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ABSTRACT 
 

 
Title of Thesis: Optimal Antero-Posterior Position of the Maxillary Central 

Incisors and its Relationship to the Forehead in Adult Asian 
Males 

Jessica Kocan, DDS Master of Science 2021 
 

Thesis Directed by: Dina Sanchez, DDS 
Clinical Assistant Professor 
University of Maryland School of Dentistry, Department of 
Orthodontics 

 

Objective: To determine an optimal antero-posterior (AP) position of the maxillary 

central incisors (CI) and its relationship to the forehead in Asian males. 

Methods: Smiling profile photographs of 60 Asian males were obtained and divided into 

three groups based on the judged AP position of CI (“just about right,” “too far forward,” 

“too far back”), as evaluated by orthodontists and laypersons. CI position and forehead 

inclination (FI) were measured relative to glabella vertical (GV). Statistical analysis 

tested for differences among groups, differences between orthodontists and laypersons, 

and the relationship between CI position and FI. 

Results: Optimal CI position was 0.86mm anterior to GV. There were statistical 

differences between orthodontists and laypersons in the study groups. CI position and FI 

showed moderate positive correlation.  

Conclusions: In Asian males, the AP position of the CI can be evaluated relative to the 

forehead, to plan for optimized CI position and maximized facial harmony.   
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1. Introduction and Literature Review 

 Facial attractiveness has been a topic of great interest for centuries. It has been the 

focus of research in numerous different disciplines ranging from developmental 

psychology, to evolutionary biology, to sociology (Ibáñez-Berganza et al., 2019). This 

research has shown that the perception of facial attractiveness, by oneself and others, 

affects many aspects of an individual’s life—mental health, social behavior, educational 

and employment opportunities, and mate selection (Giddon, 1995). Attractive people have 

more dates than less attractive people (Riggio & Woll, 1984). Attractive individuals are 

perceived to possess more positive personality attributions (Chiu & Babcock, 2002). In 

mock interviews, attractive people are more likely to be hired than less attractive 

individuals (Cash & Kilcullen, 1985). Attractiveness correlates positively with both 

reported happiness and self-esteem (Mathes & Kahn, 1975). It has been argued that facial 

attractiveness is a key element of social power (Matoula & Pancherz, 2006). 

 In modern society, the value placed on physical attractiveness is greater than ever. 

It is therefore no surprise that the primary reason adults state for seeking orthodontic 

treatment is “improvement in appearance” (Margolis, 1997). This is also because it is 

widely accepted that orthodontic tooth movement can alter facial esthetics (Arnett & 

Bergman, 1993). Thus, while in the past the focus of orthodontic treatment was often on 

achieving ideal occlusion, contemporary orthodontics places greater emphasis on also 

enhancing facial esthetics (Işıksal et al., 2006). 

 Despite the extensive research to support the influences of facial attractiveness, 

exactly what defines facial beauty remains poorly defined. Orthodontists have tried to 

describe beauty, and have attempted to predict how orthodontic tooth movement affects 
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facial esthetics. But, as Arnett argues, “[recognizing] a beautiful face is innate but 

translating that into defined treatment goals can be problematic,” as objective standards of 

beauty are difficult (Arnett & Bergman, 1993). 

Over the years, numerous cephalometric analyses have been developed to aid in 

standardizing and quantifying facial evaluation. Theses analyses evaluate the face from a 

profile perspective, which is a key aspect of orthodontic diagnosis and treatment planning. 

Theses analyses use osseous landmarks viewed on cephalometric radiographs to define 

points, lines, angles, and planes that quantify dentofacial characteristics. Normative values 

have been established to help define an “ideal” facial profile. Among the most commonly 

used cephalometric analyses are Ricketts, Downs, Steiner, Wits, and Tweed (Arnett & 

Bergman, 1993). 

However, investigations into the reproducibility of traditional cephalometric 

analyses have shown that they can be unreliable (Richardson, 1996). This inconsistency 

can be attributed to two main errors: 1) errors of projection, and 2) errors of identification. 

Errors of projection result because of the geometry of the radiographic setup; there is radial 

displacement of all points that are not on the central ray, which leads to distortion, with 

points closer to the film magnified less than points farther from the film. Errors in 

identification are the result of the uncertainty involved in locating specific anatomic 

landmarks on cephalometric radiographs. The precision with which landmarks can be 

identified depends on numerous factors, including: if the landmark lies on a curved or 

straight structure, the contrast in that area, superimposition of other structures, and operator 

experience (Baumrind & Frantz, 1971). 
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Additionally, many studies have shown that orthodontic treatment planning based 

on cephalometric standards may lead to less than desirable facial outcomes (Arnett & 

Bergman, 1993; Park & Burstone, 1986). The soft tissue covering the craniofacial complex 

can vary greatly, and thus looking only at osseous landmarks can lead to an incomplete and 

inaccurate evaluation (Legan & Burstone, 1980). It has been reported that changes to facial 

appearance after orthodontic treatment and/or orthognathic surgery can be influenced by 

tension of lips, thickness of soft tissues, shape and function of muscles as well as 

movements of bone and teeth (Ayoub et al., 1991). It has also been argued that when the 

cranial based is used the reference line to measure the facial profile, as is done in 

cephalometric analyses, incorrect findings can be generated (Arnett & Bergman, 1993). 

