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ABSTRACT 
 
 

Facial esthetics affect an individual’s quality of life, self-image, social 

behavior, and public perception.  The oro-facial region, in particular, plays a pivotal 

role in facial esthetics as dento-facial deformities can cause an individual to be 

perceived as less attractive, less successful, and less socially acceptable. The ability 

of orthodontic treatment to alter the soft-tissue facial form makes it a powerful tool 

to improve facial esthetics. Orthodontic treatment exhibits the most control over the 

soft-tissue in the lower third of the face, specifically the profile, position of the lips, 

and lower-third convexity.  The position of the soft-tissue in this region plays an 

important role in the perception of facial attractiveness.  

Due to the importance of the oro-facial region in facial esthetics, it is of the 

utmost importance that orthodontists better understand the effects of their 

treatment on the soft-tissue. The majority of literature evaluates soft tissue changes 

using 2-D imaging, such as a profile photo or lateral cephalogram; however, the 

evaluation of soft-tissue changes requires more than just what is seen in a 2-D 

sagittal image. It is essential that this knowledge is obtained in the most accurate 

and realistic way possible; to understand changes in three-dimensions instead of 

two. Using 3dMD technology, pre- and post- three-dimensional soft tissue images of 

dental Class II patients with high or low mandibular plane angle, treated with or 

without extraction therapy, were compared.  The objective was to determine the 

effect of extraction treatment on the soft-tissue of different facial types.  
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 Subjects were sampled from a database of patients treated by orthodontic 

residents under the supervision of faculty at the graduate orthodontic clinic of the 

Maurice H. Kornberg School of Dentistry at Temple University in Philadelphia, PA.  

Pre- and post-treatment 3dMD images were obtained of 42 dental Class II, high-

angle (FMA ≥ 28) and low-angle (FMA < 28) subjects treated with extraction or non-

extraction therapy. The 3dMDface system (3dMD, Atlanta, GA) is a 

stereophotogrammetric system used to capture 3D soft tissue images. Pre- and post-

treatment images were superimposed to evaluate soft-tissue changes both 

quantitatively and qualitatively. Quantitative Analysis: The average linear (mm) 

changes between the pre- and post-images for each group were recorded for the 

following areas: right/left commissures and cheeks, upper/lower lips at the midline, 

chin (pogonion), and tip of the nose. In addition, sectional volumetric (cc) changes of 

the peri-oral area were recorded. The mean volumetric and linear changes were 

compared between groups.  Qualitative Analysis: Color histograms were created 

from the superimpositions, representing a color-coded map of the direction and 

magnitude of soft-tissue changes. The magnitude and direction correspond to color, 

with warmer colors, such as pink and purple, representing positive changes in the 

soft-tissue (anterior movement) and cooler colors, like green, indicating a negative 

change (posterior movement).  To allow comparison, the degree of change was 

coded using symbols, ranging from (+++) to (0) to (---), which correspond to the 

colors observed in each histogram.  Coding was performed for the following areas: 

upper/lower lip, right/left commissures, right/left cheek, tip of the nose and chin 
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(Horizontal (AP) and Vertical movement), the naso-labial fold, and the mento-labial 

fold.  The coding for each facial area was placed in a table and color coded to aid 

visual analysis.  The color-coded tables were analyzed for patterns within and 

between groups.  

While the quantitative analysis found no statistically significant linear and 

volumetric differences between each group, the qualitative analysis of the 3-D 

histograms revealed noticeable changes in the soft-tissue. Similar changes resulting 

from treatment type (extraction vs. non-extraction) were seen in both the high and 

low angle groups. The changes exhibited by the upper lip were independent of 

treatment and facial type: retraction was seen in all groups, likely due to Class II 

mechanics.  In contrast, the changes exhibited by the lower lip, nasolabial fold, and 

mentolabial fold were more dependent on treatment type, becoming fuller in the 

non-extraction groups, while exhibiting more negative changes in the extraction 

groups.  The commissures and cheeks exhibited unpredictable changes regardless of 

treatment and facial type. The nose and chin exhibited similar changes in all groups.  

These data suggest that orthodontic treatment may in fact induce predictable 

qualitative responses from specific areas of the soft-tissue face. We also conclude 

that qualitative assessment of soft-tissue facial change is more appropriate than 

quantitative assessment. 
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CHAPTER 1 

INTRODUCTION 

 Facial esthetics affect an individual’s quality of life, self-image, social 

behavior, and public perception (Kerosuo, et al, 1995, Naini, et al. 2008). The oro-

facial region, in particular, plays a pivotal role in facial esthetics as dento-facial 

deformities can cause an individual to be perceived as less attractive, less successful, 

and less socially acceptable (Kerosuo, et al. 1995, Rusanen, et al. 2010, Shaw, et al. 

1982).  The ability of orthodontic treatment to alter the soft-tissue facial form makes 

it a powerful tool to improve facial esthetics and physical attractiveness.  An 

increasing number of patients seek orthodontic treatment primarily to improve 

their dento-facial appearance and subsequently their psychosocial health (Buttke et 

al., 1999, Kerosuo, et al. 1995, Proffit 2007, Rusanen, et al. 2010, Shaw, et al. 1982).  

 Orthodontics has adapted to parallel this emphasis on facial esthetics and its 

impact on the quality of life. The traditional dogma of orthodontics held that 

establishment of ideal hard tissue proportions would ultimately result in ideal soft 

tissue esthetics.  The primary goal of orthodontics has changed due to a greater 

appreciation of the importance of the soft-tissue form in facial esthetics.  The 

current paradigm is to first establish normal soft tissue proportions and 

relationships, and place the teeth and jaws accordingly to achieve the soft-tissue 

objectives (Ackerman, et al. 2007, Arnett, et al. 1993, Proffit 2007).  Ideal occlusion, 

therefore, may not always be the primary goal of treatment if it is not compatible 

with the established soft-tissue goals.  
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Orthodontic therapy exhibits the most control over the soft tissue in the 

lower third of the face, specifically the soft tissue profile, position of the lips, and 

lower-third convexity.  Achievement of an ideal profile outline has been shown to be 

a good measure of an esthetic result (Spyropoulos 2001, Wholley, et al. 2003). The 

position of the soft-tissue in this region plays an important role in the perception of 

facial attractiveness.  People tend to focus more on changes in the lips than other 

areas of the face (Burcal, et al. 1987, Wholley, et al. 2003).   Attractive profiles, as 

deemed by the general public, tend to have a “fuller, more protrusive dentofacial 

pattern than customary cephalometric standards would like to permit” (Peck and 

Peck 1970). 

Due to the importance of the oro-facial region in facial esthetics, it is of the 

upmost importance that orthodontists better understand the effects of their 

treatment on the soft-tissue (Basciftci, et al. 2003). It is essential that this knowledge 

is obtained in the most accurate and realistic way possible; to understand changes 

in three-dimensions instead of two. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

2.1  Effect of Orthodontic Extraction Treatment on the Facial Soft-tissue 

2.1.1  Extraction vs. Non-extraction Controversy 

 Extraction treatment is one of the most contentious areas in orthodontics 

due to its potential to effect on the facial soft-tissue.  Dating back to the 19th century, 

there has been a great debate over the role of extraction therapy in orthodontics 

and its effect on the face.  One of the initial leading figures in this debate was 

Edward Angle, an anti-extractionist, who believed that “proper occlusion of 

dentition requires a full complement of teeth as Nature intended” (Peck and Peck 

1995). Angle also thought that extractions compromised facial esthetics and 

prevented achievement of a pleasing harmony of facial lines (Bernstein, et al. 1992). 

Calvin Case and Charles H. Tweed, pro-extractionists, believed that malocclusion 

was caused by hereditary factors and that it would be unstable to attempt to 

squeeze all the teeth into a jaw that was too small. While the arches could be 

expanded to accommodate all the teeth in alignment, long term esthetics and 

stability would never be achieved without extractions (Wahl 2005).  For this reason, 

they argued that extraction therapy was necessary to maximize facial esthetics.  

 In the current era of orthodontics, extractions have become an acceptable 

component of treatment. The central question is no longer focused on the validity of 
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extractions, but instead on how extraction therapy affects the facial form of patients 

(Basciftci, et al. 2003). 

2.1.2 Effect of Extraction/Non-extraction Treatment on the Soft Tissue  

 There is much disagreement on the effect of extraction therapy on the soft 

tissue.  Some clinicians believe that extraction therapy can dramatically affect the 

soft tissue and cause a “dished-in” profile (Bowbeer 1986, Drobocky, et al. 1989).   

This results from excessive retraction of the lips which produces a concave lower 

third and an undesirable change in the nasolabial angle, the end result being an 

unesthetic profile (Drobocky, et al. 1989).  It is suggested that these changes occur 

because as the incisors are retracted, the soft tissue follows closely and acts as a 

passive drape (Erdinc, et al. 2007).  This line of thought, however, is incorrect 

because the lips do not passively follow incisor retraction.  Only a limited amount of 

lip retraction can normally occur; facial esthetics therefore are not compromised.   

 The soft-tissue response to extraction therapy has been suggested to be 

predictable and consistent (Hodges, et al. 2009). Multiple studies have shown that 

extraction therapy results in two to three millimeters of lip retraction (Beattie, et al. 

1994, Bishara, et al. 1995, Bowman 1999, Bowman, et al. 2000, Bravo, et al. 1997, 

Hagler, et al. 1998, James 1998, Johnston, et al. 1991, Leonardi, et al. 2010, 

Luppanapornlarp, et al. 1993, Paquette, et al. 1992, Scott and Johnston 1999).   As 

the lips are retracted, they also tend to lengthen (Rains, et al. 1982, Talass, et al. 

1987). The nasolabial angle decreases by three to six degrees as well (Bravo, et al. 
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1997, Leonardi, et al. 2010, Young, et al. 1993). Some studies report soft tissue 

response as a ratio, with an upper lip to upper incisor retraction ratio of 1:1 to 1:3 

and lower lip to lower incisor ratio between 1:0.4 and 1:1.8 (Anderson, et al. 1973, 

Erdinc, et al.  2007, Hodges, et al. 2009, Kusnoto, et al. 2001, Lew 1989, Roos 1977, 

Ricketts 1968, Tadic, et al. 2007, Talass, et al. 1987, Waldman 1982, Wisth 1974).   

Ratios, however, imply a linear relationship between hard and soft tissue changes 

when one may not exist.  It is questionable whether the use of such ratios provides 

clinically meaningful predictions of soft-tissue changes that result from incisor 

retraction (Hodges, et al. 2009). 

Many studies, in fact, suggest that soft-tissue changes are highly 

unpredictable, negating the use of the aforementioned ratios and guidelines.  There 

seems to be a high individual variation of soft-tissue response to extraction therapy 

(Bravo, et al. 1997, Erdinc, et al. 200, Konstantonis 2012, Leonardi, et al. 2010, 

Young, et al. 1993).  Variability has been shown to range up to sixty degrees and 

twenty-three millimeters among individuals (Yong, et al. 1993).  Variation in soft 

tissue changes may be caused by a number of different factors such as ethnicity, 

initial protrusion, and initial lip thickness (Tadic, et al. 2007).    

Pretreatment lip thickness tends to exert the greatest influence on changes in 

lip retraction (Wholley, et al. 2003). When the lip thickness at A point is fourteen to 

sixteen millimeters, the soft tissue will follow as A point is altered with tooth 

movement and remain the same thickness.  When there is taper (strain) in the 
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upper lip, as seen in protrusive patients, the lip will thicken as the incisors are 

retracted until the lip thickness is equal to the thickness at A point (Holdaway 

1983).   Approximately three millimeters of incisor retraction will result in one 

millimeter of lip thickening until the lip strain has been eliminated (Ricketts 1961). 

At this point the lip should move in a 1:1 ratio with further incisor retraction 

(Holdaway 1983).   As a result, patients who present with initial lip strain often 

demonstrate a decreased amount of lip retraction (Basciftci, et al. 2004, Hodges, et 

al. 2009). 

These guidelines, however, cannot be followed if the lips are either 

excessively thin or thick. Very thin lips, nine to ten millimeters, may follow the 

incisors immediately even if lip taper exists.  The lips of adults also tend to follow 

the teeth immediately, regardless of lip thickness and strain (Oliver 1982, Holdaway 

1983).  Thick lips, greater than eighteen millimeters, may not follow the incisors 

retraction at all and result in no profile change. This suggests that a thick lip can 

provide protection from over-retraction of the lips (Wholley et al 2003).   

The behavior of the midfacial tissues, specifically the upper lip, demonstrate 

great independence from underlying hard tissue changes due to the complex 

functional musculoskeletal anatomy of the nose and upper lip complex (Tadic 2007 

Hodges, et al. 2009).  The upper lip may still be supported by the apical base of bone 

and remaining alveolar process even when the incisors are retracted, which 

contributes to the variability of the upper lip response. The lower lip, on the other 
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hand, shows more predictable changes because it is free and away from the bony 

support of the mandible, and thus can closely follow incisor retraction (Burstone 

1967, Hodges, et al. 2009, Kasai 1998, Talass, et al. 1987).    

