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ABSTRACT 
 

 
MEASUREMENT OF SOFT TISSUE PROFILE CHANGES AS A RESULT OF PLACEMENT 

OF ORTHODONTIC BRACKETS 

 
KEBERT, Michèle, BChD (Pretoria), 2007. 
 
 
This research report quantifies the soft tissue profile changes that occur as a result of 

the placement of orthodontic brackets. It also assesses whether patients are able to 

perceive any changes in their own profiles immediately post bonding. 

 
Using a standardised photographic technique, profile photographs were taken of a 

group of patients both before and immediately after the placement of orthodontic 

brackets. A series of angular and linear measurements were made each on the 

photographic images using a computer software program. The data obtained from the 

‘before’ and ‘after’ photographs were then compared.  

 
Patients were also asked several standard questions about their ‘before’ and ‘after’ 

photographs.  

 
The results indicate that the placement of orthodontic brackets can cause changes in 

the soft tissue profile of patients. Statistically significant changes were found for four 

of the ten profile measurements that were investigated, namely the Nasolabial Angle, 

the Maxillo-Mandibular Contour, the Interlabial Angle and the Lower Lip Projection. 

 
It was also found that patients are able to perceive changes in their profiles brought 

about by the placement of orthodontic brackets, and that most are able to correctly 

recognise which photograph was taken after bracket placement. The majority of 

patients prefer the photographs of their profiles taken before bracket placement.  
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This study was conducted using a standardised orthodontic bracket. Future research 

may be carried out to compare profile changes occurring with other bracket systems. 

This may assist manufacturers in designing brackets that are more comfortable and 

acceptable for patients. 
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PREFACE  
 

 
In today’s world of mass marketing, media hype, extreme makeovers and patient 

demands, there has been a concerted drive by various parties to meet the challenge of 

designing an aesthetic orthodontic appliance.  Growing public demand for so called 

“invisible orthodontics” has seen a dramatic rise in the use of more aesthetic 

appliances or systems.  Invisalign®, lingual braces, ceramic or clear brackets are 

being offered to this growing group of discerning patients in an attempt to make 

orthodontic treatment more acceptable to them. 

 

Some manufacturers have responded to this demand by producing brackets which 

they claim to be smaller, less visible, lower profile and more comfortable for the 

patient.  However, no scientific literature exists to verify the claims made in 

advertisements that there are aesthetic benefits.  

 

The soft tissue profile, and its contribution to overall facial aesthetics, has been 

extensively documented in the literature. Various factors are widely known to cause a 

change in the soft tissue profile. However, little attention has been directed in the 

literature at the possible influence that the appliances themselves may have on the 

soft tissue profile of patients.  

 

Therefore, the purpose of this research is to investigate whether the placement of 

orthodontic brackets could be a further contributing factor to soft tissue profile 

changes. 
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This study will aim to quantify any changes in various angular and linear soft tissue 

profile measurements that may occur immediately after the placement of a 

predetermined type of orthodontic bracket of specific design, and to determine 

whether patients are able to perceive any changes in their own profile immediately 

post banding.  With today’s ever-increasing focus on appearance, any such changes 

may have bearing on psychological as well as sociological well-being.  

 

Future studies may be done in order to comparatively examine profile changes with 

differing bracket systems to validate or repudiate claims of aesthetic benefits made by 

the various manufacturers.  
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CHAPTER 1: LITERATURE REVIEW 
 

 
For years, orthodontists have studied the soft tissue contours of the faces of their 

patients and have recognised that, apart from creating a functional balanced 

occlusion, facial aesthetics should be an important outcome of orthodontic treatment. 

The soft tissue profile is an important factor to consider in its contribution to overall 

facial aesthetics.  

 

However, the principles of what exactly defines an aesthetic profile have been the 

source of much debate throughout the literature.  

 

Peck and Peck (1969, 1995) judged facial attractiveness to be the product of individual 

taste, shaped in part by cultural and popular trends, and influenced by racial and sex 

differences in facial form.  

 

Ricketts (1982) saw beauty in mathematical terms, and suggested that aesthetics could 

be made scientific, rather than having to resort to subjective perceptions and 

philosophical ideas. He applied the divine proportion (σ=1.618) to describe optimal 

facial aesthetics, a view opposed by Peck and Peck (1995). 

 

With the advent of the lateral cephalogram and cephalometric analysis, it became 

possible to assess the facial profile quantitatively. Lateral cephalometric head films 

became the cornerstone for diagnosis, treatment planning and prediction of hard and 

soft tissue responses to orthodontic treatment (Arnett and Bergman 1993). 
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Through the years, numerous authors have included soft tissue parameters in 

cephalometric analyses. Burstone (1958, 1967), Ricketts (1968), Lines, Lines and Lines 

(1978) and Holdaway (1983), amongst many others, have all contributed to the 

development of the various cephalometric soft tissue profile analyses commonly used 

today. 

 

More recently, Bergman (1999) presented a cephalometrically-based soft tissue facial 

analysis, examining 18 soft tissue profile measurements. In addition to quantifying 

each soft tissue trait, he described the effects of growth, orthodontic tooth movement 

and orthognathic surgery on each of these soft tissue measurements. 

 

However, reliance on cephalometric analysis alone for comprehensive orthodontic 

diagnosis and treatment planning can sometimes lead to certain shortcomings. 

Burstone (1958) recognised that the characteristics of soft tissue covering the teeth 

and bone can vary greatly. This can lead to problems in fully evaluating facial 

disharmony if the dento-skeletal pattern only is assessed, without consideration of the 

overlying soft tissue.  

 

Arnett and Bergman (1993) maintained that by using Frankfort Horizontal as a 

reference line in order to assess the facial profile, true facial appearance would not be 

portrayed due to an incorrect positioning of the head. Instead, they showed that if 

Natural Head Position (NHP) (postural horizontal) is used when assessing facial 

balance, true antero-posterior facial relations are seen, facilitating more reliable 

orthodontic and surgical treatment decisions. They felt that, as an ideal, the soft tissue 

profile of the patient should therefore be assessed in Natural Head Position. 
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NHP is a standardised orientation of the head in an upright posture with the eyes 

focused on a distant point that is at eye level. It is the head position that the patient 

would assume naturally (Lundström et al. 1992).  

 

As an adjunctive tool to cephalometrics, clinical photography has been incorporated 

into the evaluation and documentation of the soft tissue profile of the patient. Farkas, 

Bryson and Klotz (1980) assessed the reliability of photogrammetry of the face by 

evaluating 104 surface measurements taken directly from patients. Of these, 62 

landmarks could be duplicated on photographs but only 26 were found to be reliable, 

more on the lateral than on the frontal photographs. The greatest number of reliable 

measurements was in the area of the lips and mouth. 

 

In 1981, Farkas standardised the photographic technique and the taking of records in 

NHP. He developed a linear analysis of the soft tissue profile on photographic records, 

thereby facilitating the evaluation of variations in the facial profile of patients. 

 

Bishara et al (1995) and Cummins, Bishara and Jakobsen (1995) used standardised 

facial photographs, taken with the head orientated to Frankfort Horizontal plane, to 

assess the reliability of the photogrammetric technique. Their findings indicated that 

while the measurement of profile changes from photographs was quite reliable, it was 

also technique and operator sensitive. Moreover, they found that the identification of 

certain landmarks, such as subnasale and gnathion, was less consistent than others.    