Studies have found that measurements based on natural head position perform better than 

comparable variables based on an intracranial reference line (Tourne et al., 1993).  

Fortunately, in more recent years, orthodontic analyses looking at variables beyond 

just osseous landmarks have been developed. One of the most reliable and well-respected 

analyses is Andrews’ 6 Elements of Orofacial HarmonyTM (Resnick et al., 2018). Andrews 

began development of his philosophy in the 1960s by studying 120 dental casts of subjects 

with “naturally harmonious dentitions.” He looked for common characteristics and found 

six; he termed them the “6 Keys to Optimal Occlusion”© (Andrews, 1972). 

Later, in the 1980s, Andrews started a new research project, in search of evidence-

based treatment goals for antero-posterior tooth and jaw positions. This was done by again 

looking for commonalities among harmonious subjects, but instead of dental casts, profile 

photographs were studied. Andrews compiled more than 1,000 profile images of persons 

judged by society, model and movie studios, and professional advertisers to have facial 
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harmony; the majority of images were found in magazines. The combined studies of the 

120 dental casts and the 1,000+ profile images led to the development of Andrews’ 6 

Elements of Orofacial HarmonyTM, which serve as the treatment goals for the six areas of 

the orofacial complex for which orthodontists have diagnostic treatment responsibility. 

Andrews termed these six areas “elements” and states that these collectively describe the 

tooth, arch, jaw, and chin characteristics associated with optimum health, function, and 

appearance (Andrews, 2000b). The Six Elements are described below. 
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1.1- Element I: The arch 

 Element I describes the optimal maxillary and mandibular arches, which include 

teeth individually (morphology, quantity, and positions) and teeth collectively (arch width, 

shape, length, depth, and symmetry). According to Andrews, an arch is optimal when: the 

roots are centered over basal bone, the crowns are inclined so the teeth can interface and 

function optimally, the Curve of Spee is between 0 and 2.5 mm, the contact areas abut, and 

skeletal maxillary width is in harmony with skeletal mandibular width. This element is the 

cornerstone of the remaining elements (Andrews, 2000a). 

 

 
Figure 1: Element I: The arch (Andrews, 2000a) 
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1.2- Element II: Antero-posterior (AP) jaw positions 

Element II defines the optimal position of the jaws based on the forehead. Thus, the 

first step in applying Element II is to identify numerous forehead landmarks described by 

Andrews to help identify the clinical forehead (Figure 2). These include: 1) Trichion- the 

superior border of the anatomical forehead; anatomically, it is demarcated by the natural 

hairline. 2) Superion- the point on angular and round foreheads that represents the superior 

boundary of the clinical forehead. 3) Forehead facial axis (FFA) point- a point on the 

midsagittal plane of the forehead that is midway between the superior and inferior borders 

of the clinical forehead. 4) Glabella- the area on the frontal bone above the nasion and 

between the eyebrows; in profile, its most prominent portion is considered the inferior 

border of the clinical forehead (Andrews, 2000b). 

 

 
Figure 2: Forehead landmarks (Andrews, 2008) 
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Next, the shape of the individuals’ forehead is determined and classified as either 

straight, angular, or round (Figure 3). 

 

 
Figure 3: Forehead shape (Gidaly et al., 2019) 

 

For straight foreheads, the clinical and anatomical forehead are the same, spanning 

from trichion to glabella with FFA as the midpoint. For angular or round foreheads, the 

clinical and anatomical forehead are different, being demarcated by superion and trichion, 

respectively. Andrews’ analysis is based on the clinical forehead; thus, for angular and 

round foreheads, the forehead is considered to span from superion to glabella with FFA as 

the midpoint (Figure 4) (Andrews, 2008).   
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Figure 4: Forehead anatomy. A) Straight, B) Round, C) Angular (Andrews, 2008) 

 

Thereafter, forehead inclination is determined by drawing a line from glabella to 

the superior aspect of the clinical forehead (either trichion or superion). The inclination is 

defined as the angle between this line and the head’s frontal plane (Andrews & Andrews, 

1999). 

Finally, two anterior limit lines are identified—the forehead’s anterior limit line 

(FALL) and the goal anterior limit line (GALL). FALL is defined as a line that parallels 

the head’s frontal plane and passes through the forehead’s facial axis point (FFA). GALL 

is defined as a line that parallels the head’s frontal plane and represents the optimal anterior 

border for an Element I dentition. GALL matches FALL when the cant of the forehead is 

7 degrees or less. For every degree the forehead is canted more than 7 degrees, GALL 

passes through a point on the forehead that is .6 mm anterior to the FFA point, but never 
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beyond glabella (Figure 5). Therefore, the greater the forehead inclination, the more 

anterior the optimal incisor position (Andrews & Andrews, 1999). 

Element II states that the AP position of the maxilla is optimal when the facial axis 

(FA) points (points on the midsagittal plane of the face of the clinical crown midway 

between its gingival and occlusal borders) of Element I maxillary incisors are on the 

GALL. Mandibular AP position is optimal when it is in centric relation, the incisors are 

Element I, and they interface optimally with Element I incisors in an optimal maxilla 

(Andrews, 2000b). 

 

 
Figure 5: Element II: AP jaw positions. Determining GALL based on forehead 

inclination (Andrews & Andrews, 1999) 
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1.3- Element III: Jaw widths 

For most individuals, the width of the mandible is naturally optimal. The width of 

the maxilla is optimal when the distance X’ mm (measured between the mesio-lingual cusp 

tips of Element I maxillary first molars) is equal to the distance X mm (measured between 

the central fossae of the Element I mandibular first molars) (Andrews, 2000b). 