There is also great individual variation in growth of the lower third, which 

further increases the difficulty of predicting changes in the lip curvature and 

nasolabial angle.  Males exhibit greater latent growth in the nose and chin than 

females, which additionally changes the position of the lips and increases retrusion 

of the profile (Hodges, et al. 2009, Konstantonis 2012, Stephens, et al. 2005, Tadic 

2007). The combination of these variables make soft-tissue ratios, equations, and 

prediction guides of little value in treatment planning (Tadic 2007). 

 There is also literature that suggests that extractions have no effect on the 

soft-tissue profile and lip position.  Multiple studies have reported no differences 

between post-treatment profiles of patients treated with extraction and non-

extraction therapy (Bishara, et al. 1995, Erdinc, et al. 2007, Finnoy, et al. 1987, 

Hodges, et al. 2009, Paquette, et al. 1992, Stephens, et al. 2005, Wholley, et al. 2003, 

Zierhut, et al 2000). Both groups tend to have the same amount of lip protrusion, 

dental protrusion, and soft-tissue convexity at the end of treatment (Stephens, et al. 

2005, Zierhut, et al. 2000 ).  The amount of reduction in lip protrusion and facial 

convexity that occurs in extraction patients also matches that of untreated subjects 

(Finnoy, et al. 1987, Paquette, et al. 1992, Stephens, et al. 2005, Subtelny 1961, 

Zierhut, et al. 2000). Long term studies found no differences between the two 
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groups fifteen years post-treatment (Paquette, et al. 1992, Zierhut, et al. 2000).  Soft 

tissue changes, therefore, may be independent of treatment modality and the extent 

of lip retraction may vary depending on the initial extent of crowding, type of 

anchorage used, lip anatomy, and growth (Basciftci, et al. 2003, Wholley et al. 2003). 

2.1.3 Impact of Extractions on Perception of Soft-tissue Facial Appearance 

Due to the variability of soft tissue changes, the majority of literature 

concludes that it is incorrect to blame undesirable facial esthetics on extraction 

therapy (Basciftci, et al. 2003, Erdinc, et al. 2007, Leonardi, et al. 2010, Young, et al. 

1993). While the two millimeters of convexity reduction that can occur with 

extractions may be clinically evident, it does not result in a “dished in” profile or 

reduced smile esthetics from narrowing of the arch. (Beattie, et al. 1994, Bowman 

and Johnston 2000, Johnston, et al. 1991, Luppanapornlarp, et al. 1993, Paquette, et 

al. 1992, Scott and Johnston 1999).  Frequently, it is not even possible to distinguish 

between patients treated with extraction and non-extraction therapy (Lim, et al. 

2008).  Multiple studies have shown that dentists are no better than a coin toss in 

determining which patients were treated with extraction therapy when looking 

solely at profile photos (Boley 1991, Boley 1992, Rushing, et al. 1995).  In fact, the 

profiles of extraction patients show greater esthetic improvement than that of non-

extraction patients (Konstantonis 2012, Lim, et al. 2008).  This further casts doubt 

on the notion that all extraction patients have “dished in” profiles.    
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Excessive flattening of a profile should not be blamed on extraction therapy, 

but instead on faulty diagnosis and treatment planning (Bowman, et al. 1987).  

Evaluation of pre- and post-treatment profiles of extraction and non-extraction 

Class I and II Caucasian patients by laypersons and dentist revealed that the 

perceived benefit of extractions correlated with the initial soft tissue protrusion; the 

greater the initial protrusion the greater the benefit (Bowman, et al. 1987).  A 

beneficial result was achieved with extractions when the initial lip protrusion was 

greater than two to three millimeters behind Ricketts’ E-plane (Bowman, et al. 2000, 

Lim, et al. 2008).  Patients whose lips were two to three millimeters or further 

behind the E-line prior to treatment were judged as having worse, less esthetic post-

treatment profiles due to extractions.  For this reason, to avoid an unesthetic result, 

Bowman et al. (2000) suggest that extractions should be avoided in patients whose 

initial lip position is two to three millimeters behind the E-line (Bowman, et al. 

2000).   

2.1.4 Ethnic Variation of Soft Tissue Changes from Extraction and Non-

extraction Therapy 

The ethnicity of the patient may be an important factor when attempting to 

predict soft tissue changes from orthodontic therapy.  African Americans on average 

have a two-millimeter greater lip length, one-and-a-half millimeter greater lip 

thickness, and ten degrees more proclination of the incisors compared to 

Caucasians, giving them a more protrusive profile (Brock, et al. 2005).  A study by 

Brock et al. (2005) found that the hard and soft tissue changes after four premolar 
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extraction therapy were more downward in African Americans and more backward 

in Caucasians.  Soft tissue differences between the two groups existed at subnasale 

and the superior labial sulcus (Brock, et al. 2005).  The variations between the two 

groups are mainly attributed to the increased lip thickness, length, and initial incisor 

proclination of the African American subjects. (Brock, et al. 2005, Caplan, et al. 1997, 

Diels, et al. 1995, Garner 1974, Kokodynski, et al. 1997, Lew 1992, Rudee 1964). 

This suggests the need for different ethnic soft tissue goals as the soft tissue of 

African Americans will respond differently to extraction therapy than that of 

Caucasians. 

Other studies, however, suggest that there is no difference in soft tissue 

response from extraction therapy between African Americans and Caucasians.  A 

study by Diels et al. (1995) evaluated four premolar extraction therapy in African 

American patients with bimaxillary protrusion and found that the upper lip 

retracted approximately one millimeter for every three millimeters of upper incisor 

retraction.  This is similar to the retraction ratio found in Caucasians (Diels, et al. 

1995, Tadic, et al. 2007). The soft tissue response of African Americans has also 

been shown to exhibit great individual variation and is often unpredictable, similar 

to that of Caucasians (Brock, et al. 2005, Garner 1974, Hershey 1972).  For this 

reason, some clinicians suggest that African Americans should be treated the same 

as Caucasians in respect to lip retraction guidelines.  
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2.1.5 Effect of Extraction and Non-Extraction Therapy on the Soft Tissue in 

Class II Malocclusions 

The effect of extraction therapy on the soft tissue may differ depending on the 

type of malocclusion. Soft tissue changes were compared between Class II subjects 

treated with four premolar extraction and non-extraction therapy, each group 

having similar overjet and a skeletal Class II relationship caused by a deficient 

mandible.  Similar trends were found in both groups. Retraction of the upper 

incisors resulted in dropping back of the upper lip.  In subjects where the incisors 

were retracted excessively, the lip did not fall back to a corresponding extent.  In 

fact, the more the teeth were retracted, the thicker the lip became and the less the 

lips were retracted (Looi, et al. 1986).  This may be explained by the relationship 

between lip strain and lip thickness, as discussed by Holdaway.  Subjects with flared 

upper incisors have a greater amount of lip strain and the lip will not follow incisor 

retraction until the strain is relieved.  In these subjects, any available extraction 

space was completely used to relieve the lip strain, and thus the lips did not follow 

the incisor retraction. The main difference found between the two groups was a 

greater retraction of both the incisors and the lower lip in the extraction group 

(Holdaway 1983, Looi, et al 1986). The reduction of overjet in Class II extraction 

cases was also found to have an un-curling effect which results in lengthening of 

upper lip (Abdel 1983, Looi, et al 1986).  

In a comparison of soft tissue changes in borderline Class II patients treated 

with and without extractions, Paquette et al. (1992) found that the non-extraction 
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group was significantly more protrusive post-treatment and the extraction group 

had flatter profiles (Paquette, et al. 1992).  Other studies found similar results and 

report a straighter profile in the extraction subjects with more retrusive upper and 

lower lips (Bishara, et al. 1995). 

 The long term soft-tissue effects of extraction therapy in Class II 

malocclusions have also been evaluated.  Profiles of non-extraction and extraction 

groups were compared fourteen years post-treatment, with each subject having at 

least a Class II end-on molar relationship and a minimum of five millimeters of 

overjet before treatment.  Evaluation of the subjects revealed that the soft tissue 

facial profiles of both groups were found to be the same immediately post treatment 

and fourteen years later.  The profile in both groups flattened during treatment and 

fourteen years post treatment. There was also a progressive decrease in soft tissue 

convexity due to maturational changes associated with continued mandibular 

growth and nasal development, which was not influenced by the extraction of teeth. 

A few trends were found to be accurate predictors of the soft tissue changes.  First, 

the more retruded the lower lip, relative to the esthetic plane pre-treatment, the 

more likely it was to be retruded post-treatment and long-term. Second, the milder 

the pre-treatment skeletal Class II malocclusion, the more likely the lower lip was 

retrusive relative to the esthetic plane post-treatment.  Finally, the thicker the lower 

lip was initially, the more retrusive it was in the long-term, which may be due to the 

presence of initial lower lip eversion caused by excessive overjet (Zierhut, et al. 

2000). 
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 There is also a body of literature that suggests that extraction have no 

significant effect on the soft-tissue of Class II subjects. Multiple studies report little 

correlation between incisor and lip retraction and a wide individual variation in soft 

tissue response in Class II subjects (Battagel 1990, Looi 1986, Roos 1977, Young, et 

al. 1993).  As seen in Class I patients, the relationship between hard and soft tissue 

movement is too complex to be predicted (Battagel 1990).  Evaluation of long term 

soft-tissue changes in Class II patients revealed very few profile differences three to 

five years post-treatment despite the existence of significant differences prior to 

treatment (Finnoy, et al. 1987).   

 Other studies suggest that there is no difference in soft-tissue changes 

between Class I and Class II patients treated with extraction therapy.  Comparison of 

the two groups revealed that while the pre-treatment soft-tissue presentation 

differed greatly between patients with Class I and Class II malocclusions, the soft-

tissue facial profile of both groups were the same after treatment (Basciftci, et al. 

2003, Finnoy, et al. 1987, Zierhut, et al. 2000).  The lips seem to become more 

concave due to growth regardless of the type of treatment used (Weyrich, et al. 

2009). 
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2.1.6 Effect of Upper Premolar Extraction (camouflage) Therapy on the Soft 

Tissue in Class II Malocclusions 

Many times is not possible to correct Class II malocclusions with growth 

modification or four premolar extraction therapy.  In these cases, orthognathic 

surgery or camouflage treatment can be used.  Camouflage therapy for a Class II 

malocclusion consists of removing only two upper premolars and retracting the 

upper incisors to eliminate the excessive overjet and obtain Class I canines.  As one 

can image, the extraction of only two upper premolars as compared to four may 

result in a different pattern of soft-tissue changes. 

Camouflage treatment has been found to cause a three to six degree increase in 

the nasolabial angle, a decrease the upper and lower lip curve depths, and an overall 

incisor:lip retraction ratio of 2.7:1 (Scott, et al 2006, Tadic, et al. 2007). Incisor 

retraction in camouflage therapy allows uncurling of the upper and lower lips, 

which results in a relative lip straightening and reduction in lip projection.  These 

changes are very similar to those observed in Class I and Class II patients treated 

with four premolar extraction treatment. 

Other literature reports no significant differences in soft-tissue changes 

between camouflage and non-extraction treatment of Class II malocclusions, 

suggesting that each form of therapy has a similar effects on the facial profile 

(Janson, et al. 2007).  A large variation in lip changes has also been observed in 
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camouflage cases, with non-uniform response of the upper lip to retraction (Scott, et 

al. 2006, Tadic 2007).  

2.1.7 Effect of Extraction and Non-extraction Therapy on the Soft Tissue in 

Hyperdivergent Malocclusions 

Longitudinal cephalometrics suggest that long-faced and short-faced patients 

exhibit variable growth patterns and soft tissue features.  Long vertical facial 

patterns tend to have a thicker soft tissue drape and a longer vertical height of the 

upper and lower lips, which may serve as a compensation for the increased vertical 

skeletal pattern (Blanchette, et al. 1996).   

The effects of orthodontic therapy on the soft-tissue in long and short vertical 

facial patterns was evaluated by Lai et al. (2000). Ninety-nine Caucasian subjects 

were divided into two groups with high-angle subjects having an FMA of greater 

than twenty-nine degrees and lower angle subjects having an FMA of less than 

twenty-one degrees.  A portion of each group was treated with extraction of four 

premolars.  The results showed a large variation in soft-tissue response for both the 

non-extraction and extraction groups.  No pattern could be identified and lip 

response to incisor retraction was unpredictable (Lai, et al. 2000).   