 

Arnett and Bergman (1993) described an analysis of the soft tissue profile on 

photographic records taken with the patient in Natural Head Position (NHP). They used 



 6

19 facial traits in their examination of the facial profile, presenting a comprehensive 

approach to facial analysis. 

 

Fernández-Riveiro et al (2002) digitally analysed the soft tissue facial profile of a 

sample of young white adults by means of linear measurements made on standardised 

photographic records taken in NHP. They showed sexual dimorphism of certain facial 

features, such as labial, nasal, and chin areas. In 2003, they extended their study to 

include angular measurements. 

 

Nechala, Mahoney and Farkas (1999) compared three techniques of obtaining digital 

photographs, using direct anthropometry as a reference standard. They established 

that the accuracy achieved when using a digital camera, a 35-mm single lens reflex 

camera or a Polaroid camera (designed for medical documentation) was equivalent for 

angular and linear anthropometric measurements. 

 

It has been recognized that some variation does exist in the reproducibility of NHP 

(Lundström et al. 1992). Cooke and Wei (1988) investigated the clinical reproducibility 

of NHP while recording lateral cephalometric radiographs. They concluded that NHP 

was more reproducible when the patient looked at his/her reflection in a mirror 

(method error 1.9˚) than without the use of a mirror (method error 2.7˚). They also 

found an average variation of 1.9˚ between repeat radiographs (taken after four to ten 

minutes, and again after one to two hours), when a mirror and stabilising ear-posts 

were used.  

 

Üşümez and Orhan (2003) evaluated the reproducibility of sagittal (pitch) and 

transversal (roll) head positions in NHP, using an inclinometer. They found that the 
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error of the method after ten minutes for the sagittal measurement of NHP was 1.3˚, 

and that the method error after ten minutes for the transversal measurement of NHP 

was 0.9˚.  

 

Other authors have strived to ensure a more repeatable head position orientated to the 

Frankfort Horizontal plane. Soncul and Bamber (2000) achieved a repeatable head 

position in their study which utilised a three-dimensional soft tissue laser scan. By 

incorporating a spirit-level into their technical set-up, they ensured that the Frankfort 

Horizontal plane was parallel to the ground and that the head of the patient was 

stabilised in the lateral view. To ensure that the position of the head of the patient 

could be stabilised in the frontal view, a narrow beam of a longitudinal laser light was 

projected onto the patient’s facial midline. After digitisation of the scanned images, the 

co-ordinates of the landmarks were recorded, resulting in a highly reproducible head 

position. 

 

A further method of analysing the profile is through the use of silhouettes. A silhouette 

is a simplified representation of a profile. It allows assessment of the profile without 

factors that may influence perceptions of aesthetics, such as hair or skin complexion. 

Lines, Lines and Lines (1978) used silhouettes to determine preferences for facial 

profiles for males and for females. In 1985, results published by Barrer and Ghafari 

supported the use of the silhouette in the assessment of profiles. 

 

Overall, relying solely on one method of analysis in the assessment of the soft tissue 

profile can be problematic, as demonstrated by Fields, Vann and Vig in 1982. They 

investigated the clinical reliability of soft tissue profile analysis in children aged 8 and 

12, using only profile photographs and soft tissue outlines taken from profile 
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radiographs. They found that correct assessment of the underlying skeletal pattern 

was unreliable in this manner, regardless of the speciality training of the evaluator, 

indicating the need for the concurrent use of radiographs to correctly diagnose 

skeletal aberrations. 

 

Michiels and Sather (1994) compared the reliability of profile evaluations on lateral 

cephalograms and lateral photographs of an adult sample. Their results showed 

statistically significant differences in vertical and horizontal profile assessments based 

on these two methods. More subjects were considered by the judges to have an ideal 

Class I dento-skeletal relationship when the photographs were assessed than was 

shown in the cephalograms, indicating that soft tissue can camouflage an underlying 

dento-skeletal discrepancy.  

 

Furthermore, it must also be recognised that these profile analyses are merely two-

dimensional (2D) representations of three-dimensional (3D) structures. In light of this, 

Todd et al (2005) attempted to ascertain whether viewing two-dimensional or three-

dimensional images would affect perceptions of facial aesthetics. Their study, 

however, yielded too great a variation of results to allow validation of any difference 

between the 2D and 3D images. 

 

There are several factors that are widely known to cause a change in the soft tissue 

profile. These include tooth movement during orthodontic treatment (Yogosawa 1990, 

Valentim et al. 1994), tooth extractions (Kocadereli 2002, Bravo et al. 1997, Wholley and 

Woods 2003) and orthognathic surgery (Soncul and Bamber 2004).  
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Teitelbaum et al (2002) analysed the impact of dental and skeletal movements on soft 

tissue landmarks. They identified which soft tissue points would be displaced on 

moving each of the underlying dental or skeletal points, and were able to quantify the 

amount and direction of the resultant soft tissue displacement. 

 

A further factor resulting in soft tissue profile changes is growth of the underlying 

cranio-facial skeleton. 

 

Subtelny (1959) ascertained that the soft tissue nose continued to grow in a downward 

and forward direction from age 1 to 18 years. The bony and soft tissue chin also 

became more prominent in relation to the cranium, with growth continuing into late 

adolescence. 

 

Bishara et al (1998) investigated the soft tissue profile changes that occur as a result 

of growth between the ages of 5 and 45. While focusing on five commonly used soft 

tissue parameters, they also concluded that the soft tissue profile changes were 

similar for both females and males in size and direction, except that the changes 

occurred earlier in females (10-15 years) than in males (15-25 years). They also found 

that the upper and lower lips became significantly more retruded in relation to the E-

line between 15 and 25 years of age. 

 

Prahl-Andersen et al (1995) described the development of the soft tissues of the nose, 

lips and chin. They demonstrated sexual dimorphism for the upper lip in the vertical 

dimension, whereas for the lower lip, the differences in growth relative to gender were 

mostly found in the horizontal dimension. 
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In a 3-dimensional study of the normal growth and development of the lips, Ferrario et 

al (2000) established a data base for the quantitative description of lip morphology 

from childhood to adulthood. Their results also showed that females had almost 

reached adult dimensions in their linear lip dimensions by age 13 to 14, whereas in 

males large increases were still expected to occur. Also, they found that the upper lip 

reached adult dimensions quicker than the lower lip, especially in females. 

 

Genecov, Sinclair and Dechow (1989) found that antero-posterior growth, and thereby 

increase in the anterior projection of the nose, continued in both sexes after skeletal 

growth had diminished. While females had concluded a large portion of their nasal 

growth by age 12, males in contrast still exhibited anterior nasal growth until age 17, 

resulting in greater soft tissue dimensions.  

 

Formby, Nanda and Currier (1994) showed that soft tissue changes in the lips, nose 

and chin continued in both males and females even after the age of 25 years. 

 

In essence, any profile analysis is primarily an evaluation of the soft tissue adaptation 

to the underlying skeleton. Therefore, it must be recognised that skeletal 

characteristics, the soft tissue tone and the posture of the facial musculature are 

further factors that can affect the profile. However, Holdaway (1983) recognised that 

soft tissues vary in thickness over different parts of the facial skeleton. Consequently, 

the outline of the soft tissue profile does not necessarily correspond well with the 

underlying skeletal framework.  

