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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 
African American Males  

 
Elise Tigani Endres, DDS       Master of Science 2022  
 
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 African American males.  

Methods: 95 smiling profile photographs were taken, evaluated by orthodontists and 

laypersons, and categorized in Group B, R or F. The CI position and forehead inclination 

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

relationship between CI position and FI, differences between groups, and differences 

between orthodontists and laypersons.  

Results: Optimal CI position was -2.1mm behind GV. There were no significant 

differences between orthodontists and laypersons. All group comparisons were 

significantly different, except Group B v Group R. The optimal CI position relative to 

GV and FI were not significantly correlated.  

Conclusions: The AP position of the CI relative to the forehead in African American 

males can be evaluated to determine the optimal AP position of the CI and optimal 

esthetics.  
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1. Introduction and Literature Review  

Studies have shown that when determining overall attractiveness, the most 

impactful aspect is the face (Mueser et al., 1984). However, the way that facial 

attractiveness is perceived has changed over time and varies amongst people. During the 

ancient Greek and Renaissance times, retrusive profiles and more flat profiles were 

sought after, but currently, profiles that are less flat and more full with protrusive lips 

have been considered favorable (Matoula & Pancherz, 2006). The way one perceives 

their facial attractiveness affects their mental health, social behavior, education, 

employment, and even mate selection (Giddon, 1995). Certain factors such as not being 

satisfied with their own appearance, a referral from their dentist, the influence of friends 

or family, “gender, age, intellectual level, social group” and “seriousness of the defect” 

can influence their decision to seek orthodontic care (Samsonyanová & Broukal, 2014). 

However, the extent to which these factors have an impact on their decision to seek 

orthodontic care is contingent on culture and society (Samsonyanová & Broukal, 2014).  

According to Arnett and Bergman (1993), “it is widely accepted that orthodontic 

tooth movement can alter esthetics.” Thus, one of the most common reasons for one to 

seek out orthodontic care is to improve one’s facial esthetics (Maple et al., 2005). A goal 

of an orthodontist then is to not only better align a patient’s dentition in an ideal occlusal 

relationship, but to maintain or improve a patient’s facial form to such that is well-

balanced and esthetic (Maple et al., 2005). However, due to the subjectivity involved in 

such an evaluation and how one may perceive facial esthetics, this can be a challenge 

(Maple et al., 2005). Although recognizing beauty can be simple, describing beauty and 

formulating objective standards and defining treatment goals are difficult (Arnett & 
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Bergman, 1993). The orthodontist must also be cognizant of the considerations of society 

and what optimal facial attractiveness may entail (Maple et al., 2005). In understanding 

this, orthodontists have tried “to predict how orthodontic tooth movement affects existing 

facial balance” (Arnett & Bergman, 1993).  

One of the key components in diagnosis and treatment planning in orthodontics is 

to evaluate a cephalometric radiograph which is taken from the profile view. These 

cephalometric radiographs can also be used to anticipate soft and hard tissue responses to 

orthodontics and influence diagnosis and treatment planning regarding tooth positioning 

overall (Arnett & Bergman, 1993). Furthermore, it is believed that if the patient is treated 

to osseous cephalometric expectations and the teeth are straight and occlusion is 

adequate, then the optimal facial esthetics will result (Arnett & Bergman, 1993). With the 

intent to view facial esthetics qualitatively and quantitatively, analyses were proposed by 

Tweed, Wits, Ricketts, Downs, and Steiner to evaluate cephalometric radiographs (Arnett 

& Bergman, 1993).  

While correcting to ideal occlusion and assuming the facial esthetics will be 

maintained or improve, the orthodontist must not forget the importance of soft tissue as it 

can vary enough that the dentoskeletal evaluation may not be enough to detect issues in 

facial harmony (Arnett & Bergman, 1993). As Burstone reveals, “analysis of both dental 

and skeletal patterns alone may prove inadequate or misleading, for marked variation 

exists in the soft tissue covering the dentoskeletal framework” (1958).  The soft tissues 

including the pressure of the lips, cheeks, and tongue on the teeth as well as the 

periodontal attachments, the muscles and connective tissue of the TMJ, and the contours 

of the outer face limit the orthodontist in how and where the maxillary and mandibular 
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arches can be positioned and ultimately dictate the limits of dental compensation 

(Ackerman & Proffit, 1997). Thus, the orthodontist must keep in mind the importance of 

soft tissue when evaluating cephalometric standards while treatment planning. Another 

issue that could generate an incorrect evaluation occurs when the cranial base is used as a 

reference in cephalometric analysis (Arnett & Bergman, 1993).  While using intracranial 

lines as a point of reference can vary greatly in their inclinations, using natural head 

position, an extracranial reference, ultimately leads to a much more sound cephalometric 

analysis (Lundstrom et al., 1995).  

While traditional cephalometric radiographs use internal osseous landmarks, soft 

tissue analysis uses external soft tissue landmarks to determine lines, points and planes to 

be compared to previously defined norms; however, both methods and measurements can 

vary (Adams, 2011). Another method to evaluate facial profiles is Andrews’ Six 

Elements of Orofacial HarmonyTM.  In a guest editorial, Dr. Larry Andrews discussed his 

experience with orthodontics in the 1960s and how he searched for those with “naturally 

harmonious dentitions” and took impressions of 120 people, ultimately looking for 

common characteristics of which resulted in the six keys to normal occlusion (Andrews, 

2015).  In the 1980s, Dr. Andrews also began a research study to evaluate anteroposterior 

tooth and jaw positions. He gathered 1000 profile images mostly from magazines of those 

who were thought to have facial harmony, and whose forehead and maxillary central 

incisors were able to be seen clearly if smiling or laughing, so that the whole profile 

could be evaluated (Andrews, 2015). Those who evaluated the profiles worked at model 

or movie studios, advertising companies, or were artists and societal members. When 

evaluating the photos, they used the prominence of the forehead and inclination as well as 
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the most favorable position of the maxillary incisors to determine the most harmonious 

anteroposterior tooth and jaw positions (Andrews, 2015). They found that “the more 

inclined the forehead, the closer the favorably positioned maxillary incisors were to an 

envisioned line that is both tangent to glabella and parallel to the head’s frontal plane” 

(Andrews & Andrews, 2000a). Overall, the combination of the 120 casts and over 1000 

photos of the profiles led to the finding of the 6 orofacial areas that orthodontists have 

diagnostic and treatment planning responsibility, also known as the Six Elements of 

Orofacial HarmonyTM.  The six elements describe the characteristics of the tooth, arch, 

jaw, and chin that influence optimal function, health and appearance (Andrews & 

Andrews, 2000b). The elements include: the arch, the antero-posterior (AP) jaw 

positions, jaw widths, jaw heights, chin prominence, and occlusion (Andrews & 

Andrews, 2000b).  

 

1.1 - Element I: The arch   

Element I describes the optimal arch shape and lengths. The goal of Element I is 

for the roots of the long axis of each tooth to be centered over basal bone while each 

crown is inclined for optimal occlusion (Andrews & Andrews, 2000b). See Figure 1 

below. In essence, a line referred to as the Depth of the Core Line, which is one that best 

identifies the shape of the arch, passes mesiodistally through the core of all crowns and 

should be between 0 and 2.5 millimeters (Andrews & Andrews, 2000b). From the 

occlusal view, the distance from the facial axis (FA) point to the WALA ridge ranges 

between 2.2mm and 0.1mm from posterior to anterior. Also, the shape of the maxillary 

arch is dictated by the shape of the Element I mandibular arch (Andrews & Andrews, 
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2000b). While the WALA ridge and the occlusal plane serve as landmarks for the 

mandibular arch, the Element I mandibular shape and the occlusal plane serve as 

landmarks for the maxilla (Andrews & Andrews, 2000b).  