 Evaluation of soft tissue changes from extractions in Class II high-angle subjects 

by Ozaki et al. (2007) revealed that the upper and lower lip prominence was 

reduced due to upper incisor retraction (Ozaki, et al. 2007).    On the contrary, 

another study showed that the lips were more retrusive in the non-extraction group 
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of high-angle Class II patients (Stromboni 1979). The effect of the mandibular plane 

angle on the soft-tissue profile of patients treated with extraction therapy seems to 

be inconsistent.  This suggests that there may be little effect of mandibular plane 

angle on the soft tissue response.  

2.2 Soft Tissue Imaging 

2.2.1- Limitation of Two-dimensional Soft Tissue Imaging 

 Two-dimensional (2D) imaging has served as the basic component of 

diagnostic records in traditional orthodontics. The majority of literature discussed 

previously evaluates soft-tissue facial changes using 2D imaging.  The limitation of 

2D imaging techniques is inherent in the fact that a 2D image, often of the profile, is 

used to evaluate 3D facial proportions.  Facial esthetics, however, are not 

determined from the profile view (Hulsey 1970, Mackley 1993).  The entire facial 

complex needs to be evaluated to assess the true extent of changes in the soft tissue 

and subsequently facial esthetics (Spyropoulos, et al. 2001). 

2.2.2 Cephalograms 

Many studies use cephalograms to evaluate soft tissue changes from 

extraction therapy. Cephalograms, however, are 2D representations of three-

dimensional objects and therefore lose important detail due to overlapping 

structure and distortion of anatomy. Analysis of cephalograms requires the 

pinpointing of anatomic landmarks by the clinician, which has been shown to have 
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poor accuracy, precision, and reproducibility.   Cephalometric analysis and norms 

are then based off of these ambiguous anatomic points and compared to normative 

data.  Much of the norms available have been based off a homogenous Caucasian 

population, which are then inaccurately applied to multi-racial patients (Quintero, et 

al. 1999). 

2.2.3 2-D Photogrammetry 

 Photography is also commonly used to evaluate soft-tissue changes. 

Photogrammetry is the study and measurement of photographs for facial feature 

evaluation. It requires the placement of points at certain landmarks on a 2-D 

photograph of a patient’s face from which an analysis is constructed for comparison. 

 The problem with 2D photogrammetry is that it is inadequate for the 

measurement of 3D objects. There is significant error in positional orientation of the 

patient and poor reproducibility of landmark identification (Tanner, et al. 1949). 

There is also error in the distance measurements between various points compared 

to direct measurements due to the lack of depth, among other dimensions, in a 

photograph (Farkas 1994).  Of the 104 surface measurements used in a study by 

Farkas (1980), only twenty-six were found to be reliable and reproducible, with the 

majority of error being located around the lips and mouth (Farkas 1980). These 

limitations make photogrammetry inaccurate and operator sensitive (Bishara, et al. 

1995). 
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Figure 1. Landmark identification on photogram (Farkas 1980) 

2.2.4 Silhouettes 

 Silhouettes have also been used to evaluate profile changes caused by 

extraction therapy.  Silhouettes eliminate the subjectivity of race, hair, and other 

cosmetic features when judging soft tissue esthetics (Hockley, et al. 2012, Maple, et 

al 2005). Silhouettes may be useful in measuring linear/angular changes of the 

profile but are inadequate when used to assess changes in the entire facial complex. 

(Hockley, et al. 2012, Naini, et al. 2006).  



19 
 

 

Figure 2. Silhouette (Davidenko 2007) 

2.3 Three-dimensional Soft Tissue Imaging 

 The discussion above reveals the limitations of using two-dimensional 

images to study the soft tissue of a three-dimensional face. The majority of literature 

evaluates soft tissue changes from a profile photo or cephalogram; however, the 

evaluation of soft-tissue changes and perception of facial esthetics requires more 

than just what is seen in a 2-D sagittal image (Lim, et al 2010).  Instead “the view of 

the entire face, the balance and harmony of the parts, and the 3-dimensional 

character all play roles in each individual’s perception of what constituted a pleasing 

facial appearance” (Zierhut, et  al. 2000). The conventional 2D images used in 

orthodontics are site specific images which represent a patchwork of separate 

images that embody an entire structure.  “This anatomic segmentation places a 

troublesome, if not impossible, responsibility on the clinician to mentally 

reconstruct the true anatomy” (Quintero 1999).  

 By using 3D imaging technology, we can obtain a more comprehensive 

evaluation and understanding of soft-tissue changes. Two-dimensional images are 
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constructed on a vertical (y) and horizontal (x) axis only.  Three-dimensional images 

consist of three axes, called the Cartesian coordinate system, which includes the x-

axis (transverse), y-axis (vertical), and the z-axis (anteroposterior dimension, ‘depth 

axis’ ).   

2.3.1 Grid Projection Techniques 

 The grid projection technique, a popular form of 3D imaging, requires 

projection of a shadow or light grid onto the face. The projection is then captured 

photographically and reconstructed into a 3D topographical map of the facial 

contours (Tuncay 2001).  The techniques discussed below are the various forms of 

grid projection systems. 

2.3.2 Structured Light Technique 

 The structured light technique projects a known light pattern onto the face, 

of which a single image is captured. “The position of illuminated points in the 

captured image compared to their position on the light projection plane provides 

the information needed to extract the 3D coordinates on the imaged object” (Hajeer, 

et al. 2004). This technique has a landmark accuracy of 0.5 mm, with the majority of 

the error caused by patient movement due to a long scan time (Nguyen 1998, 

Nguyen 2000).   

 Laser scanning is a specific form of a structured light technique. A fan shaped 

laser beam is projected onto the subject’s face and a CCD camera records any 
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distortion of the laser as it runs over the facial contours.  This information is 

translated into thousands of data points using computer-generated triangulation. 

These data points are then used to form a 3D soft tissue model (Hajeer, et al. 2002, 

Nguyen, et al. 2000).  The laser scanning technique “offers more data for analysis 

compared with lateral cephalograms alone,” producing an image of the entire soft-

tissue facial complex. (Ismail, et al. 2002). 

 Laser scanning is not without its limitations. Traditionally, laser scanning 

lacked the ability to capture soft tissue surface texture, however use of white light 

has somewhat improved this deficiency.  The patient also must be scanned with 

their eyes closed to avoid damage by the laser.  This prevents imaging of a natural 

facial expression and distorts landmark placement around the eyes (Gwilliam, et al. 

2006). 

2.3.3 Stereophotogrammetry 

 Stereophotogrammetry is a second form of grid projection imaging. This 

method requires the capture of two different views by cameras configured as 

stereopairs (Hajeer, et al. 2004).   The two photographs, one of each side of the face, 

must be taken simultaneously in order to avoid any changes in patient position, 

facial expression, or muscle activity.  This makes stereophotogrammetry an ideal 

imaging method because it requires little patient co-operation (Ras, et al. 1996).  A 

computer then uses an algorithm to fuse the two images together into a 3D 

reconstruction.  
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Figure 3. Right and left views of the stereopair (Ras, et al. 1996) 

 
 Stereophotogrammetry has advantages over other 3D imaging methods, 

including rapid image capture, which decreases the risk of patient movement.  

Unlike laser scanning, stereophotogrammetry captures surface texture, creating a 

more realistic image and facilitating patient communication (Gwilliam, et al. 2006). 

Linear measurements obtained by stereophotogrammetry are as accurate as 

those made using direct anthropometry.  In addition, stereophotogrammetry 

reduces the risk of distorting facial tissue with instruments used directly on the face 

in direct anthropometry, and also allows easy measurement of sensitive areas such 

as the eyes (Ras, et al. 1996). Identification of landmarks is both highly reproducible 

and reliable (Farkas 1994, Gwilliam, et al. 2006, Plooij, et al. 2009).  

 



23 
 

 
Figure 4. 3D image produced by stereophotogrammetry (Plooij, et al. 2009) 

 
 

2.3.4 3dMDface System 

 The 3dMDface system uses both stereophotogrammetry and the structured 

light technique to produce a 3D image.  The system can consist of up to eight 

cameras total, including color and infrared cameras, which are set at various angles 

to capture the entire face.  A random light pattern is projected onto a subjects face 

and an image is captured with multiple precisely synchronized digital cameras. The 

system uses the highest resolution and a 1.5 ms capture speed, which decreased the 

chance of patient movement and image distortion (Kau, et al. 2007).  It has an 

accuracy of 0.5mm and is both highly repeatable and precise.   

 
Figure 5. 3dMD images and stereopairs  (Kau, et al. 2007) 
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2.4 Use of Three-dimensional Imaging to Evaluate Soft Tissue Changes from 

Extraction Treatment 

 The three-dimensional imaging techniques discussed above can be used to 

evaluate soft tissue changes that result from extraction therapy.  Laser scan imaging 

was used by Ismail et al. (2002) to assess the effects of extraction and non-

extraction treatment on the soft-tissue face.  Three-dimensional surface images 

were captured pre- and post-treatment on twenty-four Class I patients, twelve 

treated non-extraction and twelve treated with extractions.  Color histograms were 

used to evaluate differences between the two groups before and after treatment. 

The result showed that the non-extraction group had a greater fullness of facial 

tissues around the lips and labio-mental fold.  This difference became less 

significant over the course of treatment in the peripheral facial regions, which 

unexpectedly indicates that the extraction group showed more advancement in 

these regions during treatment.  The non-extraction group was on average one to 

three millimeters more advanced around the upper lip and the labio-mental fold 

with negligible changes occurring around the chin and the lower lip (Ismail and 

Moss 2002). 
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Figure 6. Color histograms; extraction vs. non-extraction groups. (Ismail and Moss 
2002) 

 

 In a follow up study, Ismail, Moss, and Hennessey (2002) found that the face 

of non-extraction subjects had a greater vertical and lateral dimension with the chin, 

lower lip, and side of the face being one to three millimeters more forward than the 

extraction group.  Comparison of the pre- and post-treatment images of the 

extraction group revealed a general increase in the overall dimension of the face 

with the lips coming forward three to five millimeters, the labio-mental fold five to 

seven millimeters, and the chin one to three millimeters.  Overall, the face of the 

extraction group became relatively more protrusive with treatment. These changes 

were similar to those observed when comparing the pre- and post-treatment images 
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of the non-extraction group.  The changes in face height and lip length in both 

groups are likely due to growth (Ismail, Moss, and Hennessey 2002). 

 A study by Moss et al. (2003) used 3D optical scans to evaluate soft-tissue 

changes in non-extraction and extraction groups. Comparison of the pre- and post-

treatment images of the non-extraction group revealed that the infra-orbital area, 

upper and lower lips, and chin increased by three to four millimeters. The labio-

mental fold deepened by three millimeters.  Similarly, the extraction group showed 

an increase of three to five millimeters in the upper and lower lip and infra-orbital 

region, but no changes in the chin.  The overall width of the face decreased by three 

to four millimeters and the labio-mental fold deepened by three to four millimeters, 

similarly to the non-extraction group,.  The shape of the lips post-treatment for both 

groups was comparable, however the cheek region of the extraction group became 

flatter unlike the non-extraction group, which did not change (Moss et al. 2003).   

 The above three studies concluded that there was very little differences in 

the effects of extraction and non-extraction therapy on the soft tissue and many of 

the observe effects may be attributed to growth (Ismail and Moss 2002, Ismail, 

Moss, and Hennessey 2002, Moss et al. 2003). 

 To determine the actual three-dimensional effect of growth on the facial soft-

tissue, Kau et al. (2008) used 3D laser imaging to study fifty-nine children with 

normal BMI over a two-year period.  The average starting age of the subjects was 

twelve and no orthodontic therapy was performed.  The results showed that boys 
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exhibit greater and later surface changes than girls.  The nose, brows, lips and 

vertical dimension of the face exhibited positive surface changes (forward 

movement), which is consistent with the results found in the above studies (Ismail 

and Moss 2002, Ismail, Moss, and Hennessey 2002, Moss, et al. 2003). The eyes 

deepened and the cheeks flattened, which produced an overall flatter profile. The 

increase in nose size, however, contributed to an increase in the overall facial 

convexity (Kau, et al. 2008). 

Asymmetry in facial structure is also an important factor when evaluating 

soft-tissue changes from orthodontic treatment.  Asymmetric growth during 

treatment could result in variations in soft tissue response to treatment.  Using 3D 

laser imaging, Primozic et al.  (2012) evaluated the facial asymmetry in growing 

subjects with no malocclusion over a fifty-four month period.   The study showed 

that facial asymmetry is already present at an early developmental stage and does 

not change with growth in the pre-pubertal period (Primozic, et al. 2012).  

The 3dMD imaging system was used by Croft (2008) to evaluate soft tissue 

changes caused by extraction therapy.  The results showed that the extraction group 

had large reduction around the entire oral area extending from subnasale to B-

point, while the non-extraction group had only minor changes to the upper and 

lower lips (Croft 2008).  