 

By studying radiographs periodically obtained from of a sample of patients from 3 

months to 18 years of age, Subtelny (1959) established that the correlation between the 
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growth of hard and soft tissues is not strictly linear. Furthermore, soft tissue growth is 

quite independent of underlying skeletal tissues. While the convexity of the underlying 

skeletal profile tended to decrease with age, the convexity of the total soft tissue 

profile tended to increase.  

 

Kasai (1998) found that all aspects of the soft tissue profile do not directly reflect 

changes in the underlying skeletal structure during orthodontic treatment. Some parts 

of the soft tissue profile (stomion, labiale inferius) show strong associations with the 

changes in the underlying skeletal structures, whereas other parts (labiale superius) 

tend to be more independent of the changes in the skeletal structures. He conceded 

that, in addition to variations caused by general imbalances of the dental and skeletal 

structures, there are also individual variations in the thickness and tension of the soft 

tissues. 

 

Saxby and Freer (1985) investigated the correlations between hard and soft tissue 

reference points. They found a strong relationship between the angulation and 

horizontal position of the upper incisors and soft tissue variables, suggesting that they 

are very important determinants of the associated soft tissue morphology. They also 

found that the anteroposterior position of the lower incisors influenced the horizontal 

position of soft tissue B-point and the lower lip convexity. In contrast, they found that 

the angulation of the lower incisors seemed to bear very little relation to the overlying 

soft tissue morphology. Furthermore, they also found that the ANB angle and point-A 

convexity both strongly related to the overlying soft tissue outline. 

 

The role of muscle forces on the soft tissue profile in response to changes must also 

not be overlooked. Oliver (1982) investigated the influence of upper lip strain and lip 
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thickness on the relationship between dental, skeletal and integumental profile 

changes in orthodontically treated patients. Significant correlations were found 

between incisor changes and lip vermillion changes in patients with high lip strain, but 

the relationships were found to be insignificant in those with low lip strain.  He also 

concluded that patients with thin lips showed greater correlations between skeletal 

changes and soft tissue changes than those with thick lips.  

 

The type of underlying malocclusion present also has a part to play in determining the 

pressures from the lips on the teeth. Thüer and Ingervall (1986) investigated the 

relationship between lip strength and lip pressure (pressure from the lips on the teeth) 

in children with various types of malocclusions. Using a dynamometer, they found that 

lip strength was lower in patients with an Angle Class II Division 1 malocclusion than 

in those with a Class I malocclusion. The lip pressure on the upper incisors was also 

higher in Class II Division 1 than in Class I malocclusions, and lowest in those with a 

Class II Division 2 malocclusion. Their findings therefore suggested that the pressure 

from the lips on the teeth is as a result of the incisor position. 

 

In his Master’s thesis in 1983, Lin evaluated the soft tissue profile changes that 

occurred as a result of the removal of orthodontic brackets. His study was comprised 

of a cephalometric comparison of the lip contour before and immediately after 

debonding at the end of orthodontic treatment. Lin found no significant changes in lip 

posture, which he attributed to the inherent yield of the soft tissues to the underlying 

appliance. While the sample as a whole demonstrated no statistically significant 

changes between lip postures with and without the presence of the brackets, a 

considerable variation in response was observed within the group. More than half of 

his patients showed a small increase in lip thickness after debonding. Considering that 
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the radiographs were taken with the patient’s lips lightly touching, some initial lip 

strain may have been present, which was released with the removal of the brackets. 

According to Lin, this may have accounted for the thickening of the lips in these 

patients. 

 

Facial appearance during orthodontic treatment is a consideration that may directly 

influence a patient’s decision to commence with treatment. The presence of the 

appliance itself may have immediate aesthetic implications for the patient. While other 

factors that cause soft tissue profile changes have been extensively documented, 

minimal consideration has been given to the possible influence that the appliances 

themselves may have on the profile during treatment. This study will therefore quantify 

the soft tissue profile changes that may occur with the placement of orthodontic 

brackets.  
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CHAPTER 2: MATERIALS AND METHODS  
 
 

OUTLINE OF EXPERIMENT:  
 
 

The purpose of this study is to measure soft tissue profile changes that may be caused 

by the placement of orthodontic brackets. 

 

The study will also assess whether patients are able to notice a difference in their 

profiles after the placement of these brackets, and questions which profile is preferred. 

 

Right lateral photographs were taken of the subjects before and directly after the 

placement of orthodontic brackets, using a standardised photographic technique. 

These were then printed (15cm x 11cm in size), using a colour laser printer (HP 3800 

dn), and shown to the patient. They were then asked several standard questions about 

their ‘before’ and ‘after’ profiles, and their responses were recorded on a data 

collection form (Appendix A). 

 

The ‘before’ and ‘after’ photographs were also downloaded onto a computer, and 

analysed using Corel Draw X3® Graphics Suite. A series of angular and linear soft 

tissue measurements were performed on these photographs. The two sets of data 

thereby obtained were then compared.  
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SAMPLE: 

 

The sample consisted of 33 consecutive patients, between the ages of 8 and 22 years, 

receiving full upper and lower arch bonding as part of their orthodontic treatment. No 

cognisance was taken of the type of malocclusion being treated, or of the race of the 

patient. Eleven male and 22 female patients were photographed for this study. The 

same orthodontic bracket system was used for all patients (Nu-Edge 0.018, TP 

Orthodontics).  

 

Patients excluded from the study were: 

• Those with beards or moustaches as it would not be possible to accurately 

identify some soft tissue points.  

• Those receiving other bracket types, including ceramic brackets or lingually 

positioned brackets. 

• Those wearing spectacles as it would not be possible to accurately identify 

some soft tissue points, such as Nasion. 

 

The purpose and methods of the research was explained to each patient and their 

parent/ guardian, and informed consent was obtained. Each subject was made aware 

that participation was entirely voluntary and that they could withdraw at any time 

during the research process.  

 

Ethical approval for this research was granted by the Human Research Ethics 

Committee, University of the Witwatersrand (Appendix B). The decision of the 

Committee was that this research was ‘unconditionally approved’.  
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MATERIALS AND METHODS 
 
 

Various studies that have made use of Natural Head Position have been presented in 

the literature. For the purposes of this study, it was deemed desirable to have a 

repeatable head position for the ‘before’ and ‘after’ photographs. Therefore, it was 

decided not to use Natural Head Position for patient posturing but to try to adhere to 

the same prescribed conditions before and after the banding. The technical set-up as 

described below provided a fixed and consistently repeatable positioning of the head, 

as has been statistically proven. 

 

This study makes use of a non-invasive photographic technique to analyse profile 

changes.  

 

Patients were informed of the purpose of the study and that photographs would be 

taken of their profiles before and after the placement of the orthodontic brackets. 

Patients were however not informed that they would be asked questions about their 

‘before’ and ‘after’ profiles so as not to influence their possible responses. Once 

informed consent had been obtained, a small mark (dot) was drawn onto the patient’s 

cheek with water soluble ink. 