In Element I, arch length is optimal when the total diameters of the mesiodistal 

crowns is equivalent to the diameters of the mesiodistal crowns measured at the contact 

areas, also known as the Core Line (Andrews & Andrews, 2000b). When the total 

mesiodistal diameters of the crowns and the length of the Core Line are not equal, the 

difference is referred to as the Core Discrepancy (Andrews & Andrews, 2001).  Arch 

length is also optimal when the Core Line antero-posteriorly (known as the Midsagittal 

Line) and the buccal cusp tips and incisal edges that make up the Perimeter Line are also 

optimal in length (Andrews & Andrews, 2000b). In understanding how the Core Line 

may change from all directions and what the overall core discrepancy may be, the interim 

core discrepancy can be determined, which will guide the mesiodistal movements of the 

teeth needed to achieve an Element I arch and dentition (Andrews & Andrews, 2001). 

 

Figure 1: Element I: the Arch and the Maxillary and Mandibular Teeth Centered 

Over Basal Bone (Andrews & Andrews, 2000a)   
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1.2 - Element II: Antero-posterior (AP) jaw positions 

Element II evaluates the anteroposterior position of the jaws based on the 

forehead prominence and inclination.  In order to evaluate the forehead, some landmarks 

should be demarcated (See Figure 2 below).  Trichion, superion, glabella, and forehead 

facial axis (FFA) point are all points that can be identified on the midsagittal plane of the 

forehead. Trichion is usually identified by the hairline and is the most superior boundary 

of the forehead when the forehead contour is flat or straight (Andrews, 2008). Moreover, 

when the forehead contour is angular or round, superion is used to define the most 

superior boundary of the forehead (Andrews, 2008). In contrast, the most inferior 

boundary of the forehead is defined as glabella (Andrews, 2008). The FFA point is 

defined as a midpoint between the superior boundary of the forehead and the inferior 

boundary of the forehead. For foreheads that have a flat or straight contour, the FFA 

point is between trichion and glabella, whereas for foreheads with a round or angular 

contour, the FFA point is between superion and glabella (Andrews, 2008).  

 

 

                           Figure 2: Landmarks of the Forehead (Andrews, 2008)  
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In Figure 3 below, the different shapes of the foreheads can be observed. When 

using Andrews’ analysis, it is important to use the landmarks associated with the clinical 

forehead.  

 

 

                              Figure 3: Shape of the forehead (Gidaly et al., 2019)  

 

Thus, in evaluating a forehead with a flat or straight contour, both the clinical and 

anatomic forehead are the same, and the forehead is demarcated from trichion to glabella 

with FFA point in between (Kocan, 2021; Andrews, 2008). On the other hand, when 

reviewing a forehead with an angular or round contour, the clinical forehead is regarded 

as superion, while the anatomic forehead is identified as trichion (Kocan, 2021). In 

applying Andrews’ analysis using the landmarks associated with the clinical forehead, a 

forehead with an angular or round contour would then extend from superion to glabella 

with FFA as the point between (Andrews, 2008). These demarcations can be found in 

Figure 4 below. In using these landmarks of the clinical forehead, whether it be trichion 

or superion depending on the contour, and drawing a line to glabella, the inclination of 

the forehead can be determined. Andrews and Andrews (1999) defined the forehead 
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inclination as the angle that is formed from the line that spans from the superior boundary 

of the clinical forehead and glabella and the frontal plane of the head.   

 

 

 Figure 4: Anatomy of the forehead A: Straight, B: Round, C: Angular (Andrews, 2008)  

 

The goals for positioning the jaws in the optimal AP orientation for Element II 

include Element I conformed arches with the ideal dentition, arches that are considered 

Key I, and when the FA point of the maxillary central incisor contacts the Goal Anterior 

Limit Line (GALL) (Andrews & Andrews, 2000b). The GALL is defined as a line that 

parallels the head’s frontal plane (Andrews & Andrews, 2000b). See Figure 5 below. The 

GALL also can be identified as the most ideal anteriorly positioned border for the 

dentition of Element I (Kocan, 2021). In contrast, the forehead anterior limit line (FALL) 

is defined as an anterior border in which parallels the head’s frontal plane and runs 

through the forehead’s facial axis (FFA) point (Kocan, 2021). When the cant of the 
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clinical forehead is 7 degrees or less, the GALL passes through the FFA, or the midpoint 

of the clinical forehead, and thus matches the FALL (Andrews & Andrews, 2000b). 

When the forehead is canted more than 7 degrees, for each degree, the GALL passes 

through a point on the forehead that is anterior to the FFA point by 0.6 millimeters, but 

does not extend beyond glabella (Andrews & Andrews, 2000b). As noted by Andrews 

and Andrews (1999), this insinuates that as the forehead inclination increases, so does the 

anteriority of the optimal incisor position. While the optimal Element II maxillary arch 

suggests the FA point of the maxillary central incisor to lie on the GALL, an optimal 

Element II mandible is based off of an ideal Element II maxilla that consists of Element I 

dentition and a Key I arch relationship (Tomblyn, 2015).  

 

 

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  

 Element III evaluates how the jaws relate to each other in the transverse 

dimension (Tomblyn, 2015). The cusp of the Element I maxillary first molar is measured 

to the cusp of the contralateral Element I maxillary first molar and compared to the 

distance between the fossa of the Element I mandibular first molar and the contralateral 

Element I mandibular first molar (Andrews & Andrews, 2000b). See Figure 6 below. 

When these widths measured are the same, then the jaws are in an optimal Element III 

position (Andrews & Andrews, 2000b). Moreover, when an Element III maxillary arch is 

measured at the FA points, it is several millimeters wider than an Element III mandibular 

arch (Andrews & Andrews, 2000b).  

 

 

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

 In Element IV, diagnosing jaw height evaluates the anterior and posterior of both 

the maxillary and mandibular jaws in the order of anterior maxilla, anterior mandible, 

posterior maxilla and posterior mandible (Andrews & Andrews, 2001). Ultimately, the 

goal for optimal positioning of the anterior maxilla in Element IV is when the FA point of 

the maxillary incisor is level with the lower border of a normal upper lip in repose 

(Andrews & Andrews, 2000b). When evaluating the anterior mandible, the anterior 

height is optimal when there is Element I mandibular dentition and when measuring from 

the FA point of a mandibular incisor to hard tissue menton, the distance is about ½ X 

(See Figure 7) (Andrews & Andrews, 2000b). Moreover, the posterior maxilla is optimal 

when the anterior maxilla and mandible are Element IV and there is no open bite 

anteriorly or posteriorly when the mandible is closed (Andrews & Andrews, 2000b). 

Lastly, when the height of the ramus is equal to X (See Figure 7), as the distance 

measured from the superior surface of the condyle to the hard tissue gonion, the ramus 

height is Element IV (Andrews & Andrews, 2000b).  
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                                Figure 7: Element IV: Jaw heights (Andrews, n.d.)    