In a similar study, Franklin (2009) used the 3dMD imaging system to 

evaluate soft tissue changes that occurred in subjects treated with various 
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extraction patterns: four first premolars, four second premolars, or two upper first 

premolars only.  There was negative lip change in response to extraction therapy, 

specifically located at the labial commissures, naso-labial creases, labio-mental 

creases, and the labio-mental fold.  The figure below demonstrates green and blue at 

the labial commissures, which Franklin suggests is representative of a rolling in soft 

tissue adaptation secondary to incisor retraction. 

 

Figure 7. Color histogram depicting rolling in at commissures (Franklin 2009) 

The amount of lip retraction ranged from four to eight millimeters. There 

was no consistent pattern, however, between lip retraction and incisor retraction, as 

the subjects with the greatest initial overjet did not always have the most significant 

negative lip changes. Comparison of high-angle and average angle extraction groups 

revealed minimal differences, with the high-angle group having slightly more 

negative change at infra-orbitale and greater positive change at menton (Franklin 

2009).  
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CHAPTER 3 
 

AIMS OF THE INVESTIGATION 
 
 

The aims of the investigation were as follows: 

1. To compare the linear (mm) soft-tissue facial changes between high and 

low mandibular plane angle Class II subjects treated with extraction and 

non-extraction treatment. 

2. To compare the volumetric (cc) soft-tissue facial changes between high 

and low mandibular plane angle Class II subjects treated with extraction 

and non-extraction treatment. 

3. To compare the patterns of topographical soft-tissue facial changes 

between high and low mandibular plane angle Class II subjects treated 

with extraction and non-extraction treatment. 
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CHAPTER 4 

MATERIALS AND METHODS 

4.1 Subject Selection 

 The research design was submitted to the Temple University Institutional 

Review Board (IRB) and approved for expedited status.  Subjects were sampled 

from a database of patients treated by orthodontic residents under the supervision 

of faculty at the graduate orthodontic clinic of Temple University, Maurice H. 

Kornberg School of Dentistry in Philadelphia, PA.  The first 42 subjects located in the 

database with pre-treatment and post-treatment non-smiling 3dMD images were 

used.  Selection criteria included the following: 

 Pre- and post-treatment 3dMD images 

 Age 10 to 16 yo at the start of Phase II treatment 

 Unilateral or bilateral end-on Class II canine or molar malocclusion 

 Treated with either of the following treatment modalities: non-extraction or 

extraction of two to four teeth, with no more than two teeth extracted per 

arch. 

 Any race and gender 

 Treated with pre-adjusted edgewise appliance in order to establish Class I 

occlusion 
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  Subjects (n=42) were broken into four groups based on treatment type and 

mandibular plane angle.  

 Group HN (High-angle, non-extraction) consisted of subjects with a dental 

Class II malocclusion and high mandibular plane angle (FMA>28°) treated 

with non-extraction therapy (n=9).  

 Group HE (High-angle, extraction) consisted of subjects with a dental Class II 

malocclusion and high mandibular plane angle (FMA>28°) treated with 

extraction therapy (n=9).   

 Group LN (Low-angle, non-extraction) consisted of subjects with a dental 

Class II malocclusion and low mandibular plane angle (FMA<28°) treated 

with non-extraction therapy (n=18).    

 Group LE (Low-angle, extraction) consisted of subjects with a dental Class II 

malocclusion and low mandibular plane angle (FMA<28°) treated with 

extraction therapy (n=6).  

The mandibular plane angle is based upon cephalometric measurements, 

specifically the FMA (Frankfort-mandibular plane angle), made by Temple 

University orthodontic residents from lateral cephalograms.   Overjet was also 

recorded for each subject, as measured on the lateral cephalogram.  Patients with 

congenital deformities, syndromes, or requiring orthognathic surgery were 

excluded from the sample.   
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Table 1. Subjects 
 High-Angle Low-Angle 
Extraction 9 6 
Non-extraction 9 18 

 
 
Table 2. Group HN (High-Angle, Non-extraction) 

Subject 
  

FMA 
(°) 

Age at 
Treatment 

Start (years) 

Malocclusion OJ 
(mm) 

HN1 37 12 End-on Bilateral Class II 
Canine/Molar 

11 

HN2 31 14 End-on Unilateral Class II canine 2 

HN3 36 11 End-on Class II Unilateral 
Molar/Canine 

6 

HN4 29 12 Full Step Bilateral Class II div 1 
Molar/canine 

6 

HN5 28 11 End-on Bilateral Class II 
Molar/Canine 

5 

HN6 28 12 Full step Unilateral Class II 
Molar/canine 

10 

HN7 28 13 End-on Bilateral Class II Canine 3 

HN8 28 13 End-on Bilateral Class II 
Molar/Canine 

3 

HN9 29 13 End-on Bilateral Class II 
Molar/Canine 

6 

Mean 30 12  6 
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Table 3. Group HE (High-angle, extraction) 

Subject 
  

FMA 
(°) 

Age at 
Treatment 

Start 
(years) 

Extraction 
Pattern 

Malocclusion OJ 
(mm) 

HE1 30 15 Mx5s End-on Bilateral Class II 
Canine/Molar 

5 

HE2 32 12 Mx2s, Mn 
LL5 

Full step Bilateral Class II 
Molar/canine 

15 

HE3 35 14 Mx/Md 4s End-on Unilateral Class II 
Molar/Canine 

3 

HE4 30 13 Mx/Md 4s End-on Bilateral Class II 
Canine 

3 

HE5 33 14 Mx 4s Full-step Bilateral Class II 
Molar/canine 

6 

HE6 31 12 Mx 4s Full-step Bilateral Class II 
Molar/canine 

12 

HE7 38 16 Mx 4s Full-step Bilateral Class II 
Molar/canine 

7 

HE8 28 12 Mx 4s Full-step Bilateral Class II 
Molar/canine 

10 

HE9 36 12 Mx/Mn 4s End-on Bilateral Class II 
Canine 

4 

Mean 33 13   7 
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Table 4. Group LN (Low-angle, non-extraction) 

Subject 
  

FMA 
(°) 

Age at 
Treatment 

Start (years) 

Malocclusion OJ 
(mm) 

LN1 21 15 End-on Bilateral Class II 
Molar/Canine 

6 

LN2 25 14 End-on Unilateral Class II 
Molar/Canine 

5 

LN3 24 14 End-on Unilateral Class II 
Molar/Canine 

4 

LN4 25 12 End-on Bilateral Class II 
Molar/Canine 

3 

LN5 24  16 End-on Bilateral Class II 
Molar/canine 

4 

LN6 23 12 End-on Unilateral Class II Canine 6 

LN7 26 10 End-on Unilateral Class II 
Molar/Canine 

7 

LN8 19 11 End-on Unilateral Class II Canine 3.5 

LN9 21 13 End-on Bilateral Class II 
Molar/Canine 

3.5 

LN10 19  11 End-on Bilateral Class II 
Molar/Canine 

4.5 

LN11 25 10 End-on Bilateral Class II 
Molar/Canine 

3 

LN12 25 13 End-on Bilateral Class II 
Molar/Canine 

4 

LN13 17 12 End-on Bilateral Class II 
Molar/Canine 

4 

LN14 25 15 End-on Bilateral Class II 
Molar/Canine 

3 

LN15 27 10 End-on Bilateral Class II 
Molar/Canine 

6.5 

LN16 22 12 End-on Bilateral Class II 
Molar/Canine 

3.5 

LN17 20 12 End-on Unilateral Class II 
Molar/Canine 

6 

LN18 26 12 Full-step Bilateral Class II 
Molar/canine 

8 

Mean 23 12  5 
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Table 5. Group LE (Low-angle, extraction) 

Subject 
  

FMA 
(°) 

Age at 
Treatment 

Start 
(years) 

Extraction 
Pattern 

Malocclusion OJ 
(mm) 

LE1 20 12 Mx4s End-on Bilateral Class II 
Molar/Canine 

6 

LE2 26 12 Mx4s Full step Bilateral Class II 
Molar/Canine 

13 

LE3 15 15 Mx4s Full step Bilateral Class II 
Molar/Canine 

7 

LE4 25 15 Mx4s Full step Left, end-on right 
bilateral Class II 
Molar/Canine 

8.5 

LE5 20 13 Mx/Md 4s End-on Bilateral Class II 
Molar/Canine 

4 

LE6 21 15 Mx 4s/Md 
5s 

End-on Bilateral Class II 
Molar/Canine 

9 

Mean 21 14   8 

 

4.2 3dMDface System, Software, and Image Acquisition 

The 3dMDface system (3dMD, Atlanta, GA) is a stereo-photogrammetric 

system used to capture 3D soft tissue images.  The system configuration 

incorporates two modular units of three digital cameras positioned on either side of 

the face to maximize facial surface coverage. In each modular camera unit there are 

two machine vision cameras positioned an optimum distance apart that serve as a 

stereo pair to record depth information of the right and left sides of the face. The 

stereo-photogrammetric technique then uses sophisticated stereo triangulation 

algorithms to identify and match unique external surface features between the two 

photographs and generates the 3D shape. The 3dMD system captures the full face at 
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a speed of approximately 1.5 ms, allowing the stereo pairs and color cameras to 

capture images nearly simultaneously. The patient is positioned in natural head 

posture, with lips in repose.  The 3dMD system captures an image spanning from ear 

to ear and from the clavicle to the top of the head. 

 4.3 Image Manipulation 

All 3dMD images were saved as .tsb files on a secure LG 64 bit operating 

system (Intel Core i5-2400 CPU @ 3.10 GHz, Display- NVIDIA GeForce GT440) 

running Windows 7 Professional (Microsoft Corp, Redmond,WA).  Images were 

manipulated and superimposed using 3dMDvultus software (3dMD, Atlanta, GA). 

4.4 Superimposition and Registration 

 The superimposition procedure was adapted from the studies of Devin Croft 

and Brittany Franklin at Temple University (Croft 2008, Franklin 2009). This study, 

however, used the 3dMDvultus program for image manipulation. All non-smiling 

3dMD images were oriented so that the Frankfort Horizontal plane was parallel to 

true horizontal.  The post-treatment 3dMD image was repositioned to approximate 

the pre-treatment image. Any unnecessary polygons, such as clothing, were 

removed using the 3dMDvultus software.  The most accurate and stable soft tissue 

areas were identified as the nasal bridge, forehead, and circular area at the temples 

(Croft 2008).  These regions were used to accurately register and superimpose the 

pre- and post-treatment images of each subject.  The software calculates a root 



37 
 

mean square (RMS) value, which must be 0.5 or less to be accepted, but is not an 

indication of the superimposition accuracy.  

Pre-treatment images were viewed with skin texture and post-treatment 

images with wireframe texture. Frontal and profile single images were captured and 

saved as .jpg image files. All files were saved on an external hard-drive. Images (.jpg) 

were saved for each subject in frontal, right, and left oblique views. 

4.5 Topographical Map 

The 3dMDvultus software was used to construct a color histogram of the 

superimpositions, which represents a color-coded map of the direction and 

magnitude of soft-tissue change.   The pre-treatment image served as the reference 

surface and the post-treatment image as the difference surface. Using the pop-up 

window display, the upper and lower limits of the range were manually adjusted 

until just before dark areas of burn-through appeared in the histogram. 

4.6 Error Analysis 

 Superimpositions were performed three times by a single operator, 24 hours 

apart, for one randomly selected subject in each group.  These serial 

superimpositions measured the repeatability of the 3dMDvultus software.   The 

relative color pattern of the histogram and the RMS value was used to compare the 

similarity of the software superimpositions.   
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4.7 Qualitative Analysis 

Areas of positive and negative soft tissue change were evaluated qualitatively 

using the color histograms, which indicate treatment effect on facial shape and 

contour.   The magnitude and direction correspond to color, with warmer colors, 

such as pink and purple, representing positive changes in the soft tissue (anterior 

movement) and cooler colors, like green, indicating a negative change (posterior 

movement). To allow comparison, the degree of change was coded using symbols, 

ranging from (+++) to (0) to (---), which correspond to the colors observed in each 

histogram. No change was denoted by the symbol (0). The color changes do not 

represent absolute values, but rather changes relative to the pre-treatment image. 

Coding was performed for the following areas: upper/lower lip, right/left 

commissures and cheeks, tip of the nose and chin (horizontal (AP) and vertical 

movement), the naso-labial fold, and the mento-labial fold.  The coding for each 

facial area was placed in a table and color-coded to aid visual analysis.  The color-

coded tables were then analyzed for patterns. Intra- and inter-group comparisons of 

the relative magnitudes of surface changes were made to evaluate trends and 

differences.  

4.8 Quantitative Analysis 

The average linear change (mm) for each subject group was recorded for the 

following areas: right/left commissures and cheeks, upper/lower lips at the midline, 

chin (pogonion), and tip of the nose.  The cheek point was measured at the 
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intersection of the vertical line drawn inferiorly from excanthion (perpendicular to 

true horizontal) and the horizontal line drawn from the tip of the nose (parallel to 

true horizontal) (Figure 8).  