 

The photographic set-up employed the use of a Cephalostat (in this case an Asahi 

Auto III NCM X-Ray Unit), which is standard equipment in most orthodontic practices, 

to ensure consistency in repositioning the patient. The fixed ear pieces were placed 

into the patient’s external auditory meatuses in order to stabilise the head in the 

transversal plane. In order to ensure repeatable sagittal positioning of the head 

between successive photographs, a red laser pointer was directed at the mark which 
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had been drawn onto the patient’s cheek. This ensured that the patient’s head was 

placed in the identical position for pre- and post-banding photographs. The patient 

was asked to close his/her eyes whenever the red laser light was used to eliminate the 

risk of any possible damage to the eyes.  

 

A right lateral profile photograph was taken using a Minolta Dimage V digital camera at 

1200 x 1600 d.p.i resolution, which was placed on the chin-rest of the Pan/Ceph 

machine at a fixed distance of 115 cm from the patient. This distance was measured 

from the lens of the camera to the midsaggital plane of the patient. Photographs were 

taken in an environment with good lighting to prevent shadow formation. The red laser 

light source was also placed on the chin rest, at a fixed position of 115 cm from the 

midsaggital plane of the patient. A ruler was fixed on the forehead support of the 

Cephalostat in the mid-sagittal plane, anterior to the patient’s face, to facilitate 

standardisation of the magnification and to assist with any linear measurements on the 

photographs. 
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Figure 2.1: Photographic set-up 
 

 
Photographs were taken with the patient’s lips in repose and with the mandible at rest. 

A relaxed lip position can be obtained by asking the patient to relax whilst the operator 

gently strokes the lips (Arnett, Bergman 1993). Relaxed lip position is important in 

accurate evaluation of soft tissues, as it demonstrates the soft tissues relative to the 

hard tissues without muscular compensation. It was decided not to take photographs 

with the patient in centric occlusion due to the possible interference of the brackets or 

cement, which may have been placed on molars to open the bite, that could confound 

consistency of measurements were the patients placed in occlusion. 

 

After the pre-bonding photograph had been taken, the patient was removed from the 

photographic set-up, and the full upper and lower fixed appliances were placed. The 

patient was then repositioned into the photographic set-up for the post-bonding 

photograph. The ear rods were placed into their external auditory meatuses in order to 

stabilise the head in the correct transversal plane. The red laser pointer was switched 

115cm

Cephalostat

Fixed Ear Rods 
Background 
(with ruler) Digital 

Camera 

Red Laser 
 Pointer 
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on, and the patient’s head orientated in the sagittal plane so that the red light shone 

directly onto the mark on the patient’s cheek. A post-bonding photograph was then 

taken. For the post-bonding photographs, a small and unobtrusive marker was placed 

in the photographic field (on the ear-rod closest to the camera), which allowed the 

operator to correctly identify the ‘before’ and ‘after’ photographs. This marker was 

placed at such a time that it would not be brought to the patient’s attention. 

 

After the banding, the images were transferred from the digital camera onto a 

computer and printed for viewing by the patient.  Patients were shown their two 

photographs, taken before and after the bonding, and their responses to a standard 

questionnaire were recorded.  Considering that both sets of photographs were taken 

on the same day, the chances that the patient would be able to recognise the ‘before’ 

and ‘after’ photographs (e.g. due to different hairstyles or clothing) were eliminated.  

 
All of the photographs collected in this manner were saved on the computer for later 

analysis. 
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ANALYSIS OF THE PHOTOS: 
 

 
Measurements on both pre- and post-bonding photographs were performed using 

Corel Draw X3® Graphics Suite, a computer software program. On each photograph, 

the following standard soft tissue profile points were identified: 

 
Table 2.1: Soft tissue points used in this profile analysis (Burstone 1958) 
 
ABBREVIATION SOFT TISSUE POINT DESCRIPTION 
G Glabella The most anterior point 

of the middle line of the 
forehead 

N Nasion The most posterior point 
at the root of the soft 
tissue nose in the 
median plane 

SN Subnasale The point at which the 
nasal septum merges 
with the upper 
cutaneous lip in the mid-
sagittal plane 

A’ Soft tissue A-point The greatest concavity 
of the upper lip between 
Subnasale and Labiale 
Superius 

B’ Soft tissue B-point The point of greatest 
concavity of the lower 
lip, between Labiale 
Inferius and Soft tissue 
Pogonion 

Ls Labiale Superius The point that indicates 
the mucocutaneous limit 
of the upper lip  

Li Labiale Inferius The point that indicates 
the mucocutaneous limit 
of the lower lip 

Pg’ Soft tissue Pogonion The lowest and most 
anterior point on the soft 
tissue chin, in the mid-
sagittal plane 
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Figure 2.2: Landmarks used in this photographic soft tissue profile analysis 
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On each profile photograph, the following series of eight angular and two linear 

measurements were made and recorded, using the angular and horizontal dimension 

tools of Corel Draw X3® Graphics Suite: 

 
Angular measurements: 
 

1. Profile Angle  
2. Nasolabial Angle 
3. Maxillary Sulcus Contour 
4. Mandibular Sulcus Contour 
5. Labio-Mandibular Contour 
6. Maxillo-Mandibular Contour 
7. Interlabial Angle 
8. Maxillo-Facial Angle 
 

Linear measurements: 
 

9. Upper lip projection 
10. Lower lip projection 

 
 
1. Profile Angle (G-SN-Pg’) 
 
 
  

           
Figure 2.3 

 

 
 
 
The profile angle is formed by 
connecting Soft tissue Glabella, 
Subnasale and Soft tissue Pogonion. 
This angle evaluates general harmony 
of the forehead, midface and lower 
face. It is used to estimate the 
anteroposterior positioning of the 
maxilla and mandible. 
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2. Nasolabial Angle  
 
 
              

 
Figure 2.4 

 

 
 
 
The angle formed by the intersection 
of lines drawn from Subnasale to the 
greatest tangent of the columella of 
the nose, and from Subnasale to 
Labiale Superius. The cosmetically 
desirable range for the nasolabial 
angle is 85˚ to 105˚ (Arnett, Bergman 
1993). 
 

 
 
3. Maxillary Sulcus Contour (SN-A’-Ls) 
 
 
        

                   
Figure 2.5 

 

 
 
 
The contained angle formed by the 
intersection of subnasal (SN-A’) and 
superior labial components (A’-Ls). 
This measurement gives information 
regarding upper lip tension. 
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4. Mandibular Sulcus Contour (Li-B’-Pg’) 
 
 
     

                    
Figure 2.6 

 

 
 
 
The contained angle formed by the 
intersection of inferior labial (Li-B’) 
and supra-mental (B’-Pg’) 
components. This measurement gives 
information regarding lower lip 
tension. 
 
 
 

 
 
5. Labio-Mandibular Contour (Ls-Li-Pg) 
 
 
        

                     
Figure 2.7 

 

 
 
 
The contained angle formed by the 
intersection of interlabial (Ls-Li) and 
mandibular (Li-Pg’) components. 
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6. Maxillo-Mandibular Contour (SN-Ls-Li-Pg’) 
 
 
       

                
Figure 2.8 

 

 
 
 
The angle formed by the intersection 
of the maxillary (SN-Ls) and 
mandibular (Li-Pg’) components. 
 