 

 
Figure 6: Element III: Jaw widths (Andrews, 2000b) 
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1.4- Element IV: Jaw heights 

Jaw heights are optimal when: 1) the tooth positions satisfy Element I, 2) the middle 

anterior, lower anterior, and posterior face heights are in harmony with each other, 3) the 

maxillary incisors’ FA points are level with the lower border of the upper lip in repose, and 

4) the occlusal plane is in harmony with function and esthetics (Andrews, 2000b). 

 

 
Figure 7: Element IV: Jaw heights (Andrews, 2000b) 
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1.5- Element V: Chin prominence 

Chin prominence is optimal when pogonion point matches the prominence of the 

FA points of Element I mandibular incisors. This is measured independently of the AP 

position of the mandible (Andrews, 2000b). 

 

 
Figure 8: Element V: Chin prominence (Andrews, 2000b) 
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1.6- Element VI: Occlusion 

Element VI is Andrews’ Six Keys to Optimal Occlusion©. These six key are: I) 

proper interarch relationship (class I), II) proper crown angulation (mesiodistal tip), III) 

proper crown inclination (faciolingual tip), IV) no rotations, V) no spaces, VI) flat to slight 

Curve of Spee (Andrews, 1972). 

 

 
Figure 9: Element VI: Occlusion (Andrews, 1972) 
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An important component when applying Andrews’ analysis to a subject is to ensure 

proper positioning of the subject’s head. Since the institution of orthodontics in the late 

1950s, the natural head position has been used as a reference position for the evaluation of 

craniofacial morphology (Moorrees & Kean, 1958). The natural head position is considered 

the most balanced, natural position of the head when someone views an object at eye level. 

And it is “an individual, functional, psychological position that indicates a person’s true 

appearance” (Lundström et al., 1995). It is regarded as a more valid craniofacial reference 

system than anatomical craniofacial planes (Cassi et al., 2016). In the 1990s, a new concept 

was introduced that improved and gave further value to concept of natural head position; 

this was called natural head orientation. Natural head orientation is defined as the position 

of the subject’s head while he/she is looking towards a distant point at eye level, reoriented 

by the operator (Lundström et al., 1995). It is not uncommon for subjects with skeletal 

malocclusions, such as mandibular prognathism or retrognathism, to hold altered head 

positions with an attempt to camouflage their skeletal patterns. Thus, it is best for an 

experienced clinician to modify it so true craniofacial features can be analyzed 

(Halazonetis, 2002). This is also regarded as the best option for research purposes 

(Lundström et al., 1995). 

Of Andrews’ Six Elements, Element II is the element that is used most to analyze 

and optimize profile facial esthetics. In Andrews’ early studies of profile images from 

magazines, it was discovered that the judges naturally used the “forehead’s prominence 

and inclination as the landmark and the favorably positioned maxillary incisors as the 

referents for determining the harmony of tooth and jaw positions in profile” (Andrews, 

2000b). Further research confirmed the validity in using the forehead and maxillary 
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incisors as key components of profile facial analysis. This is why Andrews determined 

GALL (i.e. the optimal position of the maxillary incisors), using the forehead position and 

inclination.  

Several studies have confirmed the validity in Andrews’ method to evaluate and set 

goals for profile attractiveness (Resnick et al., 2018; Schlosser et al., 2005). These studies 

have shown Andrews’ method to be a useful tool for orthodontic and orthognathic surgical 

diagnosis and treatment planning. Additionally, recent research has shown glabella vertical 

(GV)—a line that is parallel to the frontal plane of the head and passes through soft tissue 

glabella—corresponds with GALL in most Caucasian patients. More specifically, it has 

been found that in 95% of the population, the GALL is within 1mm of GV (Tomblyn, 

2015). Therefore, GV is now regularly used as a reliable reference for the anterior maxillary 

incisor AP position (Carruitero et al., 2019; Tomblyn, 2015). However, Andrews’ original 

study, as well as these subsequent studies, only investigated this relationship between the 

forehead and maxillary incisor position in Caucasian patients (Andrews, 2008). 

Numerous other studies have shown that facial esthetic norms can vary greatly 

among different ethnicities. It is a widespread belief that standards of attractiveness are 

learned through exposure to culturally presented ideals; thus, diverse cultures often vary 

considerably in what they perceive as facial attractiveness (Wolf, 1991). For example, Hall 

et al. (2000) looked at the perceived optimal profiles of African Americans versus 

Caucasian Americans. They found significant differences in the preferred maxillary 

protrusion (A point), nasolabial angle, lip prominence, and facial convexity, as shown in 

Figure 10. 
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Figure 10: Profile preferences for (A) Caucasian sample versus (B) African American 
sample (Hall et al., 2000) 

 

Another study looked at the esthetic preferences for profile lip position in European 

American, Hispanic American, Japanese American, and African American samples. The 

silhouette profiles of the samples were judged by 30 laypersons of varying ethnicities 

(European Americans, Hispanic Americans, Japanese, and Africans). It was found that 

more retruded lip profiles were preferred for Japanese American patients than for African 

American patients, and for European American patients than for Japanese and African 

American patients. This study also showed that patient gender had significant influences 

on lip profile preferences, with more retruded lips being preferred for males than for 

females (Nomura et al., 2009). A meta-analysis of current esthetic principles and 

preferences used for facial esthetic surgeries were compared between Caucasian and East 
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Asian female populations. It was found that compared with Caucasian women, East Asian 

women prefer a small, delicate, and less robust face, lower position of double eyelid, more 

obtuse nasofrontal angle, rounder nose tip, smaller tip projection, and slightly more 

retruded mandibular profile (Gao et al., 2018).  

