13.01 7.92 10.89 *0.019
Ls to SnPg’ 7.18 1.71 6.29 1.61 -1.28 1.08 0.094
Li to SnPg’ 5.13 2.59 4.34 2.59 -0.74 1.75 0.503
LstoE 0.80 1.83 -0.68 1.98 -1.29 1.18 *0.023
LitoE 247 2.57 0.97 2.81 -0.97 191 0.176
B’ to LiPg’ 4.95 1.22 4.50 0.83 -0.38 0.72 0.254
ILG 2.06 2.26 0.38 0.76 -1.85 227  **0.003
Pn to FHP 90.11 3.95 95.14 4.29 -0.32 1.25 **0.002
Sn to FHP 77.98 3.47 81.91 4.15 -1.02 1.32  **0.006
A’ to FHP 79.37 3.94 82.18 4.25 -1.99 1.35 *0.031
Ls to FHP 83.51 4.59 85.94 4.61 -2.70 1.72 0.107
Li to FHP 77.79 5.13 80.30 5.05 -2.16 2.34 0.176
B’ to FHP 70.93 477 73.56 5.71 -2.08 1.93 0.181
Pg’ to FHP 69.91 7.74 72.61 8.56 -1.61 2.27 0.563
ANB 5.57 2.44 5.24 1.71 0.76 1.17 0.728
AFBF 7.47 3.26 7.87 3.61 1.61 1.68 0.447
AOBO 0.52 3.26 0.82 3.36 0.62 3.02 0.715
oJ 6.42 1.81 3.31 2.90 -4.19 1.67  **0.001

WSR, Wilcoxon signed-rank test
*  Significant difference at p-value<0.05
** Significant difference at p-value<0.01
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Table 19. Pre-treatment and post treatment mean values and standard deviations of
measurements for the extraction of upper 4 lower 5 group of female and results of
statistical comparisons.

Extraction of Upper 4 Lower 5

Variables Pre-treatment Post-treatment Difference P-value
Mean SD Mean SD Mean SD WSR
GIPnPg’ 140.32 2.01 141.58 6.97 0.26 1.65 0.715
GISnPg’ 163.42 2.24 166.66 7.25 0.30 0.85 0.416
H-angle 16.32 1.73 11.88 4.06 -1.64 2.22 0.138
NL-angle 104.02 5.73 102.04 10.29 2.96 6.35 0.500
LM-angle 117.36 6.85 125.52 13.08 4.58 5.20 0.345
Ls to SnPg’ 7.25 1.13 4.89 1.42 -1.10 1.13 *0.043
Li to SnPg’ 4.47 2.48 3.45 1.47 -1.10 0.99 0.345
LstoE 1.72 1.43 -1.76 1.39 -1.12 1.20 *0.043
LitoE 2.02 2.69 0.37 1.67 -1.38 1.10 0.225
B’ to LiPg’ 5.00 0.98 4.03 0.69 -0.08 0.66 0.138
ILG 0.24 0.29 0.13 0.29 -0.24 0.29 0.715
Pn to FHP 89.77 3.40 87.61 213 -0.57 1.20 0.080
Sn to FHP 78.23 3.74 74.95 231 -1.17 1.30 0.080
A’ to FHP 79.60 3.49 75.28 3.03 -2.18 1.65 0.080
Ls to FHP 83.42 3.75 78.39 3.50 -2.79 2.09 0.080
Li to FHP 77.24 4.32 74.15 4.06 -2.67 191 0.345
B’ to FHP 70.27 3.50 68.61 3.90 -2.67 2.72 0.500
Pg’ to FHP 70.20 3.91 68.53 5.74 -2.03 2.38 0.500
ANB 7.74 1.21 5.80 2.04 0.88 0.68 *0.043
AFBF 10.02 2.12 7.39 2.66 1.49 1.03 0.225
AOBO 1.83 0.52 1.14 2.40 0.61 1.32 0.345
oJ 5.49 0.93 2.16 0.50 -3.68 1.56 *0.043

WSR, Wilcoxon signed-rank test
*  Significant difference at p-value<0.05
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Table 20. Pre-treatment and post treatment mean values and standard deviations of
measurements for the extraction of four first bicuspids group of female and results of
statistical comparisons.

Extraction of four first bicuspids

Variables Pre-treatment Post-treatment Difference P-value
Mean SD Mean SD Mean SD Paired t-test WSR
GIPnPg’ 144.00 3.59  142.06 5.53 -0.34 1.79 0.071 0.068
GISnPg’ 165.67 453  165.01 5.70 0.95 1.41 0.501 0411
H-angle 15.13 3.57 13.73 3.94 -2.79 1.69 0.121 0.073
NL-angle 92.16  14.62  101.72 11.09 6.87 7.80 *0.005 0.005
LM-angle 120.16  16.60  122.99 17.16 4.99 11.17 0.455 0.382
Ls to SnPg’ 7.03 1.43 5.80 1.68 -1.60 0.87 **0.005 0.006
Li to SnPg’ 6.51 2.56 412 2.09 -2.42 1.35 **0.000 0.000
LstoE 0.86 2.05 -0.59 2.07 -1.86 0.91 **0.006 0.009
LitoE 3.74 2.71 1.15 2.36 -2.77 1L 3% **0.000 0.000
B’ to LiPg’ 4.86 1.16 4.51 0.98 -0.29 0.98 0.180 0.312
ILG 1.05 2.24 0.74 1.57 -0.79 2.42 0.518 0.703
Pn to FHP 89.17 3.47 2= 5.57 -0.54 1.00 **0.009 0.017
Sn to FHP 77.63 3.45 79.72 4.87 -1.24 1.10 *0.024 0.033
A’ to FHP 78.99 3.78 79.97 5.15 -2.25 1.40 0.327 0.386
Ls to FHP 82.91 3.91 83.44 5.67 -2.90 1.32 0.630 0.874
Li to FHP 78.68 4.24 78.10 5.77 -3.27 1.53 0.618 0.651
B’ to FHP 71.51 4.80 71.63 6.13 -2.68 1.92 0.926 0.862
Pg’ to FHP 69.25 6.26 70.81 7.51 -0.93 1.78 0.340 0.316
ANB 5.19 1.97 5.67 2.36 0.33 0.91 0.272 0.179
AFBF 7.33 3.24 8.08 3.55 0.66 1.17 0.317 0.354
AOBO -0.75 2.56 2.13 3.46 0.36 2.24 **0.000 0.000
oJ 5.16 1.67 2.78 0.97 -2.61 1.53 **0.000 0.000