 
 
 
 

 
 
7. Interlabial Angle  
 
 
                

             
Figure 2.9 

 

 
 
 
The contained angle formed by the 
intersection of lines drawn from A’ to 
Ls, and from Li to B’. 
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8. Maxillo-Facial Angle (SN-N-Pg’) 
 
 
       

               
Figure 2.10 

 

 
 
 
The Maxillo-facial angle is formed by 
connecting Nasion, Subnasale and 
Soft tissue Pogonion. This angle 
relates the upper lip to the chin. This 
could be regarded as the soft tissue 
equivalent of skeletal angle of “ANB”. 
 
 
 
 

 
 
9. Upper Lip Projection 
 
 
        

              
Figure 2.11 

 

 
 
 
The distance of Ls from a line joining 
SN and Pg’. Burstone (1967) reported 
as a reference mean that the upper lip 
is in front of this line by 3,5mm ± 
1,4mm. 
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10. Lower lip Projection 
 
 
       

               
Figure 2.12 

 

 
 
 
The distance of Li from a line joining 
SN and Pg’. Burstone (1967) reported 
as a reference mean that the lower lip 
is in front of this line by 2,2mm ± 
1,6mm. 
 
 
 
 

 
 
Figures 2.3 to 2.12: Profile measurements (Burstone 1958, Arnett and Bergman 1993) 
 

 
Each of the above measurements was repeated twice for each pre-bonding and post-

bonding photograph, with the second measurement being taken immediately after the 

first. Where there was a deviation of more than 0.3 degrees or 0.3 millimetres between 

the first and second measurements, a third measurement was taken in order to ensure 

accuracy of the results. This data was then saved for later statistical analysis, where 

an average of the two or three measurements would be used to calculate any 

differences between pre-bonding and post-bonding readings. 

 

The level of precision for the measurements was set to the first decimal point, or 0.0 

degrees or millimetres. 

 

In order to standardise the size of the photographs, a magnification factor was 

computed so that each photograph was analysed at the same size. 
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Relative magnification of the image on the photographs was standardised to 0.85. This 

was done by measuring the one centimeter demarcation on the ruler in the background 

of the photograph (the apparent length of an object), and dividing it by one centimeter 

(the actual length of an object). The magnification was then calculated using the 

following formula: 

 

Magnification = Apparent length of an object (L) 
      Actual length of an object (m)  
 

Where the magnification of the photographs was not 0.85, the zoom level in the 

software program was adjusted until the magnification of 0.85 had been achieved for 

all photographs. 
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STATISTICAL CONSIDERATIONS: 
 

 
1. Sample Size 

 
The recommended sample size of 33 patients was calculated by a biostatistician, and 

was determined in order to meet with a desired and scientifically meaningful accuracy, 

set equal to one-third standard deviation. The 95% confidence interval was based on 

the large sample Z-statistic.  

 

2. Data Analysis 

 
Before quantifying the changes that take place, it was established whether these 

changes were related to the age of the patient. Should a relationship not exist, 95% 

confidence intervals would be calculated for the ten parameters being investigated. 

However, if a relationship with age did exist, 95% confidence bands around the 

regression lines of the parameters and age would be calculated. Sample size is such 

that accuracy is at least as good as desired. 
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CHAPTER 3: RESULTS AND STATISTICAL ANALYSIS 
 

 
ERROR OF THE METHOD: 
 

1. Repeatability of positioning of head 
 

A pilot study was conducted to judge some of the possible outcomes and values, and 

to refine the technical set-up of equipment. Initially, three patients were photographed 

before and after banding, and it was noted on visual inspection that there appeared to 

be changes in the soft tissue profile.  

 

However, some variation in head position was noted between the before and after 

photographs. Initially use had been made of only the ear pieces to stabilise the head in 

the transversal plane. This was not a repeatable head position, and the method was 

therefore refined, incorporating the facial marker and red laser light system into the 

technical set-up.  

 

Subsequently, nine patients were sequentially positioned in the Cephalostat in the 

method as described above, including the use of the red laser light. After being 

photographed, each patient was removed from the Cephalostat, then repositioned and 

photographed again. Using Corel Draw X3® Graphics Suite, four of the ten profile 

measurements were performed twice on each of the photographs. These data were 

used to assess the repeatability of the positioning of the patient’s head.  

 

Repeatability can be evaluated by means of the Intraclass Correlation Coefficient 

(Lachin 2004). This is calculated following a One-way analysis of variance, with the 

nine patients being the nine levels of this single factor study design where two 
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observations are made for each patient. Using the One-way analysis, patients can also 

be viewed either as fixed or as random samples, with the latter being a more realistic 

reflection of repeatability.  

 

Table 3.1 summarises the Intraclass Correlation Coefficients for the four profile 

measurements under study: 

 
Table 3.1: Intraclass Correlation Coefficients for profile measurements (Intra-observer) 
 

 
Intraclass Correlation Coefficients 

 
 
Profile measurement Fixed Effect 

Modelling 
Random Effect 

Modelling 
 
Profile Angle 
 

 
0.99787 

 
0.8866244 

 
Nasolabial Angle 
 

 
0.99840 

 
0.8871845 

 
Maxillary Sulcus Contour 
 

 
0.99329 

 
0.8817609 

 
Mandibular Sulcus Contour 
 

 
0.99959 

 
0.8884571 

 
 
 

Since the maximum value for the Intraclass Correlation Coefficient is 1, the values for 

fixed effect modelling reflect good repeatability of positioning of the patient’s head. 

When the patients were viewed as random samples for the One-way analysis, the 

Intraclass Correlation Coefficient was slightly lower, but was still within highly 

acceptable ranges.  

 

To put this data into further perspective, Figures 3.1 to 3.4 represent the agreement 

between first and second observations in relation to the ‘line of perfect agreement’ (45 

degrees): 
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Figure 3.1: Scatter diagram of Profile Angle: First versus Second Observation 
 

 
 
Figure 3.2: Scatter diagram of Nasolabial Angle: First versus Second Observation 
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Figure 3.3: Scatter diagram of Max Sulcus Contour: First versus Second Observation 
 

 
 
Figure 3.4: Scatter diagram of Mand Sulcus Contour: First versus Second Observation 
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2. Repeatability of measurements 
 

Inter-observer agreement was also measured using the Intraclass Correlation 

Coefficient. Two independent operators measured the Profile Angle twice on a 

randomised sample of 15 photographs. High agreement was found, as demonstrated in 

Table 3.2, indicating that measurements were able to be accurately repeated. 

 

Table 3.2: Intraclass Correlation Coefficients for profile measurements (Inter-observer) 
 

 
Intraclass Correlation Coefficient 

 
Operator 
 Fixed Effect 

Modelling 
Random Effect 

Modelling 
 
Operator 1 
 

 
0.99944 

 
0.932749 

 
Operator 2 
 

 
0.99922 

 
0.9325294 

 
 

The following scatter diagram (Figure 3.5) displays the measurements taken by 

Operator 1 versus the measurements by Operator 2: 
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Figure 3.5: Scatter diagram of Profile Angle: Operator 1 versus Operator 2 
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STATISTICAL ANALYSIS OF PROFILE MEASUREMENTS 
 

By comparing the ‘before’ and ‘after’ readings for the ten profile measurements, it was 

established that the changes were not associated with the ages of the patients. 

Readings for each of the ten profile measurements taken before and after banding 

were therefore compared using the Student’s paired t-test, the results of which are 

summarised in Table 3.3 below.  