 

 

1.5 - Element V: Pogonion prominence 

 This Element refers to the hard tissue pogonion. The pogonion prominence is 

optimal when the prominence lies on a line 90 degrees to the occlusal plane that passes 

through FA point of an Element I mandibular incisor (Andrews & Andrews, 2000b). See 

Figure 8 below.  
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          Figure 8: Element V: Pogonion prominence (Andrews & Andrews, 2000b) 

 

1.6 - Element VI: Occlusion 

 Element VI is defined as The Six Keys to Optimal Occlusion in centric relation 

and these six keys ultimately provide optimal static and functional occlusion (Andrews & 

Andrews, 2000b). The six keys are: 1) interarch relationships 2) crown angulation 3) 

crown inclination 4) rotations 5) tight contacts 6) curve of spee (Andrews & Andrews, 

2000b). See Figure 9 below. The optimal interarch relationship is defined as Class I 

occlusion, while the optimal crown angulation consists of all crowns having a positive 

angulation (Andrews & Andrews, 2000b). Moreover, optimal crown inclination 

recognizes a positive inclination for the maxillary incisors and a negative inclination for 

mandibular incisors (Andrews & Andrews, 2000b). The optimal occlusion also includes 

no rotations, closed spaces with abutting contact points, and a flat to slightly concave 

curve of spee (Andrews & Andrews, 2000b).  
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     Figure 9: Element VI: Occlusion (Andrews, 1972) 

 

Head position is extremely important when applying the Six Elements of 

Orofacial HarmonyTM.  When analyzing craniofacial morphology in the 1950s, the 

natural head position was used as a reference (Moorrees & Kean, 1958). Natural head 

position was defined when one’s head was in the most balanced and natural position 

when viewing an object at eye level (Kocan, 2021).  It is “an individual, functional, 

psychological position that indicates a person’s true appearance” (Lundström et al., 

1995). Research also determined “that the sella-nasion line and the Frankfort horizontal 

varied considerably in relation to a horizontal or vertical line when the head was held in 

natural position” and found that as the natural head position exemplifies a realistic 

appearance, its use as a foundation for cephalometric analysis is supported (Lundström & 
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Lundström, 1992). It was not until the 1990s that the idea of natural head position 

developed and natural head orientation was introduced. Lundstrom et al. (1995) defined 

natural head orientation as the position of the subject’s head while looking at a point from 

a distance at eye level, as reorientated by the observer. This reorientation can be 

beneficial, as one study showed that those with protrusive mandibles were associated 

with having a low head posture, while those with retrusive mandibles were characterized 

by high head postures (Marcotte, 1981). Therefore, adjusting a subject’s head into natural 

head orientation to account for such variations is most favorable when conducting 

research (Lundström et al., 1995).  

Considering all of the Elements, it is recognized that the Element most 

acknowledged when evaluating profile facial esthetics is Element II, the antero-posterior 

(AP) jaw positions. Back in the 1980s when Dr. Andrews had judges review 1000 profile 

images, they 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, 2015). Thus, in analyzing profile esthetics, 

the initial step in Element II involves determining landmarks on the forehead to identify 

the clinical forehead. The forehead was used as a consistent landmark because it does not 

drastically change over time and its position relative to the incisors is predictable and 

repeatable (Gidaly et al., 2019; Schlosser et al., 2005). After the landmarks are identified, 

the inclination of the forehead can be determined from a line drawn from glabella to the 

most superior landmark on the clinical forehead. The FALL and GALL lines can then be 

demarcated and the optimal position of the incisors can be established. Andrews believes 

that when the Forehead Facial Axis (FFA) point coincides with the Goal Anterior Limit 
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Line (GALL) the maxillary incisors are optimally positioned (Gidaly et al., 2019). This 

method was said to be universal no matter one’s race, age or gender (Gidaly et al., 2019).   

 In recent years, several studies have used this method to successfully evaluate 

facial profile esthetics and apply such to orthodontic and orthognathic surgery diagnosis 

and treatment planning. Schlosser et al. (2005) evaluated differences in the preference for 

the AP position of the maxillary incisor between orthodontic and lay panels and found 

that when simulating maxillary protrusion and retrusion at 1mm increments (up until a 

maximum of 4mm), the panel of orthodontists and laypersons concluded that the 4mm 

retrusive photo was significantly less desirable than the rest. From an attractiveness 

perspective, this infers that one should either leave a normally protrusive maxillary 

dentition or advance the dentition instead of retracting it (Schlosser et al., 2005). This 

study ultimately found that Andrews’ Element II was a “useful method to evaluate 

attractiveness relative to the maxillary incisor position” (Schlosser et al., 2005). In 

another study, Andrews (2008) evaluated adult Caucasian females and concluded that the 

“AP positions of the maxillary central incisors were strongly associated with the forehead 

landmarks used in this study and strongly correlated with forehead inclination in adult 

white females with good facial harmony (control sample).” Ultimately, it was also found 

that the maxillary central incisors for an adult Caucasian female should be at or between 

the FFA point and glabella and correlate with forehead inclination (Andrews, 2008). 

Conclusions such as these should be included in orthodontic records, diagnosis and 

treatment planning (Andrews, 2008). Furthermore, when the anteroposterior relationship 

of the maxillary central incisors was compared to the forehead in Caucasian male adults, 

results also showed that the maxillary central incisors position was correlated with 
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forehead inclination and that the forehead was a significant landmark to use for the 

position of the maxillary central incisors when analyzing facial harmony (Adams et al., 

2013). In recent years, a study reviewed that glabella vertical (GV) corresponded with 

GALL in most Caucasian patients and in 95% of the population, the GALL is within 

1mm of GV, and in 99.7% of the population is within 1.5mm of GV (Tomblyn, 2015). As 

a result of this study, GV is considered a reliable frontal plane for the anterior maxillary 

incisor AP position (Tomblyn, 2015). However, these applications, along with the 

original research from Andrews only included Caucasian subjects (Tomblyn, 2015; 

Andrews, 2008).  

 Recently, a study was conducted to determine the optimal antero-posterior 

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

Asian males and found that the optimal incisor position was 0.86mm in front of glabella 

vertical which agrees with previous findings in Caucasians that the optimal position of 

the maxillary incisor is within 1mm of glabella vertical (Kocan, 2021; Carruitero et al., 

2019). The research also concluded that when treatment planning for Asian males, it is 

more favorable to position the incisors in a more protrusive position rather than a 

retrusive position, as there was a preference for protrusion over retrusion from the raters 

that evaluated the smiling profile photos (Kocan, 2021). Lastly, this study too showed a 

positive relationship between incisor position and forehead inclination and confirmed that 

Element II was applicable to Asian males (Kocan, 2021).  

 As an orthodontist providing the best comprehensive care to a population, the 

culture, influences of why they are seeking treatment, and their personal expectations and 

perceptions must be considered and prioritized. While an objective of an orthodontist 
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should be to treat the patient to ideal standards, the ideals of esthetic profiles vary and 

determining a treatment plan that will satisfy the patient becomes an even more 

significant process when it will alter the soft tissue profile (Hall et al., 2000). One 

common facial profile that is often treated in an African American population is 

bimaxillary protrusion (Farrow et al., 1993). Farrow et al. (1993) defines bimaxillary 

protrusion as that which is “characterized by dentoalveolar flaring of both the upper and 

lower anterior teeth with resultant protrusion of the lips and convexity of the face.” A 

treatment option that an orthodontist might propose to treat a bimaxillary protrusive 

patient could be extractions of four premolars. Extractions allow for the flaring of the 

upper and lower teeth to be reduced, while also reducing the convex profile and reducing 

the protrusion of the lips. When Farrow et al. (1993) evaluated what African Americans 

considered attractive about their profile, they found that a slightly convex profile was 

more attractive, which was more protrusive than Caucasian orthodontic norms. 