WSR, Wilcoxon signed-rank test
*  Significant difference at p-value<0.05
** Significant difference at p-value<0.01



Chanpen Pitaktrakulsiri Results / 60

Table 21. Kruskal-Wallis test and Multiple comparisons summary for soft tissue
profile changes in female by extraction category.

Mean Difference  Mean Difference  Mean Difference Significant different among
(4/-) (4/5) (4/4) extraction groups
variables n SD Mean  SD Mean  SD  (4)—(4I5) (4/5)-(4/4) (4/4)-(4-)

GIPnPg’ -1.02 184 026 165 -0.34 179 NS NS NS
GlSnPg’ -010 252 030 08 095 141 * NS *
H-angle -1.61 192 -164 222 -279 169 NS NS NS
NL-angle 728 936 296 635 687 7.80 NS NS NS
LM-angle 792 1089 458 520 499 11.17 NS NS NS
LstoSnPg” -1.28 1.08 -1.10 1.13 -160 0.87 NS NS *
LitosnPg” -0.74 175 -110 099 -242 135 * NS *
Lsto E -129 118 -112 120 -186 091 NS NS *
LitoE -097 191 -138 110 -2.77 133 * NS *
B’toLiPg” -0.38 072 -0.08 066 -0.29 0.98 NS * NS
ILG -1.85 227 -024 029 -0.79 242 NS NS *
Pn to FHP -0.32 125 -057 120 -054 100 NS NS NS
Sn to FHP -1.02 132 -117 130 -124 110 NS NS NS
A’ to FHP -199 135 -218 165 -225 140 NS NS *
Ls to FHP -270 172 -279 209 -290 132 NS NS *
Li to FHP -216 234 -267 191 -327 153 NS NS NS
B’ to FHP -208 193 -267 272 -268 192 NS NS NS
Pg’toFHP  -161 227 -203 238 -093 178 NS NS NS
ANB 076 117 088 068 033 091 NS NS NS
AFBF 161 168 149 103 066  1.17 NS NS NS
AOBO 062 302 061 132 036 224 NS NS NS
0J -419 167 -368 156 -261 153 NS NS *

NS, Not significant
*  Significant difference at p-value<0.05
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Table 22. Pre-treatment and post-treatment mean values and standard deviations of
measurements for better profile group of male and results of statistical comparisons.

Better profile

Variables Pre-treatment Post-treatment Difference P-value
Mean SD Mean SD Mean SD Paired t-test WSR
GIPnPg’ 140.53 391 142.44 4.98 0.44 1.77 0.056 0.059
GISnPg’ 161.97 4.98 165.90 6.34 1.60 2.06 **0.002 0.003
H-angle 18.12 3.50 12.95 4.32 -3.33 2.20 **0.000 0.000
NL-angle 95.11 10.80 99.26 14.09 6.07 8.18 0.081 0.269
LM-angle 117.51 19.59 125.66 15.75 8.40 12.19 0.128 0.075
Ls to SnPg’ 8.16 1.61 5.68 2.08 -1.97 1.14 **0.000 0.000
Li to SnPg’ 7.03 2.56 4.45 2.20 -2.36 1.58 **0.000 0.000
LstoE 1.96 1.98 -0.82 2.24 -2.25 1.40 **0.000 0.000
LitoE 431 2.51 1.39 2.48 -2.79 1.49 **0.000 0.000
B’ to LiPg’ 5.37 0.96 4.49 1.09 -0.50 0.77 **0.005 0.003
ILG 2.42 2.70 0.28 0.93 -1.99 2.47 0.001 **0.001
Pn to FHP 94.96 4.62 89.59 4.79 -0.42 1.81 **0.000 0.000
Sn to FHP 82.73 4.56 77.15 4.94 -1.02 1.80 **0.000 0.000
A’ to FHP 84.20 4.93 77.57 4.94 -2.46 1.95 **0.000 0.000
Ls to FHP 88.45 5.11 80.91 4.96 -3.17 2.29 0.000 **0.000
Li to FHP 81.99 5.28 76.24 4.92 -2.67 2.28 0.000 **0.001
B’ to FHP 73.72 5.13 69.47 5.18 -1.82 2.14 **0.008 0.012
Pg’ to FHP 70.89 7.25 68.76 6.22 -0.27 2.89 0.324 0.269
ANB 6.04 1.63 5.74 2.55 -0.04 0.75 0.540 0.548
AFBF 9.02 3.27 8.34 3.73 0.43 1.16 0.456 0.501
AOBO 1.25 2.81 0.21 3.42 0.17 2.96 0.149 0.113
0J 6.25 1.90 2.22 0.67 -3.49 1.88 **0.000 0.000

WSR, Wilcoxon signed-rank test
** Significant difference at p-value<0.01
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Table 23. Pre-treatment and post-treatment mean values and standard deviations of
measurements for nonbetter profile group of male and results of statistical comparisons.