Given these variations in facial esthetic preferences among different ethnic groups, 

it cannot be assumed that Andrews’ analysis will apply universally to all ethnicities. To 

start exploring Andrews’ analysis in various ethnic populations, a recent study applied the 

analysis to adult African American females. While the study found that the forehead is a 

useful landmark for profile facial analysis, it found that the optimal antero-posterior 

position of the maxillary incisors for African American females varied significantly from 

the optimal position for Caucasian females, as proposed by Andrews. They found the mean 

of the optimal incisor position was 8.58mm anterior to glabella vertical (Gidaly et al., 

2019). 

Additionally, even within one ethnic group, facial esthetic preferences can vary 

between males and females. One study looked at an Asian perspective on facial profile 

attractiveness by having laypersons from various Asian countries evaluate profile 

photographs of a Chinese male and a Chinese female. Each photograph was digitally 

modified to create seven facial profiles. For the male profile, a “normal” Class I profile 

was rated as most attractive. For the female profile, a bimaxillary retrusive profile, (i.e.- 

flatter profile with upright upper and lower incisors and less protrusive anterior alveolar 

segments) was considered most attractive (Soh et al., 2007). Therefore, it cannot be 

assumed that the optimal AP position of the maxillary incisors is the same for both genders.  
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1.7- Statement of the problem and specific aims 

An important component of diagnosis and treatment planning for contemporary 

orthodontics and orthognathic surgery is evaluation of the antero-posterior position of the 

maxillary incisors from a smiling profile perspective. Andrews’ analysis, which relates the 

maxillary incisor position to the forehead position and inclination, has been shown as a 

reliable and useful tool for facial profile assessment. However, there currently is no 

research on the applicability of Andrews’ method to an adult Asian male population. 

Therefore, the specific aim of this study was to determine an optimal antero-posterior 

position of the maxillary central incisors and their relationship to the forehead in adult 

Asian males, as judged by orthodontists and laypersons. This will be useful for orthodontic 

and surgical diagnosis and treatment planning.  
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1.8- Hypotheses 

The hypotheses were: 

1) Proven as a valid tool for other ethnic groups, we hypothesized that for adult Asian 

males, the relationship of the upper central incisor to the forehead can be used to 

determine the ideal antero-posterior incisor position. 

2) Based on the opinions of orthodontists and laypersons, we hypothesized that the 

optimal antero-posterior position of the maxillary incisors for adult Asian males 

will differ from the established position for Caucasians. This was based on previous 

studies that showed differences in profile esthetics among different ethnic groups. 

3) As was previously proven true for other ethnic groups, we hypothesized that the 

greater the forehead inclination, the more anterior the optimal maxillary incisor 

position. 

4) Based on Andrews’ observation that judges naturally use the forehead and 

maxillary incisors for determining the harmony of tooth and jaw positions in 

profile, we hypothesized that orthodontists and laypersons will not have 

significantly different opinions on the optimal antero-posterior position of the 

maxillary central incisors. 

 

  



 20 

2. Materials and Methods 

The University of Maryland, Baltimore Institutional Review Board (IRB) 

determined the research protocol to be exempt from IRB review under 45 CRF 46.101(b). 

 

2.1- Photograph participants 

Sixty-five subjects were recruited from the University of Maryland School of 

Dentistry. Five subjects were later eliminated, due to an obstructed view of the forehead 

and thus an inability to properly complete measurements on their photographs. Therefore, 

the total number of subjects included in the study was sixty. Informed consent was obtained 

from all subjects prior to study participation. All subjects were compensated for their time 

with a ten-dollar gift certificate. Inclusion criteria included: 1) age 18 years or older, 2) no 

history of any dentofacial deformities, 3) no history of orthognathic surgery, 4) male 

gender, 5) East or Southeast Asian ethnicity, as defined by Merriam-Webster; this included 

ethnicity from the following countries: China, Japan, Taiwan, North Korea, South Korea, 

Mongolia, Myanmar, Brunei, Thailand, Malaysia, Laos, Cambodia, Vietnam, Singapore, 

Indonesia, Philippines (East Asia, 2020; Southeast Asia, 2020). Exclusion criteria was as 

follows: 1) history of any dentofacial deformities, 2) history of orthognathic surgery, 3) 

currently undergoing orthodontic treatment. A history of previous orthodontic treatment 

was not an exclusion factor, but each participant was asked to indicate if he had orthodontic 

treatment in the past. Thirty participants (50%) had previous orthodontic treatment; thirty 

participants (50%) had no history of previous orthodontic treatment. The mean age was 

31.4 years old (SD 9.62, range: 22–64). A summary of participant ethnicities is shown in 
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Figure 11. The participants of mixed ethnicity were a mix of two of the qualifying 

ethnicities. 

 

 
Figure 11: Ethnicities of participants photographed for study 
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2.2- Photograph 

 Each participant was positioned in natural head orientation, facing anatomic left. 