Moreover, the results of a study that assessed the perceptions of an optimal profile of 

African Americans versus Caucasians showed that there was a preference for greater soft 

tissue profile convexity as measured by Z-angle and A-point for African Americans as 

judged by orthodontists and laypersons, African American orthodontists preferred more 

prominent upper and lower lips for the African American sample than for the Caucasian 

sample, and that the African American profiles that were judged as acceptable were not 

in the range for the normal values for Caucasians, but the Caucasian profiles were (Hall 

et al., 2000).  In contrast, another study conducted by Polk et al. (1995) found that after 

using profile silhouettes to evaluate preference in facial esthetics according to African 

American male and female respondents, there was a wide range of acceptability which 
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was ultimately influenced by perceptions of ethnicity and anatomical variations in facial 

form. African American respondents preferred the profiles with flatter silhouettes, but 

also appreciated a fuller lip than what a Caucasian profile would feature (Polk et al., 

1995).  

 Another study evaluated the optimal anteroposterior position of the maxillary 

central incisors and their relationship to the forehead in adult African American females 

and found that the optimal position of the maxillary central incisor for African American 

females was anterior to glabella vertical by a mean of 8.58mm and that Andrews’ 

proposed optimal position for the maxillary central incisor for Caucasian females was not 

applicable (Gidaly et al., 2019). However, they did find that the forehead was a useful 

landmark when evaluating the position of the maxillary incisors (Gidaly et al., 2019). The 

study also revealed there was a strong association between the forehead inclination in 

those who had optimally placed maxillary central incisors (Gidaly et al., 2019). 

Furthermore, the research showed that the upper incisor AP position and the optimal AP 

position of the upper incisors relative to glabella vertical in African American females 

can be characterized by the following equation, Optimal AP upper incisor position 

(millimeters to GV) = forehead inclination x 0.3 + 0.4mm, which insinuates that African 

American females with a forehead that is steeper can also have more anteriorly 

positioned upper incisors (Gidaly et al., 2019). Gidaly et al. (2019) ultimately 

recommended to include a smiling profile photo as part of the orthodontic initial records, 

to better assess treatment goals, and final records as well.  

 Aside from viewing a smiling profile photo to diagnose and treatment plan, 

cephalometric radiographs and analysis are also relied upon by orthodontists for 
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determining a treatment plan (Gidaly et al., 2019). One study investigated the Ricketts E 

plane, Steiner S line, and the Holdaway H line, and found that African American males 

and females were more protrusive in the soft tissue profile and previous standards from 

Ricketts, Steiner, and Holdaway that were applied to Caucasians cannot be applied; 

further, the norms for African American standards were updated (Sushner, 1977). 

Another study also evaluated cephalometric norms for African American males and 

females and found that when compared with Caucasians, the mean values for African 

Americans had a more protrusive maxilla indicated by the SNA angles, a skeletal 

bimaxillary protrusion, greater ANB angles with a larger maxillary protrusion than 

mandibular protrusion, an increased ANB angle from proclined lower incisors, and a 

more acute interincisal angle (Bailey & Taylor, 1998). A concept worth noting, however, 

was that even though African Americans had a more anteriorly positioned upper incisor 

than Caucasians, the inclination was similar (Bailey & Taylor, 1998). Lastly, research by 

Cox and Van der Linden (1971) revealed that when reviewing the standard deviations of 

routinely used cephalometric measurements, there was a larger variation in the ranges of 

groups with good facial esthetics than what was generally acknowledged.  

 While there are differences between ethnicities when evaluating facial profile 

esthetics, there are also differences between genders within an ethnicity. A study by 

Sushner (1977) found that when studying African Americans, African American males 

are more protrusive when evaluating the soft tissue profile than African American 

females. In another study that evaluated what African Americans considered attractive 

about their profile, the preferred profile for males using the anteroposterior lip position as 

measured from a line from nasion yielded an average horizontal lip measurement of 



 

                         
 

21 

12.40mm and 9.59mm for females (Farrow et al., 1993). Additionally, the lips yielded an 

average horizontal measurement, using glabella as a landmark, of 9.5mm for males and 

8mm for females (Farrow et al., 1993). As previous studies have shown, there are 

differences in the facial esthetic profile of males and females, and such preferences 

should be taken into consideration when diagnosing and treatment planning. While the 

optimal anteroposterior position of the maxillary central incisors was previously 

evaluated for African American females, the optimal anteroposterior position of the 

maxillary central incisors will be evaluated for African American males in this study.  

 

1.7 - Statement of the problem and specific aim 
 
 Understanding the anteroposterior position of the maxillary incisors is not only 

important in diagnosis and treatment planning, but also when evaluating facial esthetics, 

especially from the profile view. While other research has previously studied the position 

of the maxillary incisors in relation to forehead in different ethnicities including 

Caucasians, Asian males, and African American females, no research has evaluated 

African American males. Thus, the aim of this study was to determine the optimal 

anteroposterior position of the maxillary central incisors and its relationship to the 

forehead in adult African American males as evaluated by orthodontists and laypersons. 

Not only could this be useful from an orthodontics perspective in diagnosis and treatment 

planning, but also from a surgical perspective as well.  
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1.8 - Hypotheses 
 
The alternative hypotheses for this study were:  
 

1) We hypothesized that for adult African American males, the relationship of the 

maxillary central incisor to the forehead can be used to determine the ideal antero-

posterior incisor position, as it has been previously shown in other ethnicities.  

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

the optimal antero-posterior position of the maxillary incisors for adult African 

American males will differ from the established position for Caucasians and adult 

Asian males. This was based on previous research that found differences in the 

esthetics of profiles amongst a variety of ethnic groups. 

The null hypotheses for this study were: 

1) There is no difference in the optimal AP position of the maxillary incisor 

relative to GV among various forehead inclinations. 

2) There is no difference in the optimal AP incisor position relative to GV 

between orthodontists and laypersons.  

3) There is no difference in the mean AP position of the maxillary incisor relative 

to GV between those participants that ranked the position of the incisor to be 

optimal and those participants that ranked the position of the incisor to not be 

optimal. 

4) There is no difference in the optimal AP incisor position relative to GV 

between males and females.  

5) There is no difference in the optimal AP incisor position relative to GV 

between orthodontists’ years in practice.  
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2. Materials and Methods  
 
 The University of Maryland, Baltimore Institutional Review Board (IRB) 

reviewed the study and approved it as exempt under HP-00084446. 

 

2.1 - Photograph subjects 

 Ninety-nine total subjects were recruited from University of Maryland School of 

Dentistry. Four of these subjects were omitted, as three subjects had already participated 

in the study, and the ruler was photographed incorrectly/measurements could not be 

determined from a fourth subject. Ninety-five subjects were then included in this study. 

Informed consent was obtained from all subjects in this study prior to their participation. 

To be included in this study, subjects had to be 18 years of age or older, male, no history 

of dentofacial deformities, no history of orthognathic surgery, should not have any 

missing anterior dentition or any form of prosthesis for the maxillary anterior teeth, and 

defined themselves of African American ethnicity, which according to Merriam-Webster 

is an American of African and especially of Black African descent (Merriam-Webster, 

n.d.). Exclusion criteria then included: 1) males under 18 years of age 2) currently in 

orthodontic treatment 3) history of dentofacial deformities 4) history of orthognathic 

surgery 5) severely rotated incisors. All subjects were asked if they had orthodontic 

treatment in the past. Out of 95 subjects, 92 subjects or 96.8% did not have orthodontic 

treatment, and only 3 subjects or 3.2% of the total subjects did have orthodontic treatment 

in the past.  
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2.2 - Photograph  

 Photographs were taken of each subject in front of a backlit screen in natural head 

orientation. Only minor adjustments to the subjects’ head position were made if 

necessary. From the operator’s lens, the subject was facing to their left, revealing their 

profile. The subject was seated and in front of the subject was a mirror at eye level 

(Lundström et al., 1995; Moorrees & Kean, 1958). The subject was at a fixed distance 

from both the backlit screen (7 inches) and the photographer (7 feet) and was at a fixed 

distance from the mirror (5 feet). A millimeter ruler was projected from a rod on the wall 

and was placed below eye level at the mid-sagittal plane of the subject. This ruler was 

implemented for the calibration of measurements. The subject was asked to smile so that 

the maxillary incisors would be visible, and the photograph was taken from the profile 

view. Since this method was reproducible, photographs were taken by two operators with 

either a Cannon EOS Rebel T6i camera or a Cannon EOS Rebel T6 camera. An 

example photograph is shown in Figure 10.  