Nonbetter profile

Variables Pre-treatment Post-treatment Difference P-value

Mean SD Mean SD Mean SD Paired t-test WSR
GIPnPg’ 141.51 5.09 141.98 3.78 -0.21 147 0.552  0.459
GISnPg’ 149.66 68.89 164.75 4.34 1543 71.70 0.687 0.528
H-angle 16.64 4.64 14.42 4.07 -2.17 162 0.208 0.145
NL-angle 94.06 11.12 101.17 9.10 538 6.24 0.064 0.078
LM-angle 124.25 21.66 119.32 15.52 -1.56  10.07 0.491 0.647
Ls to SnPg’ 7.61 1.95 6.12 2.06 -0.96 0.88 0.083  0.085
Li to SnPg’ 6.28 3.87 4.50 2.09 -1.68  2.00 0.156  0.199
LstoE 1.02 2.46 -0.27 2.37 -1.37  1.00 0.191 0.231
LitoE 311 4.00 1.42 2.42 -1.86  2.13 0.129 0.163
B’ to LiPg’ 4.67 1.17 5.28 0.96 005 061 0.690 0.446
ILG 0.30 0.77 0.31 0.83 059 161 0.601 0.476
Pn to FHP 95.69 4.44 92.85 4.39 025 114 0.066 0.122
Sn to FHP 82.92 4.85 80.12 4.06 -049 113 0.088 0.122
A’ to FHP 84.15 5.17 80.48 4.61 -1.19 143 0.075 0.102
Ls to FHP 88.17 5.45 83.97 5.19 -1.57 148 0.056  0.053
Li to FHP 82.64 6.30 78.55 5.42 -203 217 0.076  0.058
B’ to FHP 75.44 6.06 70.83 5.38 -1.73 185 0.065 0.094
Pg’ to FHP 72.58 7.35 70.62 6.39 -0.21 243 0.210 0.372
ANB 541 2.63 6.27 1.87 028 0.92 0.085 0.102
AFBF 7.99 4.19 9.12 3.08 089 135 0.105 0.145
AOBO 1.35 3.29 1.24 2.66 158 227 0.425 0.556
0J 5.59 2.19 2.41 0.84 -2.72 226 **0.000 0.001

WSR, Wilcoxon signed-rank test
** Significant difference at p-value<0.01
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Table 24. Treatment changes between better profile and nonbetter (NB) profile group
in male mean values and standard deviations of measurements and results of statistical
comparisons

Male
Variables Treatment change (Better)  Treatment change (NB) P-value
Mean SD Mean SD t Indep. t-test MWU
GIPnPg’ 0.44 1.77 0.03 1.53 0.81 0.424 0.487
GISnPg’ 1.60 2.06 1.26 1.44 0.61 0.542 0.781
H-angle -3.33 2.20 -2.39 1.47 -1.58 0.122 0.120
NL-angle 6.07 8.18 6.38 6.41 -0.14 0.893 0.935
LM-angle 8.40 12.19 -2.64 10.66 3.13 **0.003 0.004
Ls to SnPg’ -1/9¢ 1.14 -1.26 0.70 -2.36 0.023  *0.022
Li to SnPg’ -2.36 1.58 -2.09 1.89 -0.52 0.607 0.835
LstoE -2.25 1.40 -1.69 0.82 -1.52 0.135 0.168
LitoE -2.79 1.49 -2.29 2.07 -0.93 0.357 0.817
B’ to LiPg’ -0.50 0.77 0.01 0.60 -2.36 0.023  *0.018
ILG -1.99 247 0.81 1.86 -4.10 0.000 **0.000
Pn to FHP -0.42 1.81 -0.10 0.90 -0.69 0.495 0.366
Sn to FHP -1.02 1.80 -0.84 1.03 -0.40 0.694 0.853
A’ to FHP -2.46 1.95 -1.75 1.14 -1.40 0.169 0.161
Ls to FHP -3.17 2.29 -2.17 1.19 -1.69 0.098  *0.039
Li to FHP -2.67 2.28 -2.68 2.07 0.02 0.982 0.808
B’ to FHP -1.82 2.14 -1.96 2.12 0.21 0.833 0.728
Pg’ to FHP -0.27 2.89 -0.30 2.59 0.04 0.970 0.826
ANB -0.04 0.75 0.19 1.07 -0.86 0.394 0.318
AFBF 0.43 1.16 0.60 1.42 -0.44 0.662 0.547
AOBO 0.17 2.96 1.21 2.06 -1.29 0.203 0.144
oJ -3.49 1.88 -2.57 2.46 -1.42 0.163 0.076

MWU, Mann-Whitney test
*  Significant difference at p-value<0.05
** Significant difference at p-value<0.01
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Table 25. Pre-treatment and post treatment mean values and standard deviations of
measurements for better profile group of female and results of statistical comparisons