To obtain this position, the subject was seated, looking into a mirror at eye-level, as 

described in previous studies (Lundström et al., 1995; Moorrees & Kean, 1958).  As 

deemed necessary by the operator, minor adjustment to the participant’s head position were 

made. A level was used to establish a true vertical line in the photograph background. For 

calibration of measurements, a millimeter rule was attached to a rod projecting from the 

wall, so the ruler could be positioned at the participant’s midsagittal plane, beneath eye-

level. A smiling profile photograph of each participant was taken, with the forehead and 

maxillary incisors in full view. Photographs were taken to include subject’s collarbone as 

the bottom border and approximately 2 inches above the top of the head as the top border. 

All photographs were taken by a single operator with the same camera (Nikon D3200; 

resolution of 24200000 pixels). Photographs were taken in black-and-white at a fixed 

distance to the participant’s midsagittal plane (7 feet). This method was reproducible. A 

sample photograph is shown in Figure 12. 
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Figure 12: Sample smiling profile photograph of subject positioned in natural head 

orientation 

  



 24 

2.3- Evaluation and grouping 

 All photographs were deidentified, cropped to only include the subject (i.e.- remove 

ruler and true vertical line in background), and then uploaded into a RedCap survey. The 

survey was distributed to orthodontists and laypersons. Survey respondents were asked to 

evaluate each photo independently, and based only on their opinion of what is attractive, 

respond as to whether they think the position of the maxillary incisors is 1) too far forward, 

2) too far back, or 3) just about right. This wording was used in a previous study evaluating 

the optimal incisor position in Caucasian males (Syed, 2021). Wording the question in this 

way makes is easily understood by laypersons. Additionally, it helps all raters to focus 

solely on the position of the incisors, rather than evaluating other aspects of the face if they 

were to be asked to more broadly rate the profile attractiveness. A copy of the instructions 

given to evaluators and the survey are included in the Appendix. 

A total of 194 completed surveys were obtained—117 (60.3%) were completed by 

orthodontists and 77 (39.7%) were completed by laypersons with no formal dental 

education. The summary of demographics of all evaluators is shown in Table 1. A summary 

of the years in practice of the orthodontists is shown in Figure 13. 
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 Orthodontists Laypersons Overall 
Age    

Minimum age 
(years) 27 23 23 

Maximum age 
(years) 83 89 89 

Mean age 
(years) 43.33 41.60 42.64 

Standard deviation 12.97 16.50 14.46 
    

Gender    

Male 20 
(17.1%) 

22 
(28.6%) 

42 
(21.6%) 

Female 97 
(82.9%) 

55 
(71.4%) 

152 
(78.4%) 

    
Ethnicity    

Caucasian 92 
(78.6%) 

65 
(84.4%) 

157 
(80.9%) 

Hispanic/Latino 7 
(6.0%) 

4 
(5.2%) 

11 
(5.7%) 

Black/African 
American 

4 
(3.4%) 

2 
(2.6%) 

6 
(3.1%) 

Asian 12 
(10.3%) 

4 
(5.2%) 

16 
(8.2%) 

Other 2 
(1.7%) 

2 
(2.6%) 

4 
(2.1%) 

Table 1: Demographics summary of photograph evaluators 
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Figure 13: Summary of years in practice for orthodontic survey respondents 

 

Based on survey responses, the photographs were divided into groups. First, the 

responses from orthodontists were separated from those of laypersons. The optimal group 

was defined as the subjects who were rated as “just about right” by over 70% of either 

orthodontic or layperson judges. Similarly, subjects rated as “too far forward” or “too far 

back” by at least 70% of respondents were placed in the respective groups. A 70% cutoff 

was used, as this was shown as a valid design in previous similar studies (Syed, 2021). 
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2.4- Photograph formatting and landmark identification 

 All photographs were uploaded to Microsoft PowerPoint—one photograph per 

slide (60 slides total). For each photo, the ruler in the photograph was used to calibrate a 

digital ruler, by matching 40mm of length between the two (Figure 14). 

 

 
Figure 14: Calibration of digital ruler using 40mm of ruler in photograph 

 

 On each photograph, a vertical line was drawn that was parallel to the true vertical 

line in the photo background. The line was positioned touching the subject’s soft tissue 

glabella, and thus is called glabella vertical (GV). This is shown in Figure 15. 
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Figure 15: Sample photograph with glabella vertical line drawn 

 

 For each photograph, a dot was placed on the most superior aspect of the 

forehead—trichion for flat foreheads and superion for round or angular foreheads. A line 

was then drawn connecting soft tissue glabella and the dot on either trichion or superion. 

An example of this is shown via the green dot and green line in Figure 16. 
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Figure 16: Sample photo with forehead landmark and forehead inclination line 
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2.5- Measurements 

 The digital ruler was used to measure the distance from the FA point of the 

maxillary central incisor to glabella vertical. The number was recorded for each subject. 

This is shown in Figure 17. 