    

  Figure 10: Example of smiling profile photograph of subject in natural head orientation  
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2.3 - Photograph formatting and landmark identification  

 All photographs were adjusted to black and white and uploaded to Microsoft 

PowerPoint. Each photograph was placed on its own individual slide. The photographs 

were adjusted for size and were rotated if necessary to account for natural head 

orientation. A digital ruler and digital protractor were used to measure the forehead 

inclination and the distance from the facial axis (FA) point of the upper incisor to GV. 

The digital ruler that measured 40mm was calibrated to the ruler in the photograph. See 

Figure 11.   

 

                 Figure 11: Calibration of 40mm of digital ruler to ruler in photograph  

 

 A vertical reference line was constructed through soft tissue glabella, was parallel 

to the frontal plane of the head, and was therefore defined as glabella vertical (GV). This 

line is shown in Figure 12. As the subjects were photographed in natural head orientation 

and their heads were adjusted clinically or digitally, the vertical line to be used as a 

reference in the photo background was then not truly vertical, and therefore, a true 

vertical was not established from the photo background. The true vertical line was then 

estimated based off of the adjusted photo to be perpendicular to the floor, and the line 
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was then positioned to touch the subject’s soft tissue glabella. Since the subject’s head 

was positioned in natural head orientation, the vertical line was parallel to the frontal 

plane of the head, and since it was constructed through soft tissue glabella, it was referred 

to as glabella vertical (GV).  

 

 

                      Figure 12: An example photograph showing glabella vertical line  

 

 On every photograph, the most superior aspect of the forehead was demarcated by 

a dot. Trichion was the point used for those with flat foreheads, while round or angular 

foreheads were demarcated by superion. A line was constructed from the dot representing 

trichion or superion to soft tissue glabella. The example photo is shown below in Figure 

13.  
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Figure 13: An example photo with landmark and inclination of forehead and glabella   

vertical  

 

2.4 - Measurements  

 To measure the distance from the FA point of the maxillary central incisor to 

glabella vertical the digital ruler was used. This number was recorded and was measured 

to the nearest 0.5mm for all 95 subjects. An example photo is shown in Figure 14 below. 
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Figure 14: An example photograph of the digital ruler measuring the distance from     

glabella vertical to the FA point of the maxillary central incisor in millimeters  

  

A digital protractor was used to measure forehead inclination. The forehead 

inclination was the angle between the glabella vertical line and the line that was 

constructed from the dot representing trichion or superion to soft tissue glabella. This 

measurement was recorded to the nearest 0.5 degrees for all 95 subjects. An example of 

this measurement is shown in Figure 15 below.  

 

 

Figure 15: An example photograph using digital protractor to measure forehead  

inclination  
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 All measurements for 95 subjects were taken by one rater. To account for intra-

rater reliability, a sample of 10 subjects was randomized and remeasured 2 months later.  

 

2.5 - Survey Formatting   

 In preparation for the survey that was constructed, all subjects in the photos were 

deidentified and the photos were cropped so that only the smiling profile of the subjects 

was shown. All measurements, landmarks and reference lines were removed. The photos 

were then uploaded to RedCap and a survey was constructed. The survey collected 

demographic information about the participants and included: age, gender, ethnicity, 

whether or not the participant taking the survey was an orthodontist/orthodontic resident, 

how many years they’ve been in practice if they were an orthodontist/orthodontic 

resident, and if they weren’t an orthodontist/orthodontic resident, to indicate if they’ve 

had any formal dental training or experience. Each subject then appeared on their own 

slide and survey participants were asked the following question: based only on your 

opinion of what is attractive, respond to whether you think the position of the maxillary 

incisors is: 1) Too far forward 2) Too far back 3) Just about right. This wording is more 

easily understood by laypersons and was used in a previous study evaluating the optimal 

incisor position in Asian males and Caucasian males (Kocan, 2021; Syed, 2021). It also 

allows the raters taking the survey to focus on the task at hand in evaluating the position 

of the incisors, rather than analyzing general profile attractiveness (Kocan, 2021). See 

Appendix for copy of survey.  
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2.6 - Data Analysis 

The statistical analysis listed below were completed:  

● Descriptive statistics were used to summarize the demographic information of the 

participants 

● Paired t-test was used to assess intra-rater reliability 

● Descriptive statistics were used to summarize maxillary incisor AP position 

within each group (mean, standard deviation, range) 

● Analysis of Variance (ANOVA) was used to determine whether there were 

differences in the mean distance from the maxillary incisor to GV between the 

three groups for both orthodontists and laypersons 

● t-tests were used to test for differences between orthodontists and laypersons 

within each group 

● t-tests were used to evaluate for differences based on participant demographics 

(gender, years in practice)  

● Pearson’s correlation coefficient was used to calculate the relationship between 

incisor position and forehead inclination within the optimal group 

 

3. Results  

3.1 - Demographic Summary  

A total of 84 participants completed the survey. Of the 84 participants, 48 (57%) 

of the participants were orthodontists and 36 (42%) of the participants were laypersons. 

Of the 36 laypersons, 22 (61%) had reported having formal dental training, while 14 

(39%) did not have any formal dental experience. The demographics of the participants 
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of the survey are shown in the Table 1 and Table 2 below. There was one participant who 

did not complete the ethnicity question and one participant that did not state their years of 

experience as an orthodontist. However, the participants that did indicate the number of 

years that they have been in practice is also shown in Figure 16 below.   

 

 Orthodontists  Laypersons  

Age   

Minimum age (years) 25 24 

Maximum age (years) 84 65 

Mean age (years) 46.31 34.86 

Standard Deviation  18.84 11.94 

Table 1: Ages of Survey Participants 

 

Gender  Orthodontists  Laypersons  Overall  

Male  37 (77.08%) 12 (33.33%) 49 

Female  11 (22.92%) 24 (66.67%) 35 

    

Ethnicity     

Caucasian  39 (82.96%) 21 (58.33%) 60 

Hispanic/Latino  2 (4.26%) 1 (2.78%) 3 

Black/African 
American  

2 (4.26%) 8 (22.22%) 10 

Asian  2 (4.26%) 4 (11.11%) 6 

Other  2 (4.26%) 2 (5.56%) 4 

Table 2: Demographics of Survey Participants  
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                Figure 16: The number of years that the orthodontists have been in practice  

 

3.2 - Intra-Rater Reliability  

 The paired t-test was used to determine if there was a statistically significant 

difference between the measurements taken for forehead inclination in degrees and 

distance from the FA point of the maxillary incisor to GV in millimeters at time 1 and 

time 2. The results showed that the p value = 1 for the measurements taken for forehead 

inclination in degrees between time 1 and time 2, and that the values did not differ 

significantly (p > 0.05). This is shown in Figure 17 below.   
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         Figure 17: Agreement of forehead inclination measurements at time 1 and time 2 

 

The results also revealed that the p value = 0.1679 for the measurements taken for 

the distance from the FA point of the maxillary incisor to GV in millimeters between 

time 1 and time 2, and that the values did not differ significantly (p > 0.05). This is 

shown in Figure 18 below.   