Better profile

Variables
Pre-treatment Post-treatment Difference P-value
Mean SD Mean SD Mean SD Paired t-test WSR
GIPnPg’ 143.28 453 142.15 5.35 -0.39 199 0.337 0.292
GISnPg’ 165.75 5.06 165.46 5.58 056  2.01 0.810 0.675
H-angle 15.32 3.48 13.13 3.66 -256 161 *0.011 0.007
NL-angle 90.52 12.35 101.05 11.24 1013 6.91 **0.001 0.001
LM-angle 117.06 13.53 124.71 14.65 959 982 *0.028 0.017
Ls to SnPg’ 7.23 1.41 5.47 1.39 -1.75  0.83 0.000 **0.000
Li to SnPg’ 6.21 2.38 3.84 1.84 -2.02 151 0.000 **0.000
LstoE 0.89 1.94 -0.99 1.82 -1.83  0.86 0.000 **0.001
LitoE 3.49 2.43 0.82 2.09 -240 153 0.000 **0.000
B’ to LiPg’ 491 1.09 4.42 0.82 -0.53 084 0.065 0.095
ILG 1.99 2.56 0.43 1.01 -1.81 270 0.001 **0.001
Pn to FHP 88.78 3.36 91.16 5.04 -0.39 105 *0.023 0.040
Sn to FHP 77.09 3.09 78.73 4.10 -0.99 1.10 *0.042 0.035
A’ to FHP 78.64 3.34 78.89 3.85 -209 124 0.740 0.769
Ls to FHP 82.80 3.54 82.25 4.17 -2.99 142 0.492 0.322
Lito FHP 78.21 4.43 77.10 4.49 -2.84 153 0.270 0.252
B’ to FHP 71.22 4.65 70.74 4.64 -225 181 0.638 0.856
Pg’ to FHP 69.40 5.62 70.31 6.80 -1.07  2.00 0.520 0.521
ANB 5.27 2.14 551 2.04 0.46  1.00 0.584 0.412
AFBF 7.03 2.73 7.86 3.55 086  1.32 0.230 0.244
AOBO -0.38 2.92 1.46 3.47 050 273 *0.012 0.004
0J 5.48 1.73 2.97 2.33 -3.23 167 **0.000 0.000

WSR, Wilcoxon signed-rank test
*  Significant difference at p-value<0.05
** Significant difference at p-value<0.01
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Table 26. Pre-treatment and post treatment mean values and standard deviations of
measurements for nonbetter profile group of female and results of statistical
comparisons

Nonbetter profile

Variables Pre-treatment Post-treatment Difference P-value
Mean SD Mean SD Mean SD Paired t-test WSR
GIPnPg’ 142.43 4.38 141.38 5.14 -0.75 1.53 0.410 0.174
GISnPg’ 164.52 4.90 164.73 5.97 0.48 1.76 0.883 0.839
H-angle 15.26 3.95 14.72 4.38 -1.88 2.19 0.646 0.603
NL-angle 99.23 14.25 99.34 10.39 1.59 7.49 0.975 0.949
LM-angle 118.97 21.34 125.28 16.96 0.60 9.83 0.257 0.275
Ls to SnPg’ 6.90 1.62 6.56 1.83 -0.99 1.00 0.510 0.568
Li to SnPg’ 5.38 2.96 4.60 2.67 -1.29 1.83 0.365 0.485
LstoE 0.94 1.94 -0.29 2.20 -1.26 1.24 0.041 *0.043
LitoE 2.67 3.06 1.34 2.96 -1.47 1.95 0.119 0.155
B’ to LiPg’ 4.89 1.26 4.55 1.04 0.04 0.81 0.250 0.322
ILG 0.37 0.97 0.78 1.60 -0.09 0.91 0.289 0.360
Pn to FHP 90.70 3.74 95.40 4.78 -0.58 1.17 *0.001 0.003
Sn to FHP 78.86 3.69 82.22 5.05 -1.41 1.29 *0.019 0.038
A’ to FHP 79.96 4.28 82.64 5.72 -2.24 1.59 0.090 0.124
Ls to FHP 83.71 4.83 86.47 6.30 -2.57 1.63 0.114 0.151
Li to FHP 78.33 4.79 80.80 6.39 -2.82 2.43 0.175 0.148
B’ to FHP 71.19 4.76 74.09 7.09 -2.80 2.19 0.144 0.144
Pg’ to FHP 69.80 7.99 72.71 8.98 -1.53 2.06 0.315 0.424
ANB 5.89 2.25 5.56 2.24 0.61 1.03 0.581 0.767
AFBF 8.41 3.74 8.10 3.41 1.36 1.53 0.796 0.849
AOBO 0.31 2.71 1.78 3.28 0.43 2.05 0.104 0.107
oJ 5.86 1.83 2.84 0.92 -3.28 1.84 **0.000 0.000

WSR, Wilcoxon signed-rank test

*  Significant difference at p-value<0.05
** Significant difference at p-value<0.01
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Table 27. Treatment changes between better profile and nonbetter (NB) profile group
in female mean values and standard deviations of measurements and results of

statistical comparisons

Female
Variables Treatment change (Better)  Treatment change (NB) P-value
Mean SD Mean SD Indep. t-test MWU
GIPnPg’ -0.39 1.99 -0.75 1.53 0.16 0.872 0.453
GISnPg’ 0.56 2.01 0.48 1.76 -1.45 0.151 0.952
H-angle -2.56 1.61 -1.88 2.19 4.72 **0.000 0.189
NL-angle 10.13 6.91 1.59 7.49 3.62 **0.001 0.000
LM-angle 9.59 9.82 0.60 9.83 -3.32 0.001 **0.001
Ls to SnPg’ -1.75 0.83 -0.99 1.00 -1.75 0.085 0.003
Li to SnPg’ -2.02 151 29 1.83 -2.21 *0.031 0.098
LstoE -1.83 0.86 -1.26 1.24 -2.15 *0.035 0.089
LitoE -2.40 1.53 -1.47 1.95 -2.70 0.009  *0.047
B’ to LiPg’ -0.53 0.84 0.04 0.81 -3.66 0.001  *0.019
ILG -1.81 2.70 -0.09 0.91 0.71 0.480 0.053
Pn to FHP -0.39 1.05 -0.58 1.17 1.42 0.161 0.495
Sn to FHP -0.99 1.10 -1.41 1.29 0.41 0.680 0.127
A’ to FHP -2.09 1.24 -2.24 1.59 -1.09 0.280 0.538
Ls to FHP -2.99 1.42 -2.57 1.63 -0.03 0.980 0.406
Li to FHP -2.84 1.53 -2.82 2.43 1.09 0.278 0.410
B’ to FHP -2.25 1.81 -2.80 2.19 0.91 0.364 0.189
Pg’ to FHP -1.07 2.00 -1.53 2.06 -0.58 0.562 0.422
ANB 0.46 1.00 0.61 1.03 -1.41 0.164 0.490
AFBF 0.86 1.32 1.36 1.53 0.10 0.920 0.156
AOBO 0.50 2.73 0.43 2.05 0.11 0.915 0.644
oJ -3.23 1.67 -3.28 1.84 -0.12 0.904 0.810