 

 
Figure 17: Sample photograph with digital ruler used to measure distance from FA point 

of maxillary central incisor to glabella vertical 

 

 Forehead inclination was measured using a digital protractor to measure the angle 

between glabella vertical (red line) and forehead inclination line (green line). The number 

was recorded for each subject. An example of this is shown in Figure 18. 
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Figure 18: Sample photograph with protractor to measure forehead inclination 

 
 
 To ensure the accuracy and reliability of the data, all measurements were taken by 

two independent raters. Each rater also re-measured a random sample of 10% of the 

photographs at a second time point. 
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2.6- Data Analysis 

The following statistical analyses were done to evaluate the data 

• Intraclass correlation coefficient (ICC) to assess intra- and inter-rater reliability 

• Descriptive statistics to summarize maxillary incisor AP position within each group 

(mean, standard deviation, range) 

• One-way ANOVA to determine whether there were differences in mean GV 

between the three groups for both orthodontists and laypersons. Tukey’s post-hoc 

test to determine which groups differed 

• t-tests to test for differences between orthodontists and laypersons within each 

group 

• t-tests and one-way ANOVA tests to evaluate for differences based on rater 

demographics (age, gender, years in practice) 

• Pearson’s chi-squared test to evaluate the relationship between incisor position and 

forehead inclination within the optimal groups 
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3. Results 

3.1- Inter- and Intra-Rater Reliability 

The intraclass correlation coefficient (ICC) was 0.998 (p<0.001) between raters. 

The ICC between timepoints was 0.996 (p<0.0001) and 0.998 (p<0.001) for raters 1 and 2, 

respectively. These values indicate very high reliability. Because of this very high 

consistency between and within evaluators, only the measurements from the first evaluator 

were used. These values also confirm the reliability of the measurement methods used in 

this study.  
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3.2- Mean AP Maxillary Central Incisor Position 

 Table 2 summarizes the mean antero-posterior position (mm) of the maxillary 

central incisors relative to glabella vertical. This is shown visually in Figure 19. 

 

 Too far back Just about right Too far forward 

Orthodontists -3.25 ± 5.68 0.97 ± 5.12 10.39 ± 5.52 

Laypersons -1.94 ± 6.53 0.65 ± 5.73 8.83 ± 5.77 

Table 2: Summary of mean CI position relative to GV 

 

 

 
Figure 19: Graphic representation of mean CI position relative to GV.  

White = too far back, Green = just about right (optimal), Red = too far forward. 
 

 

The optimal incisor position (“just about right” group) relative to GV for all 

evaluators was 0.86mm ± 5.34. 
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3.3- Evaluation of Statistical Differences 

One-way ANOVA testing was used to determine whether there were differences in 

mean incisor position between the three groups for both orthodontists and laypersons. For 

each of the three classifications, we include all subjects. The overall models indicate that 

there were indeed statistical differences in the mean incisor to GV measurement among the 

three groups for both orthodontists (F=780.32 p<0.0001) and laypersons (F=589.49, 

p<0.0001). Using Tukey’s post-hoc test, it was determined that all groups significantly 

differed from one another for both orthodontists and laypersons (p<0.05). The results of 

Tukey’s post-hoc test are shown in Tables 3 and 4. In both tables, comparisons significant 

at the 0.05 level are indicated by ***. 

Orthodontists 

 
Difference 
Between 
Means 

Simultaneous 95% 
Confidence Limits 

 

Too Far Forward vs. Just about Right 6.10 5.58 6.62 *** 
Too Far Forward vs. Too Far Back 9.39 8.83 9.95 *** 

Just About Right vs. Too Far Forward -6.10 -6.62 -5.58 *** 
Just About Right vs. Too Far Back 3.29 2.86 3.71 *** 
Too Far Back vs. Too Far Forward -9.39 -9.95 -8.83 *** 
Too Far Back vs. Just About Right -3.29 -3.71 -2.86 *** 

Table 3: Summary of statistical differences among groups for orthodontists 

 

Laypersons 

 
Difference 
Between 
Means 

Simultaneous 95% 
Confidence Limits 

 

Too Far Forward vs. Just about Right 5.45 4.89 6.01 *** 
Too Far Forward vs. Too Far Back 8.34 7.77 8.91 *** 

Just About Right vs. Too Far Forward -5.45 -6.01 -4.89 *** 
Just About Right vs. Too Far Back 2.89 2.38 3.39 *** 
Too Far Back vs. Too Far Forward -8.34 -8.91 -7.77 *** 
Too Far Back vs. Just About Right -2.89 -3.39 -2.38 *** 

Table 4: Summary of statistical differences among groups for laypersons 
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t-tests evaluated for differences between orthodontists and laypersons within each 

group. A few statistical differences between orthodontists and laypersons were found. 

Within the optimal group, there was no statistical difference between the ratings of 

orthodontists and laypersons (t= -1.67, p<0.0945). For the group rated “too far forward,” 

there was a statistical difference between the ratings of orthodontists and laypersons (t=-

3.59, p=0.0004).  The “too far back” group also showed statistical difference between the 

orthodontists and laypersons (t=3.79, p=0.0002). 

A t-test and a one-way ANOVA tests evaluated for differences in optimal incisor 

to GV measurement based on evaluator demographics. The tests indicated that none of 

the following demographics had an effect on evaluator rating of the optimal incisor 

position for either orthodontists or laypersons: age, gender, years in orthodontic practice. 

The summary of results of the statistical tests are shown in Table 5. 