             

Figure 18: Agreement of distance from FA point of the maxillary incisor to GV 

measurements at time 1 and time 2 
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While there was no statistically significant difference between the measurements 

taken, those measurements from time 1 were used. These values also indicate that the 

method used to determine such measurements was reliable.  

 

3.3 - Grouping of the Results  

The survey responses of the participants were then filtered to include only the 

responses of orthodontists. For each of the 95 subjects, a graph was produced as that in 

Figure 19 below.   

 

 

                    Figure 19: Example graph of categories chosen by participants  

 

For each category, “too far forward,” “too far back,” and “just about right,” a 

percentage was also shown indicating how many participants placed that subject’s 

maxillary incisors in that category. If the percentage was 70% or higher for one of the 

categories, then that subject was grouped according to that category. For example, in the 

graph above, if 72% of the participants said that they would classify the subject’s position 

of their maxillary incisors to be “just about right,” then the subject was placed into 
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“Group R.” Moreover, if another graph showed that 70% or more of the participants 

agreed that the subject’s maxillary incisors were “too far forward,” then the subject 

would be placed in “Group F.” Lastly, if 70% or more of the participants agreed that the 

subject’s maxillary incisors were “too far back,” then the subject would be placed in 

“Group B.” If none of the percentages were 70% or higher, then the subject was not 

categorized into a group at all. This same grouping method was then used when the 

survey responses were filtered for only laypersons, all evaluators, all males, all females, 

male orthodontists, female orthodontists, male laypersons, female laypersons, and 

orthodontists’ years in practice. A flow chart to represent the grouping of subjects is 

shown below in Figure 20.  

  

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Flow chart to illustrate how subjects were grouped   

Graph was 
shown for 

each subject    

If none of the 
categories were 
70% or higher 
in the graph 

 

If a category had 
a percentage of  
70% or higher in 
the graph  

 

Participants 
evaluated 
subjects in 

survey  

Survey was 
filtered to show 
results based on 

participant 
demographic   

Graph showed 3 categories: 
1. Too far back  
2. Just about right 
3. Too far forward 
 
Graph showed the 
percentage of participants 
that agreed on each category  
 

Subject was 
grouped in 

that category 

Subject was not 
grouped in a 
category and 

removed from 
analysis 
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After each filter was applied and all 95 subjects were evaluated and grouped, the 

measurements that were taken for forehead inclination in degrees and for the distance 

from glabella vertical to the FA point of the maxillary central incisor in millimeters were 

paired with the corresponding subjects.  

 

3.4 - Mean AP Maxillary Central Incisor Position  

 For all evaluators, the mean AP maxillary incisor position in millimeters relative 

to GV and the standard deviations are listed in Table 3 below. “Group B” refers to the 

category “too far back.”  “Group R” refers to the optimal category “just about right.”  

“Group F” refers to the category “too far forward.”  

 

 Group B Group R Group F 

All Evaluators  -6.4 ±3.52 -2.1±5.33 7.08±5.75 

Table 3: Mean AP maxillary central incisor position relative to GV for all evaluators  

 

The means, minimums and maximums, and ranges within each group for all 

evaluators can be shown in Figure 21 below.   
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     Figure 21: Distribution of distance of AP position of maxillary incisor relative to GV 

 

Ultimately, the optimal AP position for the maxillary central incisor (Group R) 

relative to GV for all evaluators was -2.1±5.33.  

The results were then evaluated for orthodontists and laypersons and the mean AP 

position of the maxillary central incisor relative to GV in millimeters and the standard 

deviations are shown in Table 4 below.   

 

 Too far 
back/Group B 

Just about 
Right/Group R 

Too far 
forward/Group F 

Orthodontists -3.83±2.11 -2.20±5.11 6.64±5.38 

Laypersons -6.75±3.57 -3.07±3.96 5.5±6.53 

Table 4: Mean AP position of the maxillary central incisor relative to GV  

 

The optimal AP position for the maxillary central incisor (Group R) relative to 

GV for orthodontists was -2.20±5.11, while the optimal AP position for the maxillary 

central incisor relative to GV for laypersons was -3.07±3.96.  
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3.5 - Evaluation of Statistical Differences  

 In order to determine whether there were statistically significant differences in the 

mean AP incisor position relative to GV between the three groups for orthodontists and 

laypersons, an analysis of variance (ANOVA) test was used. The ANOVA test was used 

for comparisons among Group R, Group B, and Group F. All comparisons were 

significantly different, except for Group B v Group R for both orthodontists and 

laypersons (95% confidence limit contains 0). The results are shown in Table 5 and Table 

6 below. The comparisons that are significantly different are notated with ** in Table 5 

and Table 6 below.   

 

Orthodontists  

 Differences Between 
Means 

95% Confidence Limits  

Group B v Group F -10.48 -15.94 -5.01 ** 

Group B v Group R -1.63 -6.15 2.90  

Group F v Group R 8.85 4.58 13.11 ** 

Table 5: Differences among groups for orthodontists  

 

Laypersons   

 Differences Between 
Means  

95% Confidence Limits   

Group B v Group F -12.25 -18.50 -6.00 ** 

Group B v Group R -3.68 -9.17 1.81  

Group F v Group R 8.57 3.84 13.30 ** 

Table 6: Differences among groups for laypersons  
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A t-test was also used to evaluate the differences between orthodontists and 

laypersons within Group R, Group F and Group B. For the optimal group, or Group R, 

there was no statistically significant difference between orthodontists and laypersons 

(t=0.54, p=0.5935). For the “too far forward” group, or Group F, there was no 

statistically significant difference between orthodontists and laypersons (t=0.35, 

p=0.7356).  Lastly, for the “too far back” group, or Group B, there was also no 

statistically significant difference between orthodontists and laypersons (t=1.64, 

p=0.1392). Ultimately, all p-values were > 0.05, and no significant difference was found 

for any of the comparisons.  

A t-test was used to evaluate differences in the mean AP position of the maxillary 

central incisor relative to GV based on gender and orthodontists’ years in practice. The 

results showed that in the optimal group, the gender for all male and female evaluators, 

male and female orthodontists, and male and female laypersons, as well as orthodontists’ 

years in practice did not affect the ratings of the evaluators (p > 0.05). See Table 7 below. 

The results also revealed that within Group B, Group F, and all groups, there was no 

significant difference for any of the comparisons of gender for all evaluators, male and 

female orthodontists, or male and female laypersons, suggesting that gender did not 

influence the ratings at all (p > 0.05). See Table 7 for such results.   
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Group R  Orthodontists Laypersons  All  

Gender  t=0.83, p=0.4118 t=0.84, p=0.4089 t=0.77, p=0.4469 

Years in 
Practice  

F=0.84, p=0.5249   

Group B     

 Gender  t=0.70, p=0.5011 t=0.35, p=0.7342 t=0.44, p=0.6750 

Group F     

 Gender  t=0.28, p=0.7860 t=0.14, p=0.8930 t=0.24, p=0.8151 

All Groups     

 Gender  t=0.04, p=0.9683 t=0.88, p=0.3804 t=0.34, p=0.732 

Table 7:  Summary of demographic information and its effect on evaluators’ ratings 

 

3.6 - Relationship Between Incisor Position and Forehead Inclination  

 The graph below in Figure 22 reveals the relationship between the optimal AP 

position of the maxillary central incisor relative to GV and forehead inclination. 

Pearson’s correlation coefficient was calculated at 0.40517 and p-value = 0.0764. 