MWU, Mann-Whitney test
*  Significant difference at p-value<0.05
** Significant difference at p-value<0.01
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Table 28. Kruskal-Wallis test and Multiple comparisons summary for soft tissue
profile changes by extraction methods in better profile group of male.

Mean difference  Mean difference  Mean difference Significant different among
(4/-) (4/5) (4/4) extraction groups
variables \an SD Mean  SD Mean  SD  (41)—(415) (4/5)-(4l4) (4I4)-(4)-)

GIPnPg’ -1.40 1.18 1.15 1.78 0.51 1.71 * NS NS
GIsSnPg’ -0.23 0.06 2.38 2.53 1.64 1.95 NS NS NS
H-angle -1.20 1454 -3.38 2.26 -3.66 2.17 NS NS NS
NL-angle 3.10 7.05 1.85 8.08 7.97 8.10 NS NS NS
LM-angle 22.17 7.57 -0.05 13.04 8.92 10.55 % NS NS
Ls to SnPg’ -1.05 0.69 -1.31 1.13 -2.35 1.05 NS * *
Li to SnPg’ -1.26 1.60 -2.81 1.71 -2.40 1.54 NS NS NS
Lsto E -1.22 0.83 -1.79 JLLsel -2.57 1.36 NS NS NS
Lito E -1.63 0.88 -3.14 1.86 -2.86 141 NS NS NS
B’ to LiPg’ -0.89 1.18 0.27 0.67 -0.69 0.59 * * NS
ILG -1.40 1.28 -0.89 1.37 -2.46 2.80 NS NS NS
Pn to FHP -0.11 0.34 -0.18 1.73 -0.55 2.01 NS NS NS
Sn to FHP -0.86 0.57 -0.84 2.04 -1.11 191 NS NS NS
A’ to FHP -1.68 0.52 -1.95 211 -2.76 2.04 NS NS NS
Ls to FHP -2.46 0.56 -2.06 2.80 -3.65 2.22 NS NS NS
Li to FHP -2.50 241 -2.80 0.85 -2.65 2.66 NS NS NS
B’ to FHP -3.13 1.07 -2.36 1.45 -1.42 2.39 NS NS NS
Pg’ to FHP -1.99 0.84 0.58 2.03 -0.27 3.28 NS NS NS
ANB 0.20 0.17 0.30 0.89 -0.20 0.74 NS NS NS
AFBF 0.87 1.07 0.92 1.08 0.19 1.19 NS NS NS
AOBO 0.00 2.72 0.01 3.36 0.25 3.03 NS NS NS
oJ -5.16 0.33 -4.19 1.74 -2.98 1.89 NS NS NS

NS, Not significant
*  Significant difference at p-value<0.05
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Table 29. Kruskal-Wallis test and Multiple comparisons summary for soft tissue
profile changes by extraction methods in better profile group of female.

Mean difference  Mean difference  Mean difference Significant different among
(4/-) (4/5) (4/4) extraction groups
variables n SD Mean  SD Mean  SD  (41)—(415) (4/5)-(4/4) (4/4)-(4-)

GIPnPg’ -0.73 2.33 -0.55 1.77 -0.21 1.88 NS NS NS
GISnPg’ 0.23 3.10 0.00 0.85 0.76 135 NS NS NS
H-angle -2.29 1475 -2.20 2.83 -2.72 151 NS NS NS
NL-angle 11.75 8.37 6.65 7.28 9.63 6.22 NS NS NS
LM-angle 12.77 9.47 1.05 5.59 8.75 9.92 NS NS NS
Ls to SnPg’ -1.76 0.87 -1.75 1.48 -1.75 0.81 NS NS NS
Li to SnPg’ -1.26 1.66 -1.63 1.69 -2.41 1.34 NS NS *
Lsto E -1.74 0.97 -1.87 1.26 -1.87 0.82 NS NS NS
LitoE -1.68 1.79 -2.00 1.70 -2.78 131 NS NS NS
B’ to LiPg’ -0.71 0.65 0.48 0.73 -0.53 0.89 NS NS NS
ILG -3.18 231 -0.36 0.37 -1.27 2.78 NS NS *
Pn to FHP -0.57 1.28 -0.09 0.49 -0.32 0.98 NS NS NS
Sn to FHP -1.23 1.32 -1.23 144 -0.85 0.99 NS NS NS
A’ to FHP -2.39 1.40 -2.92 1.07 -1.89 1.16 NS NS NS
Ls to FHP -3.37 147 -3.92 0.64 -2.73 1.40 NS NS NS
Lito FHP -2.59 2.02 -3.91 1.56 -2.87 1.26 NS NS NS
B’ to FHP -1.98 1.71 -4.66 3.54 -2.19 1.68 NS NS NS
Pg’ to FHP -1.70 2.09 -3.06 3.54 -0.60 1.74 NS NS NS
ANB 0.70 1.45 0.85 0.21 0.32 0.75 NS NS NS
AFBF 1.44 1.81 1.77 0.70 0.51 0.95 NS NS NS
AOBO 0.86 3.79 0.37 0.01 0.33 2.27 NS NS NS
0J -4.01 153 -4.08 0.01 -2.79 1.67 NS NS *

NS, Not significant
*  Significant difference at p-value<0.05
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CHAPTER VI
DISCUSSION

Part I: Methodology

This study was established to investigate soft tissue profile changes related to
different extraction treatment methods in 2 groups of facial profile preference.