Sectional volumetric changes of the peri-oral area were recorded using the 

volumetric calculation of two surfaces tool in 3dMDvultus.  A sphere selection area 

was adjusted so its diameter spanned from left excanthion to right excanthion 

(Figure 9).  The sphere selection area was then moved so its center aligned with the 

midline point where the upper and lower lips meet and the volumetric section was 

captured (Figure 10, 11).   

The mean change at each of each point (mm) and volume (cc) was compared 

between groups (Group HN vs. LN, Group HE vs. Group LE, Group HN vs. Group HE, 

and Group LN vs. Group LE). Statistical analysis for comparison of each group 

required the use of the Steel-Dwass test for pair-wise comparison. 

 
Figure 8.  Point placement. 
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Figure 9. Matching diameter of sphere to inter-excanthion 
distance. 

 

Figure 10. Selection sphere centered with midline point of lips. 

 

 

Figure 11. Capturing of the volumetric section. 
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CHAPTER 5 

RESULTS 

5.1 Topographical maps 

5.1.1 Group HN 

  

 
Figure 12: HN1 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip (-), lower lip (--
), and commissures (-) were retracted. The cheeks, nose, and chin all moved posteriorly (-). The nose moved downward (+). 
The nasolabial fold did not change (0) and the mentolabial fold showed positive change (++).  

 
Figure 13: HN2 color histogram, soft tissue superimposition, and quantitative information key. The upper/lower lips were 
retracted (-) and the commissures moved anteriorly (+).  The subject grew asymmetrically with the left cheek moving 
anteriorly (++), and the right cheek showing little change (0). The nose and chin grew forward and downward (++). The 
nasolabial and mentolabial angles showed positive change (++). 



42 
 

 

 
Figure 14: HN3 color histogram, soft tissue superimposition, and quantitative information key.  The upper and lower lips 
were retracted (-), while the commissures moved anteriorly (+++).  The cheeks showed negative change (---). The nose grew 
forward and downward (+++). The chin moved backward (--) and downward (++). The nasolabial, and mentolabial folds 
showed positive change (+++). 

  

 
Figure 15: HN4 color histogram, soft tissue superimposition, and quantitative information key. The upper and lower lips were 
retracted (-).  The commissures changed minimally (0). The cheeks showed negative change (-). The nasolabial, and 
mentolabial folds moved forward (++). The nose grew forward (++) and downward (++).  The chin moved down (++) and back 
(--). 
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Figure 16: HN5 color histogram, soft tissue superimposition, and quantitative information key. The upper lip and 
commissures showed negative change (-), while the lower lip moved forward (+++). The cheeks showed little movement (0).  
The nose (+) and chin (+++) grew forward and downward.  The nasolabial angle showed minimal change (0) while the 
mentolabial fold showed positive change (+++).   

  

 
Figure 17: HN6 color histogram, soft tissue superimposition, and quantitative information key. The patient grew 
asymmetrically, with a portion of the face on the left moving more anteriorly than the rest of the face.   The upper and lower 
lips showed slight negative change (-) while the commissures showed positive change (+).  The cheeks moved posteriorly (-).  
The nose moved forward (+) and downward (+).  The chin moved forward (++) and downward (++).  The nasolabial fold (+) 
and mentolabial fold (++) both showed positive change.  
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Figure 18: HN7 color histogram, soft tissue superimposition, and quantitative information key. The upper lip (--) and 
commissures (-) exhibited negative change, while the lower lip (+++) showed positive change. The cheeks showed slight 
negative change (-).  The nose moved slightly downward (+) and forward (+).  The chin moved significantly downward (+++) 
and forward (+++).  The nasolabial fold showed minimal change, while the mentolabial fold showed positive change (+++).  

 

 
Figure 19: HN8 color histogram, soft tissue superimposition, and quantitative information key. This subject grew 
asymmetrically with the right side of the face exhibiting mostly negative change, while the left side showed positive change.  
The upper/lower lips showed slight negative change (-). The right commissure showed minimal change (0) while the left 
showed positive change (+).  The right cheek showed negative change (-), while the left cheek showed positive change (+). The 
nose grew downward (+) and forward (+). The chin moved backward (--) and showed minimal vertical change (0). The 
nasolabial and mentolabial folds exhibited positive (+).  



45 
 

 

 
Figure 20. HN9 color histogram, soft tissue superimposition, and quantitative information key. The upper lip (---) was 
retracted while the lower lip showed minimal change (0).  The commissures showed negative (-) change. Both cheeks showed 
slight negative change (-). The nose showed minimal change (0). The chin grew forward (++) and downward (++). The 
nasolabial fold showed negative change (--) while the mentolabial fold showed some positive change (+).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



46 
 

5.1.2 Group HE 
 

  

 
Figure 21: HE1 color histogram, soft tissue superimposition, and quantitative information key. The entire central area of the 
face exhibited positive change (+++), including the lips, commissures, cheeks, nose, chin, nasolabial fold, and mentolabial fold.   

 

 
Figure 22: HE2 color histogram, soft tissue superimposition, and quantitative information key. This subject showed 
asymmetric facial changes, with the left side exhibiting more positive change. The upper lip and commissures showed negative 
change (--), while the lower lip showed positive change (++). Both cheeks showed positive change (++). The nose moved 
forward (+) and the chin moved forward (++) and downward (++).  The nasolabial fold showed negative change (-) and the 
mentolabial fold showed positive change (++).  
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Figure 23: HE3 color histogram, soft tissue superimposition, and quantitative information key. The lower lip (---) was 
retracted more than the upper (-).  The commissures and cheeks showed slight negative change (-).  The nose and nasolabial 
fold showed minimal change (0).  The mentolabial fold showed negative change (---). The chin moved backward (---) and 
upward (--).  

  

 
Figure 24: HE4 color histogram, soft tissue superimposition, and quantitative information key. The upper lip (---), lower lip (--
), and commissures (--) were retracted.  The cheeks showed slight positive change (+). The nose grew forward (+) and 
downward (+).  The chin grew forward (++) and downward (++). The nasolabial fold showed negative change (---) while the 
mentolabial showed positive change (+). 
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Figure 25: HE5 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip (--), lower lip (--
), right commissure (--) and left commissure (---)  were retracted.  The cheeks and nose showed minimal change (0). The chin, 
nasolabial, and mentolabial fold all exhibited negative change (-).  

  

 
Figure 26: HE6 color histogram, soft tissue superimposition, and quantitative information key. The upper/lower lips (---) and 
commissures (--) were retracted.  The cheeks showed negative change (-).  The nose grew forward and downward (++).  The 
chin grew moved backward (--) and downward (++). The nasolabial and mentolabial folds both showed negative change (---).  
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Figure 27: HE7 color histogram, soft tissue superimposition, and quantitative information key.  The upper/lower lips were 
retracted (-) while the commissures came forward (++). The cheeks showed positive change (++). The nose came forward 
(++), and the chin grew forward and downward (++).  The nasolabial fold (+) and mentolabial fold (++) showed positive 
change. 

  

 
Figure 28: HE8 color histogram, soft tissue superimposition, and quantitative information key.  This subject grew 
asymmetrically, with the right side of the face exhibiting greater negative changes than the left.  The upper/lower lips (--), 
right commissure (--), and left commissure (-) were retracted.  The right cheek showed negative change (-) while the left cheek 
showed minimal change (0). The nose grew forward and downward (+).  The chin showed negative change (--). The nasolabial 
fold exhibited negative change (-), while the mentolabial fold showed positive change (+).  
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Figure 29: HE9 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip (-) and lower lip 
(-) were retracted, while the commissures moved forward (+).  The cheeks exhibited slight negative change (-). The nose and 
chin grew downward (+++) and forward (+++).  The nasolabial and mentolabial folds showed positive change (++).  
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5.1.3 Group LN 
 

   

 
Figure 30: LN1 color histogram, soft tissue superimposition, and quantitative information key.   The patient grew 
asymmetrically with the right side the face showing positive change, and the left showing negative.  The upper lip was 
retracted (-), while the lower lip (+++) and commissures (+++) came forward.  The right cheek came forward (+) while the left 
cheek showed slight negative change (-).   The nose showed minimal change (0), while the chin grew forward and downward 
(+++). The nasolabial fold showed minimal change (0) and the mentolabial fold showed positive change (+++).  

  

 
Figure 31: LN2 color histogram, soft tissue superimposition, and quantitative information key.  The upper/ lower lips and 
commissures all showed negative change (--).  The cheeks show minor negative change (-).  The nose and chin grew forward 
and downward (+++). The nasolabial (+++) and mentolabial (++) fold showed positive change. 
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Figure 32: LN3 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip was retracted (-
), while the lower lip (++), right commissure (++), and left commissure (+) moved forward.  The cheeks showed positive 
change (++).  The nose (+) and chin (++) grew forward. The nasolabial (+) and mentolabial (++) folds exhibited positive 
change.  

  

 
Figure 33: LN4 color histogram, soft tissue superimposition, and quantitative information key.  The upper/lower lips and 
commissures showed positive change (++). The cheeks exhibited negative change (--). The nose and chin grew down and 
forward (++). The  nasolabial fold (+) and mentolabial fold (++) showed positive change.  
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Figure 34: LN5 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip (+), lower lip 
(+++), and left commissure (+) showed positive change while the right commissure showed slight negative change (-).  The left 
cheek came forward (+) while the right cheek showed minimal change (0). The nose and chin grew slightly downward (+) and 
forward (+).  The nasolabial fold (+) and mentolabial fold (+++) exhibited positive change.  

  

 
Figure 35: LN6 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip was slightly 
retracted (-), while the lower lip came forward (+++). The right commissure came forward (+) while the left showed minimal 
change (0).  The cheeks showed positive change (+). The nose grew downward (++) and forward (++).  The chin also grew 
downward (+++) and forward (+++). The nasolabial fold showed minimal change (0) and the nasolabial fold showed positive 
change (+++). 
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Figure 36: LN7 color histogram, soft tissue superimposition, and quantitative information key.  The upper and lower lips were 
retracted (--). The right commissure came forward (+) while the left was retracted (-). The cheeks exhibited negative change (-
).  The nose showed negative change (-) and grew downward (+).  The chin moved backward (---).  The nasolabial and 
mentolabial folds showed positive change (+). 

  

 
Figure 37: LN8 color histogram, soft tissue superimposition, and quantitative information key.  This patient grew 
asymmetrically with the right side of the face exhibiting more positive change than the left.  The upper/lower lip (-) and 
commissures (--) were retracted. The left cheek (--) showed more negative change than the right cheek (-).  The nose tip 
showed negative change (-) and moved downward (+).  The chin grew asymmetrically forward and downward (+). The 
nasolabial and mentolabial folds showed minimal change (0).  
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Figure 38: LN9 color histogram, soft tissue superimposition, and quantitative information key. The upper/lower lips (-) and 
commissures (--) were retracted.  The cheeks showed little change (0).  The nose grew forward (++) and the chin moved down 
(--) and back (--).  The nasolabial and mentolabial fold showed little change (0).  

  

 
Figure 39: LN10 color histogram, soft tissue superimposition, and quantitative information key. The upper and lower lips 
were retracted (---).  The right commissures came forward (++) while the left commissure moved back (-).  The right cheek 
showed positive change (++) while the left cheek showed negative change (--). The nose grew forward (++) and downward 
(++), while the chin grew downward (++) and backward (--).  The nasolabial fold showed negative changes (--) while the 
mentolabial fold showed positive changes (++).  
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Figure 40: LN11 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip (---) and lower 
lip (--) and commissures (-) were retracted. The cheeks exhibited negative change (-).  The nose moved downward (++) and 
backward (-). The chin also grew downward (++) and backward (--). The nasolabial (+) and mentolabial (++) folds both 
showed positive change. 

  

  
Figure 41: LN12 color histogram, soft tissue superimposition, and quantitative information key. Asymmetric changes are 
evident, with the right side of the face showing positive changes, and the left negative, however this may be the result of poor 
image quality.  The upper/lower lips and commissures were retracted (-).  The right cheek moved forward (+), while the left 
cheek moved back (-). The nose grew downward (+) and the chin moved downward (++) and forward (++). The nasolabial and 
mentolabial folds showed positive change (+). 
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Figure 42: LN13 color histogram, soft tissue superimposition, and quantitative information key.  The lower left side of the face 
showed a great positive area than the right. The upper lip (-) and left commissure (--) were retracted, while the lower lip (+) 
and right commissure (++) showed positive change. Both the left and right cheeks moved posteriorly (-).  The nose grew down 
and forward (+). The chin exhibited little change (0).  The nasolabial and mentolabial folds showed positive change (+).   