Table 3.3: Comparison of profile measurements before and after banding for whole 
group 
 

 
Change after banding 

 
Profile 

Measurement 
 

 

 
Before 

banding 
 

Mean (SD) 
 

 
After banding 
 

 
Mean (SD) 

 
Mean (SD) 

95% 
Confidence 

Interval 

 
P-Value * 

1. Profile  
Angle (˚) 
 

 
164.71 (5.25) 

 
164.90 (5.14) 

 
 0.19 (1.63) 

 
(-0.39; 0.76) 

 
0.5142 

2. Nasolabial 
Angle (˚) 
 

 
110.62 (11.54) 

 
108.83 (11.55) 

 
-1.79 (3.38) 

 
(-2.99; -0.60) 

 
0.0046* 

3. Maxillary 
Sulcus  
Contour (˚) 

 
157.23 (12.50) 

 
156.71 (14.17) 

 
-0.52 (6.27) 

 
(-2.74; 0.70) 

 
0.6372 

4. Mandibular 
Sulcus  
Contour (˚) 

 
122.06 (14.27) 

 
123.12 (13.36) 

 
1.06 (8.98) 

 
(-2.13; 4.24) 

 
0.5029 

5. Labio-
Mandibular 
Contour (˚) 

 
170.95 (6.22) 

 
170.82 (7.76) 

 
-0.14 (7.99) 

 
(-2.97; 2.69) 

 
0.9222 

6. Maxillo-
Mandibular 
Contour (˚) 

 
26.38 (12.14) 

 
29.98 (13.51) 

 
3.59 (6.47) 

 
(1.30; 5.88) 

 
0.0032* 

7. Interlabial 
Angle (˚) 
 

 
107.20 (16.62) 

 
103.10 (16.96) 

 
-4.10 (7.84) 

 
(-6.88; -1.32) 

 
0.0052* 

8. Maxillo-
Facial Angle (˚) 
 

 
9.91 (2.99) 

 
9.96 (2.82) 

 
0.05 (1.06) 

 
(-0.32; 0.43) 

 
0.7703 

9. Upper Lip 
Projection 
(mm) 

 
8.78 (3.09) 

 
9.07 (3.05) 

 
0.29 (1.37) 

 
(-0.19; 0.78) 

 
0.2299 

10. Lower Lip 
Projection 
(mm) 

 
4.01 (4.42) 

 
5.18 (4.73) 

 
1.17 (1.90) 

 
(0.49; 1.84) 

 
0.0013* 

 
* P< 0.05 denotes a statistically significant change 
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When the sample was viewed as a whole (male and female patients together), the 

results indicate that in this study the placement of orthodontic brackets caused 

statistically significant changes in the Nasolabial Angle, Maxillo-Mandibular Contour, 

Interlabial Angle and Lower Lip Projection. This is indicated by a P-value of less than 

0.05. 

 

The Nasolabial Angle showed an average decrease of 1.79 degrees after the placement 

of brackets, while the Maxillo-Mandibular Contour showed an average increase of 3.59 

degrees. The Interlabial Angle decreased by a mean of 4.1 degrees after bracket 

placement. Lower Lip Projection demonstrated an average increase of 1.17 millimeters. 

 

No statistically significant changes were found to occur for the remaining six 

parameters. 

 

Statistical analysis was also undertaken to determine whether the sex of the patient 

had an influence on soft tissue changes. Readings for each of the ten profile 

measurements taken before and after banding were therefore also compared for male 

and female patients using the Student’s paired t-test, the results of which are 

summarised in Tables 3.4 and 3.5 below.  
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Table 3.4: Comparison of profile measurements before and after banding for female 
patients  
 

 
Change after banding 

 
Profile 

Measurement 
 

 

 
Before 

banding 
 

Mean (SD) 
 

 
After banding 
 

 
Mean (SD) 

 
Mean (SD) 

95% 
Confidence 

Interval 

 
P-Value * 

1. Profile  
Angle (˚) 
 

 
165.73 (4.74) 

 
165.60 (4.69) 

 
-0.12 (1.63) 

 
(-0.85; 0.60) 

 
0.7238 

2. Nasolabial 
Angle (˚) 
 

 
112.29 (7.81) 

 
110.80 (7.26) 

 
-1.49 (3.01) 

 
(-2.83; -0.16) 

 
0.0300* 

3. Maxillary 
Sulcus  
Contour (˚) 

 
157.19 (9.39) 

 
157.70 (12.01) 

 
0.52 (6.57) 

 
(-2.39; 3.43) 

 
0.7151 

4. Mandibular 
Sulcus  
Contour (˚) 

 
123.01 (14.71) 

 
125.35 (14.05) 

 
2.25 

(10.04) 

 
(-2.20; 6.70) 

 
0.3050 

5. Labio-
Mandibular 
Contour (˚) 

 
171.32 (6.11) 

 
170.45 (8.55) 

 
-0.86 (7.36) 

 
(-4.13; 2.40) 

 
0.5873 

6. Maxillo-
Mandibular 
Contour (˚) 

 
24.71 (11.13) 

 
29.14 (12.91) 

 
4.43 (4.74) 

 
(2.32; 6.53) 

 
0.0003* 

7. Interlabial 
Angle (˚) 
 

 
107.37 (17.45) 

 
104.38 (16.95) 

 
-2.99 (8.31) 

 
(-6.68; 0.69) 

 
0.1055 

8. Maxillo-
Facial Angle (˚) 
 

 
9.36 (2.68) 

 
9.51 (2.45) 

 
0.16 (1.03) 

 
(-0.30; 0.61) 

 
0.4830 

9. Upper Lip 
Projection 
(mm) 

 
7.97 (2.45) 

 
8.70 (2.67) 

 
0.74 (1.26) 

 
(0.18; 1.30) 

 
0.0122* 

10. Lower Lip 
Projection 
(mm) 

 
3.38 (4.21) 

 
4.74 (4.85) 

 
1.36 (1.51) 

 
(0.69; 2.03) 

 
0.0004* 

 
* P< 0.05 denotes a statistically significant change 
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Table 3.5: Comparison of profile measurements before and after banding for male 
patients  
 

 
Change after banding 

 
Profile 

Measurement 
 

 

 
Before 

banding 
 

Mean (SD) 
 

 
After banding 
 

 
Mean (SD) 

 
Mean (SD) 

95% 
Confidence 

Interval 

 
P-Value * 

1. Profile  
Angle (˚) 
 

 
162.69 (5.86) 

 
163.49 (5.93) 

 
0.81 (1.51) 

 
(-0.20; 1.82) 

 
0.1056 

2. Nasolabial 
Angle (˚) 
 

 
107.28 (16.71) 

 
104.89 (17.05) 

 
-2.40 (4.12) 

 
(-5.16; 0.37) 

 
0.0825 

3. Maxillary 
Sulcus  
Contour (˚) 

 
157.33 (17.74) 

 
154.74 (18.25) 

 
-2.59 (5.29) 

 
(-6.15; 0.96) 

 
0.1351 

4. Mandibular 
Sulcus  
Contour (˚) 

 
119.98 (13.78) 

 
118.66 (11.11) 

 
-1.32 (6.10) 

 
(-5.42; 2.77) 

 
0.4883 

5. Labio-
Mandibular 
Contour (˚) 

 
170.23 (6.69) 

 
171.55 (6.19) 