 

 Orthodontists Laypersons 
Gender t=-0.74, p=0.4615 t=0.5, p=0.6167 

Age F=0.20, p=0.9377 F=0.23, p=0.9492 
Years in practice F=0.27, p=0.9308 N/A 

Table 5: Results of t-test and ANOVA tests showing no significant difference in incisors 
to GV measurements based on gender, age, or years in practice 
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3.4- Relationship Between Incisor Position and Forehead Inclination 

Figure 20 shows the results of the regression analysis looking at the relationship 

between optimal maxillary central incisor AP position and forehead inclination. 

Pearson’s chi-squared test indicated a moderate to strong positive relationship was 

present (r2=0.61). 

 

 
Figure 20: Relationship of maxillary incisor AP position and forehead inclination 
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4. Discussion 

 This study showed that the AP position of the maxillary central incisors can be 

evaluated clinically using the forehead as reference in adult Asian males. More specifically, 

glabella vertical can be used as a valid goal line for optimal AP incisor position in this 

population. The optimal incisor position was 0.86mm in front of GV. This agrees with the 

findings in Caucasians that optimal incisor position is within 1mm of GV (Carruitero et al., 

2019). This rejects the hypothesis that the optimal incisor position for Asian males would 

differ from that of Caucasians. 

 Also of note, in addition to being a valid landmark, another positive aspect of using 

GV as the reference for incisor position is that within a given individual, it is fixed and 

easily defined. Thus, it is an easy reference point to use for orthodontic and orthognathic 

surgery diagnosis and treatment planning. This supports the recommendation from 

multiple other publications that the addition of a smiling profile photograph to diagnostic 

records is advantageous (Gidaly et al., 2019). 

 Looking more into the validity of this optimal incisor position, it can be stated that 

this position is strongly agreed upon. There was no difference between the optimal position 

as determined by orthodontists and the optimal position as determined by laypersons. There 

was also no difference with age, gender, or years of orthodontic experience. This supports 

Andrews’ observation that judging the ideal incisor position is innate (Andrews, 2000a). 

This also has important implications for clinicians, who should be aware of not only what 

they think is optimal, but also what their patients feel is optimal. This study allows 

orthodontists to be confident that their assessment of the ideal incisor position is shared 

within the general population. 
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 While there was no difference between what orthodontists and laypersons rated as 

ideal, there were significant differences between what incisor positions they believed to be 

too far forward and too far back. As shown in Figure 19, laypersons prefer incisors to be 

closer to GV compared to orthodontists. In other words, there was a smaller range of what 

laypersons considered an acceptable incisor position. A smaller deviation from GV was 

required before laypersons would rate the incisors as too far forward or too far back. 

 Another implication of this research, which will again be helpful to clinicians when 

treatment planning this population, is that there is a preference for protrusion compared to 

retrusion. Our study found that when the incisors were only ~2-3mm behind GV, both 

orthodontists and laypersons tended to rate them as “too far back,” whereas the incisors 

had to be ~9-10mm in front of GV before evaluators tended to rate them as “too far 

forward.” This means that when treatment planning for Asian males, it may be better to err 

on the side of having the incisors more protrusive rather than more retrusive. This finding 

agrees with previous research, which was mentioned earlier in the introduction. In the 

aforementioned study, for Asian males, a straight or orthognathic profile was rated as most 

attractive. This aligns with our finding that the optimal incisor position is <1mm anterior 

to GV (which correlates to a straight profile). In that same study, the second highest rated 

profile for Asian males was a protrusive maxilla (Soh et al., 2007). In other words, 

maxillary incisors anterior to GV were preferred over incisors behind GV.  

 The positive relationship that was found between incisor position and forehead 

inclination aligns with previous research in other ethnic groups (Andrews, 2008; Gidaly et 

al., 2019). This finding also supports Andrews’ assertion that the greater the forehead 

inclination, the more anterior the optimal incisor position (2008). In other words, patients 
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with steeper foreheads can afford to have more protrusive upper incisors. Finally, the 

overall conclusion of this finding is that Andrews Element II analysis is applicable to Asian 

males. 
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4.1- Limitation and Delimitation 

 A possible limitation to this study may have resulted from survey fatigue. This 

occurs when the survey respondent gets tired or uninterested partway through answering 

the survey. It can result in less thoughtful responses to questions at the end of the survey. 

This is a frequent limitation of survey research and can result in less validity to the data 

obtained from the end of the survey. However, the survey in this study was designed with 

many proven tactics that help reduce the possibility of fatigue. First, progress on a partially 

completed survey was able to be saved and the survey restarted at a later timepoint. This 

allowed respondents to stop if/when they started to feel fatigued and then restart on the 

later portion of the survey with refreshed concentration and thoughtfulness. Additionally, 

the question asked for each photo was very short, simple, and only allowed for selection 

between three answer choices. This closed-ended question design has been shown to be 

much less fatiguing than an open-ended design (Gould, 2019). Finally, the photographs 

were randomly ordered in the survey, to help further reduce the impact that fatigue may 

have had on the results. 