Therefore, the optimal AP position of the maxillary central incisor relative to GV and 

forehead inclination are not significantly correlated.   
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Figure 22: Relationship between the optimal AP position of the maxillary incisor and 

forehead inclination  

 

4. Discussion  

 In addition to prior studies that evaluated other ethnicities, this study supported 

the hypothesis that the relationship of the maxillary central incisor to the forehead can be 

used to determine the ideal antero-posterior incisor position in African American males. 

In this study, the optimal AP position of the maxillary incisor was -2.1mm behind GV for 

adult African American males. This study also agreed with a previous study that 

determined that GV is considered a reliable frontal plane for the anterior maxillary 

incisor AP position (Tomblyn, 2015). Therefore, recording a smiling profile photograph 

as part of initial and final records can also be recommended as mentioned by Gidaly et al. 

(2019), as it may be beneficial to consider in treatment planning orthodontics and 

orthognathic cases.  

As previously mentioned, the optimal AP position of the maxillary incisor was     
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-2.1mm behind GV for adult African American males. However, for Caucasians, 

according to Carruitero et al. (2019), the optimal incisor position is within 1mm of GV, 

and the optimal position for adult Asian males was 0.86 in front of GV (Kocan, 2021). 

Therefore, this finding supported the hypothesis that the optimal antero-posterior position 

of the maxillary incisors for adult African American males would differ from the 

established position for Caucasians and adult Asian males based on previous research that 

found differences in the esthetics of profiles amongst a variety of ethnic groups. 

In a study by Gidaly et al. (2019), it was determined that the optimal position of 

the maxillary central incisor for African American females was anterior to glabella 

vertical by a mean of 8.58mm. However, for African American males, the optimal AP 

position of the maxillary incisor was -2.1mm behind GV.  While the preferences for male 

African Americans versus female African Americans may differ between these two 

studies, one may conclude that when treatment planning for African American females, 

they may favor more of a protrusive incisor position, while for African American males, 

a more retrusive incisor position may be favored.   

 When comparing the optimal position of the maxillary incisor as determined by 

orthodontists and the optimal position of the maxillary incisor as determined by 

laypersons, there were no statistically significant differences. These results accepted the 

null hypothesis that there was no difference in the optimal AP incisor position relative to 

GV between orthodontists and laypersons. Since there were no differences in opinion on 

the optimal antero-posterior position of the maxillary central incisors, this ultimately 

considers Andrews’ observation that judges innately observe the forehead and maxillary 

incisors to evaluate orofacial harmony in a profile. Moreover, when comparing the 
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position of the incisors that the orthodontists rated too far back with the position of the 

incisors that the laypersons rated too far back, there were no statistically significant 

differences. For those incisors that orthodontists rated too far forward were compared 

with those incisors that laypersons rated too far forward, there were also no statistically 

significant differences.  

There were also no significant differences in gender between all males and all 

females, male and female orthodontists, or male or female laypersons for the optimal 

group or Group R. Thus, these results accepted the null hypothesis that there was no 

difference in the optimal AP incisor position relative to GV between males and females. 

There were also no significant differences in gender between all males and all females, 

male and female orthodontists, or male or female laypersons for all groups, Group F, or 

Group B. There were also no significant differences in the optimal group when 

comparing orthodontists’ years in practice. These results accepted the null hypothesis that 

there was no difference in the optimal AP incisor position relative to GV between 

orthodontists’ years in practice. 

 From these results, it can be concluded that the training of the orthodontist does 

not influence the orthodontists’ opinion in determining the optimal position of the 

maxillary central incisor. Furthermore, there was no preference indicated for males 

versus females or orthodontists versus laypersons when determining if the maxillary 

central incisor was optimal, too far forward, or too far back. Therefore, when 

orthodontists treatment plan an orthodontic or orthognathic surgery case, they may keep 

in mind that their evaluation of the AP position of the maxillary incisor may be similar to 

the perception of their patients and that their patients’ assessment of their own esthetics 
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may coincide with what an orthodontist may evaluate professionally.  

 While the results of the ANOVA test revealed that all comparisons were 

significantly different, except for Group B v Group R, for both orthodontists and 

laypersons, the null hypothesis that there is no difference in the mean AP position of the 

maxillary incisor relative to GV between those participants that ranked the position of the 

incisor to be optimal and those participants that ranked the position of the incisor to not 

be optimal was rejected. It may also be determined from the ANOVA test that while all 

comparisons were significantly different, except for Group B v Group R, for both 

orthodontists and laypersons, this may indicate that both orthodontist and layperson 

participants had a smaller threshold in millimeters for when they determined the AP 

position of the maxillary incisors were too far back versus just about right. In a study 

done by Schlosser et al. (2005), statistically significant differences regarding the esthetic 

judgement were found with each millimeter of antero-posterior change in position of the 

maxillary incisors when evaluating a smiling photo. While people may be able to discern 

between the amount of millimeter difference regarding the AP position of the maxillary 

incisors from a smiling profile photo in this study, at least 70% of participants can also 

agree on such a millimeter difference, as the mean incisor position for what participants 

considered too far forward, too far back, and just about right were determined. However, 

the significant differences found from the ANOVA test may be misinterpreted as the 

differences were compared from the means and did not take the standard deviations into 

consideration. In looking at Table 4, the overlap in means and standard deviations for that 

of Group B and Group R for both orthodontists and laypersons can be appreciated. This 

also may insinuate that because these groups have larger standard deviations, there may 



 

                         
 

45 

be a larger range of what may be clinically acceptable among adult African American 

males. Ultimately, the differences between such groups did not negate the importance of 

having been able to identify the optimal AP position of the maxillary incisor relative to 

GV, along with those considered too far forward or too far back, as at least 70% of 

participants still agreed on the AP position of the incisors for that subject to be 

categorized in each of the groups and then the means of those groups were found. What 

could be considered for a future study is to possibly do repeat studies on the participants, 

and have the participants review the subjects at time one and time two about two weeks 

later to see if there is reliability in evaluating the photos the second time around. This 

could validate that everyone consistently believes that the AP position of the incisor was 

categorized into the groups that they said they were and there could be a high level of 

discernment when it comes to evaluating the AP position of the maxillary incisors in 

millimeters. Also, while this study’s results were based off all forehead inclinations, a 

future study could group forehead inclinations by degrees and then calculate the AP 

incisor positions. In doing so, it may be possible that there would be more statistically 

significant differences with smaller standard deviations.  

 The optimal AP position of the maxillary central incisor relative to GV and 

forehead inclination were not found to be significantly correlated. This finding was not in 

agreement with previous studies that found strong associations between the optimal 

antero-posterior position of the maxillary incisors relative to GV and forehead inclination 

(Gidaly et al., 2019; Kocan, 2021). Furthermore, it disagrees with Andrews and Andrews 

(1999) who insinuated that as the forehead inclination increases, so does the anteriority of 

the optimal incisor position. Therefore, these results accepted the null hypothesis that 
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there is no difference in the optimal AP position of the maxillary incisor relative to GV 

among various forehead inclinations.  

 

4.1 - Limitations  

One of the limitations in this study could have been that two different 

photographers took the images of the subjects with two different cameras. Although the 

subjects were at a fixed distance from the backlit screen, the photographer, and the 

mirror, and the millimeter ruler was used to calibrate the measurements for each photo, 

allowing for this method to be reproducible, there may have been some subjectivity in 

natural head orientation by each photographer. Moreover, as the subjects were 

photographed in natural head orientation and their heads were adjusted clinically or 

digitally, the vertical line to be used as a reference in the photo background was then not 

truly vertical, and therefore, a true vertical was not established from the photo 

background. The true vertical line was then estimated based off the adjusted photo to be 

perpendicular to the floor, and the line was then positioned to touch the subject’s soft 

tissue glabella. This estimation of the true vertical line may also be a limitation of the 

study. For future studies, a true vertical line in the photograph background should be 

determined and that true vertical line should be completely vertical while adjusting the 

subject’s natural head orientation. The photograph then should be taken after these 

parameters are all met.   