 
1.32 (9.32) 

 
(-4.94; 7.58) 

 
0.6488 

6. Maxillo-
Mandibular 
Contour (˚) 

 
29.73 (13.90) 

 
31.65 (15.14) 

 
1.92 (9.06) 

 
(-4.16; 8.01) 

 
0.4974 

7. Interlabial 
Angle (˚) 
 

 
106.86 (15.62) 

 
100.54 (17.50) 

 
-6.31 (6.63) 

 
(-10.77;       
-1.85) 

 
0.0102* 

8. Maxillo-
Facial Angle (˚) 
 

 
11.02 (3.39) 

 
10.87 (3.40) 

 
-0.15 (1.15) 

 
(-0.92; 0.62) 

 
0.6748 

9. Upper Lip 
Projection 
(mm) 

 
10.40 (3.68) 

 
9.80 (3.74) 

 
-0.60 (1.17) 

 
(-1.38; 0.19) 

 
0.1211 

10. Lower Lip 
Projection 
(mm) 

 
5.27 (4.77) 

 
6.05 (4.57) 

 
0.78 (2.56) 

 
(-0.94; 2.50) 

 
0.3377 

 
* P< 0.05 denotes a statistically significant change 
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When the profile measurements for female patients were analysed separately, the 

results indicate that the placement of orthodontic brackets cause statistically 

significant changes in the Nasolabial Angle, Maxillo-Mandibular Contour, Upper Lip 

Projection and Lower Lip Projection.  

 

The Nasolabial Angle decreased by a mean of 1.49 degrees after the placement of 

orthodontic brackets in female patients, while the Maxillo-Mandibular Contour 

increased on average by 4.43 degrees. The mean Upper Lip Projection and mean 

Lower Lip Projection increased by 0.74 and 1.36 millimeters respectively. 

 

When the profile measurements for male patients in this sample were analysed 

separately, the data indicate that the placement of orthodontic brackets result in 

statistically significant changes only in the Interlabial Angle.  

 

The mean Interlabial Angle showed a decrease in 6.31 degrees in the male patients. 

 

A summary of the resultant change in each of the profile measurements after the 

placement of orthodontic brackets for the group as a whole, for female patients and for 

male patients is illustrated in Table 3.6. 
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Table 3.6: Summary of resultant change in each profile measurement after banding 
 

 
Profile Measurement 

 
 

 
Whole Group 

 
Female Patients 

 
Male Patients 

1. Profile 
Angle (˚) 
 

 
Increased 

 
Decreased 

 
Increased 

2. Nasolabial  
Angle (˚) 
 

 
Decreased* 

 
Decreased* 

 
Decreased 

3. Maxillary Sulcus 
Contour (˚) 
 

 
Decreased 

 
Increased 

 
Decreased 

4. Mandibular Sulcus 
Contour (˚) 
 

 
Increased 

 
Increased 

 
Decreased 

5. Labio-Mandibular 
Contour (˚) 
 

 
Decreased 

 
Decreased 

 
Increased 

6. Maxillo-Mandibular 
Contour (˚) 
 

 
Increased* 

 
Increased* 

 
Increased 

7. Interlabial  
Angle (˚) 
 

 
Decreased* 

 
Decreased 

 
Decreased* 

8. Maxillo-Facial 
Angle (˚) 
 

 
Increased 

 
Increased 

 
Decreased 

9. Upper Lip 
Projection (mm) 
 

 
Increased 

 
Increased* 

 
Decreased 

10. Lower Lip 
Projection (mm) 
 

 
Increased* 

 
Increased* 

 
Increased 

 
* denotes a statistically significant change 
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RESULTS OF PATIENT QUESTIONNAIRES 
 
 

Patient responses to the standard questionnaire were also evaluated, the results of 

which are summarised in Table 3.7.  

 
Table 3.7: Results of Patient Responses to Questionnaire 
 
 
Which photograph did 
the patient prefer? 
 

 
26 said Photograph 
A 
 
(79%) 

 
6 said photograph B 
 
(18%) 

 
1 said Neither 
 
 
(3%) 

 
Could the patient see 
a difference between 
the two photographs? 
 

  
30 said YES 
 
(91%) 

 
3 said NO 
 
(9%) 

 

 
Could the patient see 
a difference in their 
profile? 
 

 
26 said YES 
 
(79%) 

 
7 said NO 
 
(21%) 

 

 
Which photograph did 
the patient think was 
taken AFTER the 
bands were placed? 
 

 
11 said Photograph 
A 
 
(33%) 

 
21 said Photograph 
B 
 
(64%) 

 
1 was Not Sure 
 
 
(3%) 

 
Photograph A = Taken before bracket placement 
 
Photograph B = Taken after bracket placement 
 
 

The results of the patients’ responses to the questionnaire indicate that the majority of 

patients preferred the photograph taken before the placement of orthodontic brackets. 

Almost all the patients could notice a difference between the ‘before’ and ‘after’ 

photographs. Most could also notice a difference specifically in their profiles between 

the two photographs. The majority of patients were able to correctly recognise which 

photograph was taken after bracket placement. 
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When asked what differences, if any, they were able to notice in their profile between 

the two photographs, most patients focused on the lip, chin and cheek areas when 

answering this question. Many patients felt that their lips were ‘fuller’ or more ‘swollen’ 

in the photograph taken after banding. Another common response was that the cheek 

and chin areas were ‘fuller’ on this photograph. Others also felt that their profiles were 

more ‘prominent’ on the ‘after’ photograph.  
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CHAPTER 4: DISCUSSION 
 

 
The results from this study have shown that the placement of orthodontic brackets is a 

contributing factor to soft tissue profile changes. Statistically significant changes were 

demonstrated for the sample as a whole in four of the ten profile measurements 

investigated, namely Nasolabial Angle, Maxillo-Mandibular Contour, Interlabial Angle 

and Lower Lip Projection. 

 

A standardised orthodontic bracket type was used for all patients, namely the Nu-Edge 

0.018 bracket (TP Orthodontics). Various reasons may be considered to explain the 

otherwise minimal influence that the presence of the appliance itself has had on the 

remaining six profile measurements. 

 

Holdaway (1983) ascertained that soft tissues vary in thickness over different parts of 

the underlying skeletal framework. This is relevant in this study, as cognisance must 

be taken of the fact that patients with thicker soft tissues, such as the lips, may show 

less soft tissue profile changes after the placement of brackets than those with thinner 

tissues. The yield of the soft tissues as they ‘mould’ to the underlying appliance may 

be greater in patients with thicker tissues. 

 

Muscle forces may have also played a role in determining the response of the soft 

tissues to the orthodontic brackets. Oliver (1982) demonstrated that the postural tone 

of soft tissues can cause a variation in the response to hard tissue changes. He found 

that greater changes in the lip area occurred in patients with high lip strain, but were 

found to be less significant in those with low lip strain.  Patients with high lip strain 



 45

may for that reason have demonstrated more soft tissue changes as a result of the 

placement of the brackets. 

 

It is recognised therefore that both individual soft tissue thickness and passive muscle 

tone are underlying factors that may have influenced the results of this current study. 

In order to eliminate active muscle tension, patients were asked to relax their lips while 

being photographed, which would hopefully have decreased the possible influence of 

further lip strain on the results. 