  

 
Figure 43: LN14 color histogram, soft tissue superimposition, and quantitative information key. The lower right side of the 
face showed a greater positive area of change than the left. The upper/lower lips (---) and commissures (--) were retracted 
while the cheeks came forward (++).   Both the nose and chin showed downward (+) and backward (-) changes. The nasolabial 
angle showed minimal change (0) while the mentolabial fold showed positive change (++).  
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Figure 44: LN15 color histogram, soft tissue superimposition, and quantitative information key.  The subject exhibited 
asymmetric changes which may be due to poor image quality. The right side of the face exhibited positive changes (+), while 
the left exhibited minimal change (0).  The upper lip was retracted (-), while the lower lip (+) and commissures (++) showed 
positive changes.  The chin and nose grew down (+) and forward (+).  The nasolabial and mentolabial folds exhibited positive 
changes (+). 

  

 
Figure 45: LN16 color histogram, soft tissue superimposition, and quantitative information key. The upper lip (-) and 
commissures (-) were retracted, while the lower lip changed minimally (0).  The cheeks exhibited minimal change (0). The 
nose grew forward (+) and downward (+). The chin also grew forward (++) and downward (++). The nasolabial fold (+) and 
mentolabial fold (++) exhibited positive change.  
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Figure 46: LN17 color histogram, soft tissue superimposition, and quantitative information key. The patient grew 
asymmetrically with more positive change on the left side of the face than the right. The upper lip (-), lower lip (-), and 
commissures (-) were retracted. The cheeks exhibited positive change (+). The nose grew forward (+) and downward (+). The 
chin also grew forward (++) and downward (++).  The nasolabial fold (+) and mentolabial fold (++) exhibited positive change.  

  

 
Figure 47: LN18 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip (--), lower lip (-
--) and commissures (-) were retracted.   The cheeks exhibited negative change (-). The nose grew downward (+) and the chin 
moved back (--).  The nasolabial and mentolabial folds exhibited minimal change (0). 
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5.1.4 Group LE 
 

 

 
Figure 48: LE1 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip (+) 
and commissures (+) moved forward, while the lower lip was retracted (-). The cheeks exhibited negative 
change (-).  The nose grew forward (++) and downward (++) while the chin grew downward (+) and backward 
(-). The nasolabial and mentolabial fold exhibited positive change (+).   

  

 
Figure 49: LE2 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip (--
-) and lower lip (--) were retracted.  The left commissures changed minimally (0), while the right commissures 
came forward (++).  The cheeks exhibited negative change (--). The nose grew downward (+) and forward (+), 
while the chin grew backward (--) and downward (+).  The nasolabial fold exhibited negative change (-) while 
the mentolabial fold showed positive change (++).  
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Figure 50: LE3 color histogram, soft tissue superimposition, and quantitative information key.  The subject 
exhibited asymmetric growth, with the left side of the face showing positive change and the right side negative. 
The upper/lower lips (-) and right (--) and left (-) commissure were retracted.  The left cheek showed positive 
change (+++), while the right cheek showed negative change (--). The nose showed some positive forward 
change (+). The chin moved downward (++)  and backward (-). The nasolabial and mentolabial fold showed 
negative change (-). 

  

 
Figure 51: LE4 color histogram, soft tissue superimposition, and quantitative information key. The upper lip (-), 
lower lip (---), and commissures (-) were retracted.  The right (+) and left (++) cheeks exhibited positive change. 
The nose exhibited minimal change (0) while the chin grew backward (-) and downward (+). The nasolabial fold 
(-) and mentolabial fold (--) exhibited negative change.  
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Figure 52: LE5 color histogram, soft tissue superimposition, and quantitative information key.  The subject 
exhibited asymmetrical changes, possibly due to poor image quality, with the right side of the face exhibiting 
more positive change, and the left more negative change.  The upper lip (--) and lower lip (-) were retracted 
while the commissures came forward (+++).  The left cheek exhibited negative change (--), while the right cheek 
changed minimally (0). The nose and chin both grew forward (+) and downward (+).  The nasolabial fold (-) and 
mentolabial fold (-) exhibited negative change.  

  

 
Figure 53: LE6 color histogram, soft tissue superimposition, and quantitative information key.  The upper lip (--
), lower lip (-), and commissures  (--) were retracted. The cheeks showed positive change (+). The nose grew 
forward (+) and downward (+).  The chin also grew forward (++) and downward (+++).  The nasolabial and 
mentolabial folds showed positive change (+). 
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5.2 Qualitative Analysis 

The degree of change is indicated by the number of symbols, ranging from 

(+++) to (0) to (---).  Positive change (+), indicated by warm colors such as pink and 

purple, represent forward movement of the soft tissue away toward the computer 

screen. Negative change (-), indicated by cooler colors like green, indicate backward 

movement of the soft tissue away from the computer screen.  No change was 

denoted by the symbol (0).  

Table 6. Qualitative Changes Coded for HN Group.  

 
 

The following trends were observed in the soft tissue changes of the HN group 

(Table 6). 

 The upper lip was retracted in all subjects. 

 The lower lip showed variable response.  

 The commissures showed variable response. 
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 The cheeks exhibited negative changes in the majority of subjects. 

 The nose moved forward and downward in the majority of subjects. 

 The chin moved down in the majority of subjects, but showed a mix of 

forward and backward rotation. 

 The nasolabial fold did not change or became fuller in the majority of 

subjects, and only one subject exhibited negative change.   

 The mentolabial fold became fuller in the majority of subjects.  

 Asymmetric changes occurred in 3 of 9 subjects. 

 

Table 7. Qualitative Changes Coded for HE Group 

 
 
The following trends were apparent in the soft tissue changes of the HE group 

(Table 7). 
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 The upper lip was retracted in the majority of subjects. 

 The lower lip was retracted in the majority of subjects  

 The commissures were retracted in the majority of subjects     

 The cheeks exhibited variable change. 

 The nose moved forward and downward in the majority of subjects. 

 The chin showed variable changes.  

 The nasolabial fold exhibited negative change in the majority of subjects   

 The mentolabial fold exhibited a mix of positive and negative changes.  

 Asymmetric changes occurred in 2 of 9 subjects. 
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Table 8. Qualitative Changes Coded for LN Group 

 

 
 

The following trends were apparent in the soft tissue changes of the LN group 

(Table 8). 

 The upper lip was retracted in the majority of subjects. 
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 The lower lip showed variable change.   

 The commissures showed variable change.     

 The cheeks exhibited variable change. 

 The nose moved forward and downward in the majority of subjects. 

 The chin showed more forward than backward movement and moved 

downward in the majority of subjects.  

 The nasolabial fold did not change or became fuller in the majority of 

subjects, and only one subject exhibited negative change. 

 The mentolabial fold became fuller in the majority of subjects. 

 Asymmetric changes occurred in 7 of 18 subjects. 

 

Table 9. Qualitative Changes Coded for LE Group 

 

The following trends were apparent in the soft tissue changes of the LE group 

(Table 9). 

 The upper lip was retracted in the majority of subjects. 
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 The lower lip was retracted in all of subjects. 

 The commissures showed variable change. 

 The cheeks showed variable change. 

 The nose moved forward and downward in the majority of subjects. 

 The chin moved backward and downward in the majority of subjects.   

 The nasolabial fold exhibited negative change in the majority of subjects   

 The mentolabial fold exhibited a mix of positive and negative changes.  

 Asymmetric changes occurred in 2 of 6 subjects. 

 

After coding the different soft-tissue structures by color and degree, noticeable 

changes were observed. The upper lip exhibited retraction in all groups. The lower 

lip showed more negative changes in the extraction groups than the non-extraction 

groups. The commissures showed inconsistent changes except for the HE group, 

which experienced largely negative changes. The cheeks also showed inconsistent 

changes, except for the HN group which showed mostly negative changes. The 

mentolabial fold became fuller in the non-extraction groups, while the extraction 

groups showed overall retraction in this area. The nasolabial fold exhibited more 

negative changes in the extraction groups than in the non-extraction groups.  The 

nose tended to move forward and downward in each group, as expected with 

growth. In all groups, the chin tended to grow downward, but there was variable 

response in forward or backward movement. Asymmetric facial changes were 

consistently present in approximately a third of each group.  
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5.3 Quantitative Analysis 

5.3.1 Landmark Linear Changes 

Table 10. Group HN (High-Angle, Non-extraction) Linear Changes 

Subject 
  

Upper 
Lip 

(mm) 

Lower 
Lip 

(mm) 

Right 
Comm-
issure 
(mm) 

Left 
Comm-
issure 
(mm) 

Tip of 
Nose 
(mm) 

Right 
Cheek 
(mm) 

Left 
Cheek 
(mm) 

 

Chin 
(mm) 

HN1 -1.91 -3.07 0.45 -0.24 -0.38 -1.26 -1.36 -2.73 

HN2 -2.92 0.66 0.29 0.16 0.84 -0.47 0.69 0.82 

HN3 -1.00 -1.02 2.73 3.04 2.17 -3.41 -4.14 -3.98 

HN4 -4.99 -1.96 1.20 -0.29 0.61 -3.42 -2.38 -4.77 

HN5 -1.25 2.58 1.10 1.40 1.68 -1.02 -0.71 2.85 

HN6 -0.25 -0.42 2.40 1.28 1.42 -1.50 -1.35 -0.87 

HN7 -1.13 1.53 -0.65 -0.72 1.01 -0.03 -0.02 1.24 

HN8 -2.09 0.57 -1.92 0.43 1.07 -1.14 0.15 -3.27 

HN9 -3.27 -0.15 -1.48 -2.13 -1.55 -0.48 -0.72 0.61 

Mean -2.09 -0.14 0.46 0.33 0.76 -1.41 -1.09 -1.12 

Stnd 
Dev 1.36 1.64 1.51 1.39 1.06 1.15 1.38 2.51 

 

The subjects with the greatest overjet, HN1 and HN6, did not show the 

greatest amount of lip retraction (Table 10).  HN4 was the only subject in this group 

to have a full step bilateral Class II malocclusion and exhibited the most upper lip 

retraction. The upper lip, on average, showed more retraction than the lower lip.   

The upper lip change ranged from -4.99 mm to -0.25 mm and the lower lip from -

3.07 mm to +2.58 mm. The changes in the commissures and cheeks showed similar 

changes on the right and left side, suggesting symmetric facial changes.  On average, 

the nose showed positive change while the chin showed negative change.  
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Table 11. HE (High-angle, extraction) Linear Changes 

Subject 
  

Upper 
Lip 

(mm) 

Lower 
Lip 

(mm) 

Right 
Comm-
issure 
(mm) 

Left 
Comm-
issure 
(mm) 

Tip of 
Nose 
(mm) 

Right 
Cheek 
(mm) 

Left 
Cheek 
(mm) 

 

Chin 
(mm) 

HE1 2.17 0.49 2.04 2.88 1.76 1.73 1.71 3.73 

HE2 -1.06 3.45 -1.34 -3.12 -0.13 1.48 2.34 1.13 

HE3 -0.41 -3.46 -1.74 -2.45 0.03 -0.74 -2.06 -2.81 

HE4 -3.43 -1.62 -2.33 -0.96 0.46 0.58 0.24 1.52 
HE5 -5.81 -6.42 -3.25 -7.18 -1.43 -0.44 -1.34 -6.14 

HE6 -7.43 -4.49 -0.09 -4.73 2.07 -1.93 -2.69 -7.22 

HE7 -0.29 -1.75 1.38 1.90 1.06 2.26 1.13 1.65 

HE8 
-5.93 -2.53 -4.22 -1.36 0.59 -4.24 -0.12 -5.78 

HE9 -1.38 0.05 1.23 1.07 3.29 -1.18 -1.91 3.20 

Mean -2.62 -1.81 -0.92 -1.55 0.86 -0.28 -0.30 -1.19 

Stnd 
Dev 3.20 2.92 2.19 3.24 1.39 2.05 1.80 4.31 

 

The subjects with the greatest overjet, HE2, did not exhibit the greatest lip 

retraction, in fact the lower lip came forward.  Note that HE2 had an unusual 

extraction pattern of upper lateral incisors and a lower left 2nd premolar. Subjects 

HE6 and HE8 had the 2nd and 3rd largest OJ, respectively, and exhibited the greatest 

upper lip retraction (Table 11).  The upper lip, on average, showed more retraction 

than the lower lip.  The upper lip change ranged from -7.43 mm to +2.17 mm and 

lower lip from -6.42 mm to +3.46 mm.  A seen in the HN group, changes in the 

commissures and cheeks showed similar changes on the right and left side, 

suggesting symmetric facial changes.  On average, the nose showed positive change 

while the chin showed negative change. 