Another limitation of this study was the length of the survey that participants were 

asked to complete. While having more subjects in the study to increase the sample size 

may have been more beneficial from a statistical standpoint, there were more subjects for 
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participants to evaluate and survey fatigue may have played a role in the number of 

participants that completed the survey or did not continue to fully evaluate the photos 

towards the end of the survey, possibly impacting the validity of the results.  A total of 

180 participants began the survey, but only 84 participants or 47% of participants 

completed it. In order to account for possible survey fatigue, the survey was designed so 

that participants could pause the progress of the survey and return to complete it on their 

own time. The questions that the participants had to answer for each subject were also 

short and concise questions with an answer option to choose from, rather than a free 

response question to complete. However, the survey photos could have been randomized 

to account for survey fatigue but were not in this study. Thus, this also could have been a 

limitation. Although the survey was posted into 2 online forums of roughly 650 

orthodontists and orthodontic residents each, and was also sent out individually to faculty 

members, alumni, and other residents to total around 90 more orthodontists, there was 

overlap between such members of the groups and those that were emailed. Therefore, it 

was difficult to gauge how many total survey respondents could have been reached from 

the orthodontic community.  

Another limitation of this study could have been that it was distributed during the 

COVID-19 pandemic and because of the pandemic, a lot of thesis projects and research 

around the country may have restructured their studies and relied on surveys to collect 

data.  With the large number of surveys being distributed, the desire to continuously opt 

in to participating in a study may have decreased due to the frequency of recruitment 

emails that may have been received by participants. 

In this study, Caucasians comprised the majority of participants that completed 
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the study. 60 out of 83 participants (one participant did not specify their ethnicity) or 72% 

reported that their ethnicity was Caucasian. Out of the participants that were 

orthodontists, 82.96% identified as Caucasian, and out of the participants that were 

laypersons, 58.33% identified as Caucasian. The breakdown of the ethnicities can be 

found in Table 2 above. According to the Orthodontist demographics and statistics in the 

U.S. (2021), the most common ethnicity among orthodontists is Caucasian at 72.5%, 

which implies that Caucasian orthodontists were overrepresented in this study. According 

to that same report, Asians and Hispanic orthodontists were underrepresented by roughly 

10% and 3% respectively in this study, and African Americans orthodontists’ 

representation was similar from 3.6% from the demographic report and 4.26% from this 

study (Orthodontist demographics and statistics in the US, 2021). For laypersons, the 

number of Caucasians in this study were slightly underrepresented at 58.33% while the 

U.S. demographic reports that 76.3% of the U.S. is Caucasian (U.S. Census Bureau 

QuickFacts: United States, 2020). Moreover, African Americans laypersons participation 

was at 22.22% in this study as compared to 13.4% represented in the U.S., and were 

slightly overrepresented, in addition to Asian laypersons in this study that comprised 

11.11% as compared to 5.9% (U.S. Census Bureau QuickFacts: United States, 2020). 

Lastly, while 2.78% of laypersons were Hispanic in this study, 18.5% of the U.S. 

population are Hispanic, so they were underrepresented in this study as well (U.S. Census 

Bureau QuickFacts: United States, 2020).  While this study did not evaluate whether the 

ethnicity of participants influenced the ratings of the participants, this may be a limitation 

of the study. On the other hand, since orthodontic experience and gender did not 

influence rating, it may also be unlikely that ethnicity would as well. Further studies 
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could evaluate whether there would be a significant difference in the way African 

Americans evaluate the incisor position relative to GV for other African Americans in 

comparison to other ethnicities. As the ethnicity of participants or respondents was 

previously studied by Polk et al. (1995), it was found that African American respondents 

preferred the profiles with flatter silhouettes, but also appreciated a fuller lip than what a 

Caucasian profile would feature. In possibly comparing the differences between 

ethnicities of the participants, one would be able to evaluate how the participant’s 

ethnicity may influence their judgement of the AP incisor position.  

 

5. Conclusions  

  This study showed that the relationship of the maxillary central incisor to the 

forehead can be used to determine the ideal antero-posterior incisor position in African 

American males. Since the optimal AP position of the maxillary incisor was found to be -

2.1mm behind GV for adult African American males, the hypothesis that the optimal 

antero-posterior position of the maxillary incisors for adult African American males 

would differ from the established position for Caucasians and adult Asian males based on 

previous research that found differences in the esthetics of profiles amongst a variety of 

ethnic groups was supported.  

 When the optimal position of the maxillary incisor was compared between 

orthodontists and laypersons, there were no statistically significant differences, and the 

null hypothesis was accepted in that there was no difference in the optimal AP incisor 

position relative to GV between orthodontists and laypersons. In evaluating if 

demographics had any effect on the ratings of the participants, this study found that there 
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were also no significant differences in gender between all males and all females, male 

and female orthodontists, or male or female laypersons for the optimal group or Group R. 

These results accepted the null hypothesis that there was no difference in the optimal AP 

incisor position relative to GV between males and females. When comparing 

orthodontists’ years in practice, there were also no significant differences in the optimal 

group, and the results accepted the null hypothesis that there was no difference in the 

optimal AP incisor position relative to GV between orthodontists’ years in practice. Thus, 

gender or years of experience of the orthodontists did not influence the ratings of the 

participants. 

The null hypothesis that there was no difference in the mean AP position of the 

maxillary incisor relative to GV between those participants that ranked the position of the 

incisor to be optimal and those participants that ranked the position of the incisor to not 

be optimal was rejected when reviewing the results of the ANOVA test that determined 

that all comparisons were significantly different, except for Group B v Group R, for both 

orthodontists and laypersons. However, since the differences were compared from the 

means and did not take the standard deviations into consideration, the ANOVA results 

may be left to interpret in a variety of ways. While such differences were found between 

the aforementioned groups, these results did not negate the importance of having been 

able to identify the optimal AP position of the maxillary incisor relative to GV or what 

participants considered too far forward or too far back, as at least 70% of participants still 

agreed on the AP position of the incisors in order for that subject to be categorized in 

each of the groups and then the means of those groups were determined. 

The null hypothesis was accepted in that there was no difference in the optimal 
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AP position of the maxillary incisor relative to GV among various forehead inclinations, 

as the optimal AP position of maxillary central incisor relative to GV and forehead 

inclination were not found to be significantly correlated.  

 Overall, this study acknowledged that in treatment planning orthodontics and 

orthognathic surgery, the optimal AP position of the maxillary incisor relative to GV can 

be considered relative to the ethnicity of the patient. This study showed that even the 

preference of the optimal AP position of the incisor differed between varying ethnicities, 

including Caucasians and Asian males, and within the same ethnicity regarding African 

American females. Thus, ethnicity is an important consideration in treatment planning. 

This study also found that training of the orthodontist, the gender of the participants, or 

whether the participant was an orthodontist or layperson did not significantly influence 

the determination of the optimal position of the maxillary central incisor relative to GV. 

Therefore, when orthodontists treatment plan an orthodontic or orthognathic surgery case, 

and when patients consult an orthodontist for esthetic considerations, they both may 

remember that their perceptions and opinions may coincide with one another when 

communicating about esthetic goals of the treatment plan.  
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APPENDIX 

Copy of RedCap Survey completed by Orthodontists and Laypersons 
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