In order to minimized the confounding effects of growth changes in profile
from those resulting from treatment, the age criteria of this study were determined as
over 15 years for males and over 14 years for females at the start of treatment,
supported by Chinavesyawong (67) that the spurt of soft tissue profile growth in males
and females were at 11-14 years old and 10-13 years old, respectively.

This study design was retrospective study which has the limitations in some
variations’ control such as the magnification of cephalogram. Although, the magnification
between different X-ray machines was controlled by using the same distance from
the X-ray focus tube to the film and from the midsagittal plane of sample’s head to
the film in all X-ray machines. The magnification of linear measurements still had to
corrected by multiplied by correction factors of each individual film.

In this study, soft tissue profile changes were assessed by using the
constructed Frankfurt horizontal plane (line through Sella perpendicular to the Sella-
Nasion minus 7 degree line) to approximate the true horizontal plane, due to the

problem with reproduction of conventional Frankfurt horizontal plane.

Part I1: Cephalometric Analysis
1. Various Factors Related to the Soft Tissue Profile Changes

Sex VS Soft Tissue Profile Changes

In previous study, the differences between male and female were evident
Garber and Salama’s study (68) found that some soft tissue variables such as the
average upper lip length in males was significantly longer than in females, the average

length of the maxillary lip in males was longer than in females about 2 mm and
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Mamandras (69) found that maximum upper lip length in females was achieved by age
14, earlier than males. In the average upper lip thickness in males was also
significantly thicker than females. These results were coincident with Subtelny and
Mamandras’ study (69) which revealed that in females, the upper lip was at its
maximal thickness by age 14. After that upper lip thickness had continued to show an
increase in males, whereas it was not thicker in females with lip thinning occurred
after age 16.

Another aspect, most of the soft tissue growth at the nose, lips, and chin
suggest sexual dimorphism. Males had greater increased over a larger time span than
females and the attainment of adult size. Females had attained their adult size at 15
years, whereas in males, several soft tissue changes appeared to be increasing at 18
years of age.

The percentage of growth completed at each age relative to the size of the
variables at 18 years also showed differences in proportionate development of the
various facial dimensions between males and females.

In this study, between male and female were significant different in various
aspects 1) pretreatment soft tissue morphology 2) soft tissue responses to the treatment
and 3) soft tissues variables preferred by panels’ perception.

When compare the soft tissue treatment effects by the same extraction
methods and by the profile-preferences between male and female, there are various
differences in soft tissue responses. In the (4/-) extraction groups, (Table 14&18),
female had more soft tissue variables improved with treatment (labiomental angle,
upper lip to the esthetic line, interlabial gap, soft tissue thickness at point A’, Pn, and
Sn), and also in more magnitude (almost all variables had significantly different at
p<0.01level) than male.

Same as the (4/-) extraction groups, in the (4/5) extraction groups, (Table
15&19), female also had more soft tissue variables improved with treatment (upper lip
to the esthetic line and to SnPg’ line, ANB, and overjet).

On the other hand, the (4/4) extraction groups (Table 16&20), treatment
effects were not similar to other extraction groups, in this groups male had more soft

tissue variables improved with treatment but in same magnitude to female.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Orthodontics) / 71

In another aspect, the profile-preference groups, the results showed the
different soft tissues variables preferred by panels’ perception. The soft tissue variables
determined the profile-preference in male were mainly involved the upper lip protrusion
& thickness, and the chin ( as seen in Table 26), whereas in female, the soft tissue
variables determined the profile-preference were mainly involved the nose, lips

protrusion, and the chin (Table 27).

Extraction Methods VS Soft Tissue Profile Changes

4/- VS 4/5 & 4/4 Extraction Methods

Extractions can involve 2 maxillary bicuspids (12) or 2 maxillary and 2
mandibular bicuspids (13). The extraction of only 2 maxillary bicuspids is generally
indicated when there is no crowding or cephalometric discrepancy in the
mandibular arch (11,14). Extraction of 4 bicuspids is indicated primarily for
crowding in the mandibular arch, a cephalometric discrepancy, or a combination of
both, in growing patients (11,14,16). In a complete Class Il malocclusion, anchorage is
essential to maintain the posterior segment in place during retraction of the anterior
teeth when only 2 maxillary bicuspids are extracted. Anchorage is usually provided by
extraoral appliances that require patient compliance for treatment success.
However, when a complete Class Il malocclusion is treated with 4 bicuspids
extraction, there is an even greater need for anchorage, because the posterior and
anterior maxillary dental segments must be distalized to reach a Class | molar-canine
relationship at the end of treatment (13,17). Consequently, treatment success
depends even more on patient compliance. On the basis of these considerations, it is
speculated that the occlusal success rate of Class Il correction with 4 bicuspids
extraction is more likely to be compromised by the absence of patient compliance in
the use of anchorage devices than in treatment with 2 bicuspids extraction.