 



71 
 

Table 12. Group LN (Low-angle, non-extraction) 

 
The two subjects with the greatest overjet, LN7 and LN18, exhibited the 

greatest lip retraction (Table 12). LN18 was the only subject in this group to have a 

full step bilateral Class II malocclusion and exhibited the most lip retraction. The 

upper lip, on average, showed more retraction than the lower lip.  The upper lip 

change ranged from -7.64 mm to +0.43 mm and lower lip from -6.29 mm to +2.59 

Subject 
  

Upper 
Lip 

(mm) 

Lower 
Lip 

(mm) 

Right 
Comm-
issure 
(mm) 

Left 
Comm-
issure 
(mm) 

Tip 
of 

Nose 
(mm) 

Right 
Cheek 
(mm) 

Left 
Cheek 
(mm) 

 

Chin 
(mm) 

LN1 -1.14 2.48 -0.53 0.70 -0.42 0.72 -0.30 2.11 

LN2 -2.96 -0.19 -0.74 -0.28 2.46 0.36 -0.35 1.02 

LN3 -0.64 0.13 0.88 0.12 0.73 0.08 0.38 1.12 

LN4 -0.10 2.17 3.37 1.58 1.34 -0.46 -0.73 0.65 

LN5 0.43 2.59 -0.44 0.15 0.18 -0.38 0.13 0.22 

LN6 -0.43 2.23 0.53 0.35 1.33 0.27 0.20 2.27 

LN7 -7.28 -4.02 0.73 -1.74 -1.45 -2.38 -3.26 -7.93 

LN8 -1.68 -0.62 -0.66 -0.87 -0.18 -0.61 -1.59 -0.27 

LN9 -0.67 -1.18 -1.15 -1.63 0.79 0.39 0.45 -1.90 

LN10 -2.84 -1.23 3.08 -0.70 1.45 2.53 -3.00 0.23 
LN11 -4.35 -2.09 0.19 -0.92 -0.87 -1.54 -1.58 -3.35 

LN12 -2.89 -0.47 0.65 -0.33 -0.17 1.76 -3.14 0.33 
LN13 -1.50 0.16 0.47 -2.47 0.43 -0.43 -0.24 0.10 

LN14 -3.42 -1.12 -1.72 -0.02 -0.36 0.40 0.59 -1.29 
LN15 -1.33 0.99 4.70 1.45 2.27 2.68 -1.75 2.57 

LN16 -3.52 0.40 0.35 -0.44 -0.13 0.55 -0.87 -0.55 
LN17 -1.81 -0.34 0.07 -0.19 1.04 0.52 0.56 2.14 

LN18 -7.64 -6.29 -1.71 -1.97 -2.16 -2.02 -1.29 -6.38 
Mean -2.43 -0.36 0.45 -0.40 0.35 0.14 -0.88 -0.50 

Stnd 
Dev 2.25 2.26 1.72 1.10 1.21 1.35 1.28 2.87 
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mm. Unlike groups HN and HE, the changes in the commissures and cheeks showed 

dissimilar changes on the right and left side, suggesting more asymmetric facial 

changes.  On average, the nose showed positive change while the chin showed 

negative change 

Table 13. Group LE (Low-angle, extraction) 
Subject 
  

Upper 
Lip 

(mm) 

Lower 
Lip 

(mm) 

Right 
Comm-
issure 
(mm) 

Left 
Comm-
issure 
(mm) 

Tip of 
Nose 
(mm) 

Right 
Cheek 
(mm) 

Left 
Cheek 
(mm) 

 

Chin 
(mm) 

LE1 0.16 0.48 0.64 0.44 2.13 0.00 -0.21 -0.01 
LE2 -8.48 -3.13 2.57 -1.12 1.03 -3.25 -4.44 -4.32 

LE3 -3.38 -2.28 -3.70 0.69 0.47 -3.42 1.16 -1.35 

LE4 -3.69 -6.47 -3.73 -2.91 -1.23 0.85 1.58 -3.05 

LE5 -3.09 -0.67 2.65 1.42 0.87 -0.03 -1.61 0.80 

LE6 -3.60 -0.13 -1.38 -0.38 1.16 0.30 0.18 2.13 

Mean -3.68 -2.03 -0.49 -0.31 0.74 -0.93 -0.56 -0.97 

Stnd 
Dev 2.52 2.34 2.65 1.41 1.01 1.73 2.02 2.21 

  

The subject with the greatest overjet (LE2), showed the greatest amount of 

upper lip retraction (Table 13).   The upper lip, on average, was retracted more than 

the lower lip. The upper lip change ranged from -8.48 mm to +0.16 mm and lower 

lip from -6.47 mm to +0.48 mm. The changes in the commissures and cheeks 

showed similar changes on the right and left side, suggesting symmetric facial 

changes.  On average, the nose showed positive change while the chin showed 

negative change. 
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5.3.2 Volumetric Changes 

Table 14. Group HN (High-Angle, Non-extraction) Volumetric Changes 

Subject 
  

  Volume (cc) 

HN1 -5.77 

HN2 1.58 

HN3 2.13 
HN4 -5.97 

HN5 3.21 

HN6 3.05 

HN7 1.80 

HN8 -8.27 

HN9 -4.14 

Mean -1.38 
Stnd Dev 4.31 

 
Subject HN8 showed the greatest negative volumetric change, yet did not 

have the greatest amount of lip retraction, implying that negative changes took 

place elsewhere in the circum-oral region.  Four of subjects experience negative 

volumetric change, while the remaining five showed positive change (Table 14).   

Table 15. HE (High-angle, extraction) Volumetric Change 
Subject Volume (cc) 

HE1 14.71 
HE2 3.29 

HE3 -10.20 
HE4 -0.20 

HE5 -28.81 

HE6 -17.73 

HE7 6.55 
HE8 

-18.24 

HE9 4.55 

Mean -5.12 

Stnd Dev 14.30 
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Subject HE2 had the great initial overjet, yet experienced the greatest 

positive volumetric change.  Subject HE5 experience the greatest negative 

volumetric change. Subjects HE6 and HE8 had the 2nd and 3rd largest OJ and negative 

volumetric change, respectively. Five of the nine subjects experience negative 

volumetric change, while four experienced positive change.  The standard deviation 

was much larger than any of the other groups, suggesting greater variation in facial 

change (Table 15). 

Table 16. Group LN (Low-angle, non-extraction) Volumetric Change 

Subject 
  

Volume 
(cc) 

LN1 6.61 

LN2 0.38 
LN3 2.64 

LN4 2.47 

LN5 2.35 

LN6 5.79 
LN7 -17.54 

LN8 -1.79 

LN9 -6.79 

LN10 -0.15 

LN11 -6.93 
LN12 2.57 

LN13 -1.35 

LN14 -0.22 

LN15 11.80 
LN16 2.11 

LN17 4.06 

LN18 -23.00 

Mean  -0.94 

Stnd Dev 8.34 
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The two subjects with the greatest overjet, LN7 and LN18, exhibited the 

greatest negative volumetric change.  Ten subjects showed positive change, while 

the remaining eight showed negative change(Table 16).  

Table 17. Group LE (Low-angle, extraction) 

Subject 
  

Volume 
(cc) 

LE1 5.07 

LE2 -19.70 
LE3 -4.48 

LE4 -13.63 

LE5 4.63 

LE6 4.22 

Mean 
-3.98 

Stnd Dev 
9.69 

 

The subject with the greatest overjet, LE2, showed the greatest negative 

volumetric change.  Interestingly subject LE6, exhibited positive volumetric change, 

despite having the 2nd largest initial overjet and four premolars extracted.  Half the 

subjects showed positive and half negative volumetric change (Table 17).   
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5.3.3 Average Linear and Volumetric Changes 

 
Table 18. Linear Measurement Means 

Group 
  

Upper 
Lip 

(mm) 

Lower 
Lip 

 (mm) 

Right 
Comm-
issure  
(mm) 

Left 
Comm-
issure 
(mm) 

Tip of 
Nose 
(mm) 

Right 
Cheek 
(mm) 

Left 
Cheek 
(mm) 

 

Chin  
(mm) 

HN -2.09 
1.36 

-0.14 
1.64 

0.46 
1.51 

0.33 
1.39 

0.76 
1.06 

-1.41 
1.15 

-1.09 
 1.38 

-1.12 
2.51 

HE -2.62 
3.20 

-1.81 
2.29 

-0.92 
2.19 

-1.55 
3.24 

0.86 
1.39 

-0.28 
2.05 

-0.30 
 1.80 

-1.19 
4.31 

LN -2.43 
2.25 

-0.36 
2.26 

0.45 
1.72 

-0.40 
1.10 

0.35 
1.21 

0.14 
1.35 

-0.88 
1.28 

-0.50 
2.87 

LE -3.68 
2.52 

-2.03 
2.34 

-0.49 
2.65 

-0.31 
2.41 

0.74 
1.01 

-0.93 
 1.73 

-0.56 
 2.02 

-0.97 
2.21 

 
The average upper and lower lip change was negative for all four groups.  

The upper lip retraction was similar for the extraction and non-extraction groups.   

The lower lip showed more retraction in the extraction groups than the non-

extractions groups, but minimal difference between the high and low angle groups.  

The changes in the commissures were variable among groups.  The commissures 

showed negative change for the extraction groups, and positive changes for the non-

extraction groups, except for the left commissure of group LN. The tip of the nose 

moved anteriorly for all groups, while the chin, surprisingly, showed negative 

change.   The cheeks showed negative change for all groups except the right cheek of 

group LN (Table 18).   
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Table 19. Volume Measurement Means 

Group 
  

Mean Volume 
(cc) 

HN 
-1.38  4.31 

HE 
-5.12  14.30 

LN -0.94  8.34 

LE -3.98  9.69 

 

All groups showed negative volumetric change. The extraction groups 

showed greater negative volumetric change than the non-extraction groups.  The 

high-angle groups showed slightly greater negative change than the low-angle 

groups (Table 19). 

5.3.4 Statistical Analysis 

Comparison between the group averages using the Steel-Dwass test revealed 

no statistically significant difference (p<0.05) except for the right cheek point in the 

LN vs. HN group comparison.  However, this is likely due to a Type-1 error, due to 

the limited number of comparisons.   Given the small sample size, there is not 

enough power to find significant differences.  The p-values for each comparison can 

be found in Appendix A. 
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5.4 Error Analysis 

Serial superimpositions were performed from subjects LE1 and LN11 (Figure 

12 and Figure 13).  Both sets serial superimpositions displayed consistency in color 

range, soft-tissue changes, and RMS values (<0.1mm).  The minimal differences 

between each histogram verify the consistency of the superimpositions.  Potential 

differences are normally the result of rotation around the y-axis (Croft 2008). 

   

   
Figure 54. Error analysis of LE1.  Serial images show similarity in RMS, color range, 
and pattern of soft-tissue change. 

   

  
Figure 55. Error analysis of LN11.  Serial images show similarity in RMS, color 
range, and pattern of soft-tissue change. 
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CHAPTER 6 

DISCUSSION 

It is critical for orthodontists to understand the effect of orthodontic 

treatment on the soft-tissue make-up of the face.  While there is a plethora of 

literature evaluating the effect of extraction treatment in the lateral cephalometric 

image, it is limited to a 2-D view and therefore such practice cannot evaluate the 

entire “face”.  Three-dimensional imaging provides additional information on areas 

of the face that are not visible in the 2-D cephalogram and allows evaluation over an 

entire area and volume, not just a single point.  

Our quantitative analyses revealed that there were no statistically significant 

differences between the extraction and non-extraction, high-angle and low-angle 

groups.  Interestingly, all groups, on average, experienced negative lip changes.  This 

is contrary to the common notion that non-extraction treatment increases soft-

tissue convexity whereas only extraction treatment causes lip retraction. The 

extraction group patients in this study did experience more linear lip retraction and 

overall negative volumetric change than the non-extraction groups, but the spread 

of standard deviation was huge.  The linear lip movement ranged from 

approximately -8.48mm to +2.59 mm and the volumetric facial changes ranged from 

-23cc to +11.80cc.  The individuals with the largest initial overjet did not always 

demonstrate the most lip retraction, further demonstrating the degree of individual 

variation.  Approximately a third of subjects in each group experienced asymmetric 

facial changes, further confounding the variation. The unpredictability of 
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quantitative soft tissue changes corroborates the findings of numerous other studies 

(Battagel 1990, Bravo, et al. 1997, Erdinc, et al. 2007,  Konstantonis 2012, Leonardi 

et al. 2010, Looi 1986, Roos 1977, Young et al 1993).  

From a strictly quantitative perspective, the lack of significance agrees with 

other 3-D soft-tissue studies (Franklin 2009, Ismail and Moss 2002, Ismail, Moss, 

and Hennessey 2002, Moss, et al. 2003). The small sample size in our study may 

have lacked the power to find statistically significant results and was heavily 

influenced by a number of extreme outliers.  Perhaps increasing the number of 

subjects would have yielded significant differences; based on the wide variation in 

this sample, however a study using say, 200 patients may have a stronger mean, but 

does not guarantee less variation. A more uniform population may give better 

statistical power, but it might not yield clinically applicable results across all races.  