 

Incisor position has also been shown to be an important factor in determining the 

pressures exerted by the lips on the teeth (Thüer, Ingervall 1986). Bearing this in mind, 

it may therefore be considered that patients with a Class II Division 1 discrepancy, 

whose upper lip pressure on the upper incisors is great, may show greater soft tissue 

profile changes to alterations in the underlying dento-skeletal framework. The type of 

malocclusion that the patient presented for was not recorded in this study. 

Malocclusion type may have had direct influence on the overlying soft tissue changes.  

 

The current study employed the use of a computer software program to measure soft 

tissue profile changes on photographic images of patients. 

 

In 1995, Cummins, Bishara and Jakobsen identified various limitations of a computer 

assisted analysis of the soft tissue profile. They found that while the measurement of 

profile changes from photographs was reliable, it was also technique and operator 

sensitive. The limitations included problems with repeatable patient posturing and 

differential magnification, both of which were factors that influenced measurements 

taken from their photographs. Cognisance was taken of both of these aspects in the 
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current study. A repeatable head position was ensured by the use of the described 

technical set-up, allowing the head of the patient to be positioned in the identical 

sagittal and transversal position for successive photographs. The second factor that 

was addressed was the trend of differential magnification, where objects closer to the 

camera will tend to appear larger than those situated further away. Even though it is 

recognised that photographs are in essence two-dimensional representations of three-

dimensional structures, the landmarks used in this study were all in the midsaggital 

plane, thus being essentially equidistant from the camera. This diminished any 

problems with differential magnification, which could have affected the accuracy of the 

results. 

 

Another aspect of the Cummins, Bishara and Jakobsen (1995) study that is of 

relevance to this study is that the reliability of measurements may be affected by 

errors in landmark identification. By converting pixel measurements to millimeter 

measurements, it was found that an error of one pixel in locating a landmark on the 

screen would result in an error of 0.4 millimeters. Considering that linear 

measurements are defined by two landmarks, and angular measurements by three or 

four landmarks, the inherent error of the method would be greatly increased. Hence a 

detailed definition of the landmarks is essential, together with repeated assessment of 

accuracy in identification of landmarks on the photographs. The current study 

demonstrated that measurements were accurately repeated by two separate operators. 

Statistical evaluation of repeatability showed that accuracy of identification had been 

achieved. 

 

While the changes in the four profile measurements may have been statistically 

significant, it is acknowledged that these changes may not necessarily have clinical 
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significance. For the group as a whole, the Nasolabial Angle and Interlabial Angle 

showed an average decrease of 1.79 and 4.1 degrees respectively after the placement 

of brackets, while the Maxillo-Mandibular Contour showed an average increase of 3.59 

degrees. Lower Lip Projection demonstrated an average increase of 1.17 millimeters. 

 

Even though these changes may not be clinically conspicuous, results from the patient 

questionnaire showed that the majority of patients were able to correctly identify which 

photograph was taken after bracket placement. As all possible factors were eliminated 

that might have assisted the patient in identifying the ‘before’ and ‘after’ photographs, 

the changes that the patients were able to perceive in their profiles can therefore be 

attributed to the influence of the brackets themselves. 

 

It was also found that in general, males were better at correctly identifying the ‘after’ 

photograph (82% of males compared to 55% of females). However, as a general group, 

the female patients demonstrated more changes in their profile measurements than the 

male patients. While the Nasolabial Angle, the Maxillo-Mandibular Contour, the Upper 

Lip Projection and the Lower Lip Projection showed statistically significant changes 

with the placement of brackets in the female patients, the Interlabial Angle was the 

only profile measurement to demonstrate statistically significant change in the male 

patients. The sample size of male patients (11) was considerably lower than that of 

female patients (22). Perhaps a larger male sample would have demonstrated wider 

variation. 

 

Several of the patients commented that their cheeks and lips appeared more “swollen” 

in the post-bonding photographs. It is possible that some tissue swelling may have 



 48

been caused by the cheek retractors, present for the duration of the application of the 

orthodontic appliances. 

 

Several factors may therefore have affected the outcome of this research, which may 

be addressed in future studies. It may be advisable to standardise the malocclusion 

type, and thereby the associated soft tissue characteristics, when selecting patients 

for future studies. This may assist in limiting the possible influence that incisor 

position has had on the results, and ensure that all soft tissue profile changes can be 

directly attributed to the placement of the brackets themselves. A study measuring the 

effects of cheek retractors on the soft tissue profiles of patients may also be valuable. 

This study consisted of a predominantly female sample of patients. Future studies may 

attempt to ensure equal numbers of male and female patients in order to more 

accurately assess the possible influence that the sex of the patient may have had on 

the results.  

 

This research was conducted using a single type of orthodontic bracket for all 

patients. Future research may be carried out in order to compare the profile changes 

occurring with various other bracket systems. This is of particular relevance to so-

called ‘low-profile’ brackets as no scientific literature exists to validate or repudiate 

claims of aesthetic benefits that have been made by the various manufacturers in 

advertisements. 
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SUMMARY 
 

 
This study was undertaken in order to quantify any soft tissue profile changes that 

may occur as a result of the placement of a specific type of orthodontic bracket. It also 

aimed at determining whether patients are able to perceive any changes in their own 

profile immediately post banding. 

 

Right lateral photographs were taken of a group of patients before and immediately 

after the placement of orthodontic brackets, using a standardised photographic 

technique. The ‘before’ and ‘after’ photographs were analysed on a computer using the 

software program Corel Draw X3® Graphics Suite. On each profile photograph, 

standard soft tissue profile landmarks were identified and a series of eight angular and 

two linear measurements were made and recorded. The two sets of data thereby 

obtained were then compared with each other.  

 

Patients were also asked several standard questions about their ‘before’ and ‘after’ 

profiles, and their responses were recorded.  

 

Statistically significant changes were found for the group in four of the ten profile 

measurements that were investigated, namely the Nasolabial Angle, the Maxillo-

Mandibular Contour, the Interlabial Angle and the Lower Lip Projection. 

 

It was also found that the majority of patients preferred the photograph taken before 

the placement of the orthodontic brackets, and that most could notice a difference in 

their profiles between the two photographs. The majority of patients were also able to 

correctly recognise which photograph was taken after bracket placement. 
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CONCLUSIONS 

 
 

The results of this study have shown the following: 

 

1. The placement of orthodontic brackets can be associated with statistically 

significant changes in the soft tissue profile of patients. 

2. Patients are able to perceive changes in their profiles after the placement of 

orthodontic brackets. 

3. Patients prefer photographs of their profiles taken before the placement of 

orthodontic brackets. 
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APPENDIX A 
 
 
Patient Response Collection Form 
 
 
Patient Code:      ________________________________ 
 
Date of Banding: ________________________________ 
 
 
 
Question 
 

 
Photograph A 

 
Photograph B 

 
 
1. Which photo do you 
prefer? 
 

 
 
 
 

 

 
2. Can you see a difference 
between the two? YES or 
NO. 
 

 
 
 
 

 

 
 
3. What differences, if any? 
 

 
 
 
 

 

 
4. Can you see a difference 
in your profile? 
 

 
 
 
 

 

 
 
5. What differences, if any? 
 

 
 
 
 

 

 
6. Which photo do you 
think was taken after the 
bands were placed? 
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APPENDIX B 
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