Treatment of complete Class Il malocclusions by extracting only 2 maxillary
bicuspids requires anchorage to avoid mesial movement of the posterior segment
during retraction of the anterior teeth. Because the average mesiodistal diameter of
bicuspids is 7 mm, the anterior teeth should therefore be distalized by this distance.
Appliances that provide this anchorage are primarily extraoral, thus requiring patient

compliance for a successful treatment result.
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In complete Class Il therapy with 4 bicuspids extraction, the need for
anchorage is even greater, because the posterior segment must not only be maintained in
place but also be distalized to achieve a Class I molar relationship at the end of
treatment. In more favorable cases, in which the mandibular posterior segment might
move forward half of the extraction space (3.5 mm.) during retraction of the
mandibular anterior segment, there will be a need to distalize the maxillary posterior
segment by a similar distance to achieve a Class | molar relationship. Afterward, all
anterior teeth must be distalized 3.5 mm., corresponding to the distalization of the
posterior segment, in addition to the 7 mm required for correcting the original anterior
overjet to achieve a Class | canine relationship, thus totaling 10.5 mm. Therefore,
there will be 3.5 mm of distalization of the posterior segment added to the 10.5 mm
of the anterior segment, totaling 14 mm of distalization for both posterior and anterior
segments; this is twice the amount required for Class Il correction with extraction of
only the maxillary bicuspids. Consequently, the need for anchorage in these patients is
twice as great, and treatment success will depend even more on patient compliance.

In this study, the results showed a statistically significant difference in
various soft tissue variables and in their improvement at the end of treatment between
the groups. The improvements in the (4/4) extraction groups were larger than in the
(4/-) extraction groups Treatment of Class Il division 1 malocclusion with 4 bicuspids
extraction (especially of four first bicuspids extraction) produced more satisfactory

soft tissue changes than treatment with 2 bicuspids extraction in both sexes.

First- VS Second- Bicuspids Extraction Methods

Schudy (70-72) recommended an extraction approach ‘to close down the
bite’” in hyperdivergent types. Sassouni and Nanda (54,40) concurred with this
treatment philosophy. However, there is great controversy concerning the effects of
bicuspids extraction on facial vertical dimension (FVD). Some authors (73-76)
speculated that first bicuspids (4/4) extraction cause temporomandibular joint disorder
(TMD) by reducing FVD and over-retracting maxillary anterior teeth (77). However,
many other reports offered data to disprove this hypothesis (36,78-81).

Because the indications for (4/4) extraction are usually severe anterior

crowding or lip protrusion, most of the extraction space is used for alleviating crowding
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and retracting incisors. The remaining space is closed by reciprocal movement of anterior
and posterior teeth. The amount of mesial molar movement can be very little if
anchorage is well maintained. It has not been shown that the bite is closed in (4/4)
extraction treatments by mesial movement of the molars. The changes in FVD
occurring with the extraction of maxillary and mandibular (4/4) were reported to be no
different than the changes in FVD occurring in non-extraction cases.

It has been shown that in borderline cases with moderate crowding, fairly
well-aligned incisors, and a relatively acceptable profile, second bicuspids (4/5) can
be extracted. According to the “wedge effect” concept, it is hypothesized that P2
extraction permits the molar to move more mesially than P1 extraction, resulting in a
greater decrease of the FVD by reducing the wedge effect.

Regardless of maxillary and mandibular (4/4) or (4/5) extraction treatments,
there was no decrease of FVD and no significant difference in FVD changes in the
patients with a Class malocclusion and hyperdivergent facial type. Therefore, the
wedge effect concept that the bite is closed by extraction of (4/5) and forward movement
of molars seems invalid. In these patients bicuspids extraction decisions could be based
on other criteria, such as incisor retraction, area of crowding, tooth sizes, and condition
of teeth.

The perceived advantage of extracting second bicuspids instead of first
bicuspids is that the space is available further back in the mouth. Logically, this should
provide ‘less anchorage’ and should result in more mesial movement of molars,
increasing space for third molars. The disadvantage concerns the contact area between
lower first molars and the lower first bicuspids.

In this study, the results showed a statistically significant difference in
various soft tissue variables and in their improvement at the end of treatment between
the groups. The improvements in the (4/4) extraction groups were larger than in the
(4/5) extraction groups. Treatment of Class Il division 1 malocclusion with four first
bicuspids extraction produced more satisfactory soft tissue changes than treatment with
upper first and lower second bicuspids extraction in both sexes. Lower lip to esthetic
plane was the determinant variable between these two groups in male and labiomental
depth was the determinant variable between these two groups in female (Table 17, and
21).
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Facial Profile-Preference VS Soft Tissue Profile Changes

From the previous study, soft tissue response to orthodontic treatment was
most obviously seen in lip regions. The reduction of upper lip protrusion and elimination
of interlabial gap were probably the primary determinants that made treated profiles
look better. The changes of nasolabial angle, lower lip protrusion, H-angle, and
labiomental depth were the secondary determinants (1).

In this study, the results showed a statistically significant difference in most
of the variables and in their improvements at the end of treatment between better
profile group and nonbetter profile group. The variables showed a better soft tissue
profile relationship in better profile group, and the improvements in better profile
group were larger than in nonbetter profile group. From Table 22 and 24, the results
showed that soft tissue improvements were mainly involved the lips, the chin, and soft
tissue thickness in male, whereas in female the most of improvements were involved
the nose, lips protrusion and the chin. In contrary, there were no obviously soft tissue
improvement in nonbetter profile groups for both sexes (Table 23&25).

Facial Profile-Preference VS Treatment Effects of Different Extraction Methods

In male , when facial profile preference was the main issue to be considered,
as described above, primary determinants responsible for preference: the labiomental
angle could improved by only from the (4/-) extraction method, whereas this method
could not improved the upper lip protrusion which was the other primary determinant
variable.

Similarly, the (4/4) extraction methods could improved almost all variables
responsible for preference except the labiomental angle.