 One possible delimitation of this study is an over-representation of females and 

Caucasians among the survey respondents. The numbers for female and Caucasian raters 

in the study were high, however, when compared to reported numbers in the US, they are 

significantly different. This is shown in Tables 6 and 7. 
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Orthodontists 
 Study Reported 

Female 82.9% 63.2% 
   

Caucasian 78.6% 72.2% 
Hispanic/Latino 6% 7.6% 

Black/African American 3.4% 3.5% 
Asian 10.3% 14.7% 

Table 6: Comparison of orthodontist demographics between present study and reported 
data 

 
Laypersons 

 Study Reported 
Female 71.4% 50.8% 

   
Caucasian 84.4% 76.3% 

Hispanic/Latino 5.2% 18.5% 
Black/African American 2.6% 13.4% 

Asian 5.2% 5.9% 
Table 7: Comparison of layperson demographics between present study and reported data 

 

 For orthodontists, the study demographics were compared to those in a recent report 

in which demographics were obtained by looking at almost 700 resumes as well as Census 

data (Orthodontist Demographics in the U.S., 2021). As shown, females are still over-

represented in our study, but within the orthodontic profession, there is a higher percentage 

of females than males. In the laypersons group, 71.4% female raters is an over-

representation of this gender. Unfortunately, this is a common delimitation of survey 

research. Numerous studies have tested if gender affects survey response rate. It has 

frequently been found that females contribute disproportionately to the respondent data set 

(Smith, 2008). It should also be noted that because gender did not affect respondents’ 

opinion on optimal incisor position, a small over-representation of females should not have 

had an effect on the results. 
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 For the ethnic breakdown, the present study actually very closely matches the ethnic 

breakdown of orthodontists in the U.S. For laypersons, the ethnic distribution is not quite 

as closely matching with current U.S. demographics. Caucasians are over-represented and 

Hispanics and Blacks are under-represented. Again, this is not unlike previous studies, 

which have found that Caucasians are the most likely ethnic group to respond to a survey, 

and Black and Hispanics the least likely (Jang & Vorderstrasse, 2019). This study was not 

able to test if ethnicity of the rater had an effect on responses, so this may be a delimitation 

to the study. However, because no other demographic evaluated had an effect on the 

responses, it is also within reason to consider that ethnicity may also have no effect. 
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5. Conclusions 

 The aim of this study, which was to determine an optimal incisor position in Asian 

males, was achieved. It was found that similar to previous findings in Caucasians, the 

optimal incisor position for this population is near GV (more specifically, less than 1mm 

anterior to GV). This optimal position is significantly different from the position of incisors 

that are not considered optimal. 

 This optimal incisor position can also be considered strongly agreed upon, as it was 

not affected by age, gender, orthodontic training, or years in ortho practice. 

 There were differences in opinion between orthodontists and laypersons as to their 

tolerance for acceptable incisor position. Laypersons prefer incisors closer to GV, while 

orthodontists tolerate a greater range of incisor position before considering them too 

protrusive or too retrusive. But, for both orthodontists and laypersons, a more anterior 

incisor position was better tolerated than a more posterior incisor position. Thus, clinicians 

should err on the side of having the incisors more protrusive rather than more retrusive. 

 The second aim of this study was to determine the relationship of the optimal 

incisor position to the forehead. This aim was also achieved. A moderate to strong positive 

correlation was found between maxillary incisor AP position and forehead inclination in 

Asian males. In other words, in agreement with Andrews’ research, the steeper the forehead 

inclination, the more anterior the optimal incisor position. These findings indicate that 

forehead prominence and inclination are useful landmarks for assessing the facial profile 

for adult Asian males, as it relates to the AP maxillary central incisor position. 

 Finally, this study supports the recommendation that a smiling profile photograph 

should be part of orthodontic records, as this will help orthodontists achieve the goal of a 
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harmonious relationship between the forehead and maxillary incisor AP position, thus 

optimizing facial profile aesthetics. 
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APPENDIX 

Copy of RedCap survey distributed to orthodontists and laypersons 
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GLOSSARY 

Anatomical forehead- the portion of the head from the hairline (or where the hairline once 
was) to glabella 
 
Clinical forehead- the portion of the forehead that is oriented more with the face than the 
scalp; for straight foreheads, it is between trichion and glabella; for rounded or angular 
foreheads, it is between superion and glabella 
 
Forehead’s anterior limit line (FALL)- a line that parallels the head’s frontal plane and 
passes through the forehead’s facial axis point 
 
Forehead facial axis (FFA) point- a point on the midsagittal plane of the forehead that is 
midway between the superior and inferior borders of the clinical forehead  
 
Goal anterior limit line (GALL)- a line that parallels the head’s frontal plane and 
represents the optimal anterior border for an Element I dentition. It passes through the FFA 
point when the cant of the forehead is 7 degrees or less; for every degree the forehead is 
canted more than 7 degrees, it passes through a point on the forehead that is 0.6 mm anterior 
to the FFA point, but never beyond glabella 
 
Glabella- the area on the frontal bone above the nasion and between the eyebrows; in 
profile, its most prominent portion is considered the inferior border of the clinical forehead  
 
Glabella vertical (GV)- a line that is parallel to the frontal plane of the head and passes 
through soft tissue glabella 
 
Forehead inclination (FI)- the angle between the head’s frontal plane and the forehead 
inclination line (which is drawn from glabella to the superior aspect of the clinical 
forehead) 
 
Incisor facial axis (FA) point- a point on the midsagittal plane of the face of the clinical 
crown midway between its gingival and occlusal borders 
 
Natural head orientation- the position of a subject’s head while he/she is looking towards 
a distant point at eye level, reoriented by the operator 
 
Superion- the point on angular and rounded foreheads that represents the superior 
boundary of the clinical forehead 
 
Trichion- the superior border of the anatomical forehead; the superior border of the clinical 
forehead on straight foreheads; anatomically, it is a line on the forehead that is (or once 
was) the hairline 
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