The effect of growth and weight fluctuation also has a strong influence on the 

observed facial changes in adolescents and likely contributes to the individual 

variation (Ismail and Moss 2002, Ismail, Moss, and Hennessey 2002, Moss, et al. 

2003).  Indeed, a study of adults could yield better results, but the scope of our study 

was limited to children in their growth period.    

Our quantitative analysis would indicate that there are no differences 

between each group. Yet when one looks at the color histograms, it is patently 

obvious that notable changes have occurred. Until recently, there was no good 3-D 

assessment of these facial changes. The limited available literature evaluating 3-D 

soft-tissue changes found no patterns and our quantitative analysis corroborates 
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this conclusion (Franklin 2009, Ismail and Moss 2002, Ismail, Moss, and Hennessey 

2002, Moss et al. 2003).  But doesn’t orthodontic treatment affect the face? How can 

numbers tell us one thing and the histograms tell us another? The beauty of 

qualitative analysis is that one is able to categorize the changes, not in numbers, but 

in groups and subsequently, code the data. When the data are coded for different 

soft tissue structures by color and degree (Tables 6-9), predictable patterns become 

evident.  

The qualitative analysis demonstrated that the changes exhibited by the upper 

lip were independent of treatment and facial type; retraction was seen in all groups.  

The upper lip was consistently retracted in all groups, though the exact degree of 

retraction varied. The similarity of upper lip changes between the extraction and 

non-extraction groups is supported by a large body of literature (Bishara, et al. 

1995, Erdinc, et al. 2007, Finnoy, et al 1987, Hodges, et al. 2009, Paquette, et al. 

1992, Stephens, et al. 2005, Wholley, et al. 2003, and Weyrich, et al. 2009, Zierhut, et 

al. 2000). The subjects consisted entirely of patients with Class II malocclusions, so 

retraction of the upper incisors, and consequently the upper lip, in both groups was 

likely caused by the Class II mechanics employed.  Upper lip retraction due to upper 

incisor retraction is supported by many studies (Beattie, et al. 1994, Bishara, et al. 

1995, Bowman 1999, Bowman and Johnston 2000, Bravo, et al. 1997, Hagler, et al. 

1998, James 1998, Johnston, et al. 1991, Leonardi, et al. 2010, Luppanapornlarp, et 

al. 1993, Paquette, et al. 1992, Scott and Johnston 1999).  The dogma that extraction 

therapy results in excessive lip retraction and concave profiles while non-extraction 
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treatment does not, would seem to be untrue.  Upper lip retraction can occur 

regardless of whether teeth are extracted or not, so the potential to affect the soft-

tissue profile exists independent of treatment type, and is linked instead to 

treatment mechanics. 

The changes exhibited by the lower lip, nasolabial fold, and mentolabial fold, in 

contrast, were more dependent on treatment type, becoming fuller in the non-

extraction groups, while exhibiting more negative changes in the extraction groups. 

The increased lower lip retraction in the extraction group is likely due to the 

uncurling effect of the lip and subsequent reduction of lip projection (Scott 2006, 

Tadic 2007).  Other 3-D soft-tissue studies support our finding of increased negative 

lip changes from extraction treatment (Franklin 2009, Ismail and Moss 2002, Ismail, 

Moss, and Hennessey 2002, Moss et al. 2003). Why would the lower lip behavior, 

and not the upper lip, be more closely correlated to extraction therapy?  The lower 

lip may show more predictable changes, because, as Wholley et al. (2003) suggested, 

it is free and away from the bony support of the mandible and thus can more closely 

follow incisor retraction (Wholley, et al. 2003).  

The mentolabial and nasolabial folds became fuller in the non-extraction groups 

and showed more negative change in the extraction group.  These negative changes, 

as Franklin (2009) described, can be observed as the “rolling-in” of the circum-oral 

soft-tissue as the incisors are retracted (Franklin 2009). The retraction of the 

mentolabial and nasolabial folds in extraction cases is consistent with the findings of 
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other studies (Bravo, et al. 1997, Lenardi, et al. 2010, Scot 2006, Tadic 2007, Young, 

et al. 1993).    

Despite the negative changes of the lips, mentolabial fold, and nasolabial fold, the 

commissures showed no consistent pattern of change.  In some instances the 

commissures showed positive change, although the lips were retracted.  There was 

often an asymmetric change of the commissures, with the right and left sides 

behaving differently.  

The cheeks also exhibited an inconsistent pattern of change.  It has been 

observed by Kau et al. (2008) that the cheeks get flatter due to growth, producing a 

flatter profile.  Our results, however, showed that this only occurred predictably in 

the high-angle, non-extraction (HN) group (Kau et al. 2008). In all other groups, the 

cheeks showed a variation of positive and negative changes. 

Our results also showed that the nose grew forward and downward for all 

groups due to growth.  The chin grew downward, but showed variable response in 

forward or backward movement.  These growth patterns agree with multiple other 

3D soft-tissue studies (Franklin 2009, Ismail and Moss 2002, Ismail, Moss, and 

Hennessey 2002, Moss, et al. 2003).  Similar to our findings, Zierhut et al. (2000) 

found that regardless of treatment type, the profile became flattener due to 

maturational changes associated with mandibular growth and nasal development 

(Zierhut, et al. 2000). 

Comparison of the high and low angle groups revealed no consistent differences, 

which agrees with other literature. Previous publications reported that the effect of 
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the mandibular plane angle on the soft-tissue profile of patients treated with 

extraction therapy seemed to be inconsistent (Franklin 2009, Lai, et al. 2000, Ozaki 

2007, Stromboni 1979).  Our results support this conclusion; there may be little 

effect of mandibular plane angle on the soft tissue response  

In our error analysis, serial superimpositions of subjects LE1 and LN11 showed 

that the 3dMDvultus software allows consistent and repeatable superimpositions, 

with the RMS value varying less than 0.1mm.   Superimpositions were registered on 

the nasal bridge, forehead, and circular area at the temples; these areas were 

identified by Croft (2008) as the most accurate and stable soft tissues sites for 3D 

superimpositions (Croft 2008).  To date, there is no better method of 

superimposition proposed for 3D soft-tissue analysis.   

Vertical growth, as noted by Franklin (2009), can skew the soft-tissue changes 

observed.  For example, if the nose grows down and forward, the post-treatment 

nasal-tip will be positioned over the pre-treatment nasolabial fold (Figure 56).  The 

3dMDvultus software creates the color histogram by calculating the distance 

between the pre-treatment and post-treatment images along a line perpendicular to 

the reference surface (Franklin 2009).  When there is a large increase in vertical 

growth, the nasal tip of the post-treatment image will now overlay the nasolabial 

fold of the pre-treatment image; consequently the color histogram will show a 

positive change at the nasolabial fold, although it did not move forward (Figure 56).  

As a result, Franklin (2009) stated that “the point-to-point changes that are 
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traditionally used to evaluate extraction orthodontic treatment are ultimately 

skewed when vertical growth predominates” (Franklin 2009).  

 
Figure 56. Vertical growth skewing superimposition. 

 
 It is clear that three-dimensional soft-tissue imaging facilitates the studies of 

areas of the face that were inaccessible to researchers.  As one can see from the 

results of this study, qualitative assessment of soft-tissue facial changes provides 

more information than quantitative analysis.  Perhaps, this is why orthodontist may 

initially focus on the cephalometric numbers when diagnosing, but ultimately the 

clinician’s judgment ignores the numbers, looking instead at the face, as whole. The 

esthetic outcome of orthodontic treatment is, thus, in the end assessed qualitatively.  

If the specialty is to truly understand how orthodontic treatment affects the face, 

and how to achieve the best facial esthetics, 3-D soft-tissue evaluation appears to be 

the only informative way. Future endeavors should work towards evaluating 3-D 

soft-tissue changes linked to 3-D skeletal images (CBCT), so the hard and soft-tissue 

can be better evaluated. 
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CHAPTER 7 

CONCLUSIONS 

Quantitative analyses found no statistically significant linear and volumetric 

differences between each group, whereas, the qualitative analysis of the 3-D 

histograms revealed the following patterns.  

1. Similar changes resulting from treatment type (extraction vs. non-extraction) 

were seen in both the high and low angle groups.  

2. The changes exhibited by the upper lip were independent of treatment and 

facial type: retraction was seen in all groups, likely due to Class II mechanics. 

The potential to affect the upper lip exists independent of treatment type, 

and is linked more closely to treatment mechanics. 

3. In contrast, the changes exhibited by the lower lip, nasolabial fold, and 

mentolabial fold were more dependent on treatment type, exhibiting more 

negative changes in the extraction groups.   

4. The commissures and cheeks exhibited unpredictable changes regardless of 

treatment and facial type.  

5. The nose moved forward and downward in all groups due to growth. The 

chin grew downward in all groups, but showed variable change in forward or 

backward movement.   

6. These data suggest that orthodontic treatment may in fact induce predictable 

qualitative responses from specific areas of the soft-tissue face.  

7. Qualitative assessment of soft-tissue facial change is more appropriate than 

quantitative assessment. For the best accuracy, however, the degree of 

change needs to be predicted by the clinician. 
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APPENDIX A 

Statistical Analysis 

 

Upper Lip Pairwise Comparisons 

Group - Group Mean 

Difference 

p-Value Lower CL Upper CL 

GROUP HE GROUP HN 0.44 0.998 -3.42 4.81 

GROUP LN GROUP LE 4.56 0.520 -3.12 5.06 

GROUP LE GROUP HE -1.25 0.952 -7.42 4.34 

GROUP LN GROUP HN -0.25 1.000 -2.39 1.78 

 

Lower Lip Pairwise Comparisons 

Group - Group Mean 

Difference 

p-Value Lower CL Upper CL 

GROUP HN GROUP HE 3.56 0.491 -2.45 5.400 

GROUP LN GROUP LE 1.00 0.991 -3.35 5.290 

GROUP LE GROUP HE 0.97 0.976 -5.73 6.300 

GROUP LN GROUP HN -0.75 0.996 -2.65 2.320 

 

Right Commissure Pairwise Comparisons 

Group - Group Mean 

Difference 

p-Value Lower CL Upper CL 

GROUP HN GROUP HE 2.89 0.660 -1.83 4.510 

GROUP LN GROUP LE 2.11 0.921 -3.01 4.380 

GROUP LE GROUP HE 0.69 0.991 -5.08 5.820 

GROUP LN GROUP HN -0.75 0.996 -2.08 2.110 

 

Left Commissure Pairwise Comparisons 

Group - Group Mean 

Difference 

p-Value Lower CL Upper CL 

GROUP HN GROUP HE 3.56 0.491 -2.19 6.16 

GROUP LN GROUP LE -0.78 0.996 -2.12 2.21 

GROUP LE GROUP HE 1.53 0.916 -3.98 6.80 

GROUP LN GROUP HN -3.92 0.621 -2.23 0.84 
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Tip of Nose Pairwise Comparisons 

Group - Group Mean 

Difference 

p-Value Lower CL Upper CL 

GROUP HN GROUP HE 0.22 1.000 -2.22 1.810 

GROUP LN GROUP LE -2.33 0.897 -2.30 1.410 

GROUP LE GROUP HE 0.42 0.998 -2.82 2.300 

GROUP LN GROUP HN -2.92 0.805 -1.84 1.130 

 

Right Cheek Pairwise Comparisons 

Group - Group Mean 

Difference 

p-Value Lower CL Upper CL 

GROUP HN GROUP HE -3.33 0.547 -3.52 1.45 

GROUP LN GROUP LE 3.44 0.730 -1.31 3.78 

GROUP LE GROUP HE -0.97 0.976 -4.98 4.21 

GROUP LN GROUP HN 8.92 0.030 0.04 3.49 

 

Left Cheek Pairwise Comparisons 

Group - Group Mean 

Difference 

p-Value Lower CL Upper CL 

GROUP HN GROUP HE -2.00 0.857 -3.51 1.980 

GROUP LN GROUP LE -2.33 0.897 -2.93 2.850 

GROUP LE GROUP HE -0.14 1.000 -4.68 3.490 

GROUP LN GROUP HN 0.75 0.996 -1.57 1.800 

 

Chin Pairwise Comparisons 

Group - Group Mean 

Difference 

p-Value Lower CL Upper CL 

GROUP HN GROUP HE -0.67 0.994 -5.93 6.75 

GROUP LN GROUP LE 2.33 0.897 -3.42 4.54 

GROUP LE GROUP HE -0.42 0.998 -6.25 7.91 

GROUP LN GROUP HN 1.75 0.949 -2.53 4.29 

 

Volume Pairwise Comparisons 

Group - Group Mean 

Difference 

p-Value Lower CL Upper CL 

GROUP HN GROUP HE 0.00 1.000 -12.52 21.29 

GROUP LN GROUP LE 0.33 1.000 -11.01 19.48 

GROUP LE GROUP HE 0.14 1.000 -24.25 24.33 

GROUP LN GROUP HN 1.75 0.949 -4.84 8.41 

 