Furthermore, the (4/5) extraction method seem to be the method which
produced less improvement to the variables responsible for preference, in other word,
this method could not improved the labiomental angle, upper lip protrusion, and
labiomental depth (Table 28).

In female, differences of treatment effects between different extraction methods
seem to be less than male, one issue that should be keep in mind; the (4/-) extraction
method could not improved the lower lip protrusion and interlabial gap which could be

affect the profile-preference after treatment (Table 29).
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Therefore, for both male and female, pretreatment discrepancies and
extraction treatment effects of soft tissue variables and profile-preference should be
discussed and taken into account in orthodontic treatment planning for individual

Class Il division 1 patient.
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CHAPTER VII
CONCLUSION

Class Il division 1 malocclusion is one of the predominant dentofacial
patterns in Thai patients who are seeking esthetic improvement. A variety of alternative
strategies exist for the treatment of class Il division 1 malocclusion. Fundamental &
mutually exclusive treatment decisions concerning one-stage versus two-stage
treatment as well as extraction versus nonextraction are routinely made.

Selection of the treatment method of choice in orthodontics is usually a question
of the clinician’s personal preference and is generally based on subjective criteria.

The main purpose of this study was to evaluate effects of difference orthodontic
treatment methods on facial profile preference in treated Class Il division 1 patients. The
supporting purposes were: 1) to analyze the soft tissue profile variablesbefore and
after treatment in the 3 different extraction method groups (upper 4 extraction, upper 4
and lower 5 extraction, and 4 first bicuspids extraction) 2) to compare the differences
in soft tissue profile changes among groups treated with different extraction methods,
3) to analyze the soft tissue profile variables before and after treatment in the two
profile-preference groups (better and nonbetter profile groups) 4) to compare the

differences in soft tissue profile changes between those two profile-preference groups.

The results of this study can be concluded that:

1. There were significantly different between male and female in various
aspects 1) pretreatment soft tissue morphology 2) soft tissue responses to the treatment
and 3) soft tissues variables preferred by panels’ perception.

When compare the soft tissue treatment effects by the same extraction
methods and by the profile-preferences between male and female, there are various
differences in soft tissue responses. In the (4/-) and (4/5) extraction groups, female had
more soft tissue variables improved with treatment than male. Whereas in the (4/4)
extraction groups, male had more soft tissue variables improved with treatment but in

same magnitude to female.
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The soft tissue variables determined the profile preference in male were mainly
involved the upper lip protrusion & thickness, and chin, whereas in female, the soft
tissue variables determined the profile preference were mainly involved the nose, lips
protrusion, and chin.

2. There were significant differences between pre- and post-treatment
especially in the four first bicuspid extraction group and the better profile group.
Treatment of Class Il division 1 malocclusion with (4/4) extraction produced more
satisfactory soft tissue changes than treatment with (4/-) and (4/5) extraction groups in
both sexes. Lower lip to esthetic plane was the determinant variable between these
groups in male and labiomental depth was the determinant variable between these two
groups in female.

3. There were statistically significant differences between treatment changes
of soft tissue variables between better profile group and nonbetter profile group. The
variables showed a better soft tissue profile relationship in better profile group, and
the improvements in better profile group were larger than in nonbetter profile group.
Soft tissue improvements were mainly involved the lips, chin, and soft tissue thickness
in male, whereas in female the most of improvements were involved the nose, lips
protrusion and the chin. In contrary, there was no obviously soft tissue improvement in
nonbetter profile groups for both sexes.

4. There were differences in soft tissue profile variables preferred by panels’
perception. In male, the significant variables for improved profiles were the
labiomental angle and interlabial gap, other variables that also influential were the
upper lip thickness and protrusion. On the other hand, in female, some variables were
similar and some were different. Primary variables for female were the labiomental
angle, the nasolabial angle, and the H-angle, variables that influential were the upper
and the lower lip protrusion.

5. In both male and female, improvements of all soft tissue variables
responsible for facial profile-preference could not accomplished by only one
extraction treatment method. The (4/5) extraction method seem to be the method
which produced less improvement to the variables responsible for preference in male.
While the (4/-) extraction method could not improved the lower lip protrusion and

interlabial gap which could be affect the profile-preference after treatment in female.
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Therefore, sexual dimorphism, pretreatment discrepancies and extraction
treatment effects of soft tissue variables and preference should be discussed and
taken into account in orthodontic treatment planning for individual Class Il

division 1 patient.
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Suggestion

1. This study suggests a better improved profile is the four first bicuspids
extraction method.

2. The possible variations of soft tissue response in patients should be discussed
and taken into account in orthodontic treatment planning.

3. Camouflage treatments may be effect in profile preference and should be
discussed and informed to patients.

4. Further study is recommended to investigate of other factors such as muscle
strain, lip strain, lip tension, lip morphology, pre-treatment hard tissue characteristics,
and the initial maxillomandibular skeletal relationship which effect to the soft tissue

profile changes.
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Limitation

1. As this study was retrospective, no control over the tonicity of the lip at the
time which cephalometric radiographs were taken.

2. Sample size was limited by the previous study, therefore, samples of each
subgroup was relatively small.

3. Because of the different magnification of cephalometric radiographs from the
different cephalostat could not be controlled, therefore, the best fit superimposition of
craniofacial structure could not be performed. However, soft tissue profile changes in
this study were assessed by using the constructed Frankfurt horizontal plane as
reference line according to approximate the true horizontal plane and to eliminate problem
with reproduction of conventional Frankfurt horizontal plane.

4. Lateral cephalometric radiographs give only two dimensional information

whereas craniofacial structure changes occur in three dimensional direction.
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