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ABSTRACT 

 
Objectives: The purpose of this pilot study is to evaluate if contemporary tooth 

measurements in the Greater Philadelphia area differ from those of a historical sample, 

from the Michigan Growth Study “Standards of Human Occlusal Development”, that are 

used in diagnosis and treatment planning. The objective is to compare mesiodistal and 

buccolingual dental measurements from contemporary  Hispanic American and African 

American patients to a previously determined historic population of Caucasians. 

Methods: Intraoral scans of 20 Hispanic (12F, 8M) and 38 African American 

(28F, 10M) patients screened for orthodontic treatment were measured using Amira® 

morphometric software. The mesiodistal & buccolingual tooth crown diameters of 

greatest distance were measured for all permanent teeth excluding second and third 

molars. 

Results: Overall, the Philadelphia population had significantly larger tooth sizes 

when compared to the historic population. Further examination reveals males have larger 

teeth than females, and contemporary African Americans have larger teeth than 

contemporary Hispanic Americans, who in turn have larger teeth that historic Caucasians.  

 Conclusions: Differences in tooth sizes exist between contemporary Hispanic and 

African Americans from a historical sample of Caucasian gathered over 50 years ago. 

Past standards attained from Caucasian subjects such as mixed dentition prediction 

equations & Bolton discrepancies may not apply to all patients treated at Temple 

University’s Dental School. 
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CHAPTER 1 

INTRODUCTION 

 

Patients commonly receive orthodontic treatment to correct malocclusions and 

unaesthetic tooth positions. Prior to orthodontic treatment initiation, goals are established 

and set by both the patient and orthodontist. Often the main objectives of orthodontic 

treatment are proper alignment of teeth within both the maxillary and mandibular dental 

arches, and the establishment of good occlusion. Both of these are heavily dependent on 

the size of an individual’s dentition. It has been well established that if a significant tooth 

size discrepancy exists between the maxilla and mandible, perfect alignment of the teeth 

may not establish an ideal occlusion (Bolton, 1958).  

Two key diagnostic tools heavily used by orthodontists include the Bolton tooth 

ratio analysis and mixed dentition prediction equations. The crown tooth size, which 

forms the backbone upon which these diagnostic tools are based on, has been explored 

throughout the decades but for limited, non-diverse patient populations. Evaluation of 

historical information reveals that there is plethora of information gathered for Caucasian 

populations. However, there is minimal detailed knowledge or normative standards 

developed for historically underrepresented populations, as the majority of orthodontic 

tooth size datasets were developed decades ago from predominantly Caucasian 

populations. Thus, there is a need for newer standard values based on different 

ethnicities, races, and patient populations from which orthodontic diagnosis can advance 

and improve. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1. Tooth Size Analysis History 

The topic of tooth size is a well-explored component in orthodontics that directly 

impacts the treatment process and result. A key element of orthodontics is the ability to 

align teeth and achieve proper intercuspation. This function is a direct result of a 

proportional relationship between individual teeth of the maxilla and mandible, and how 

they relate to one another. A harmony in tooth size must exist between the maxillary and 

mandibular to ensure ideal occlusion. There are ideal ratios between the total mesio-distal 

width of the maxillary dentition to the mesio-distal width of the mandibular dentition, 

that support a proper functional relationship and favor an optimal post treatment 

occlusion. More complex analyses factor both the mesio-distal and buccal-lingual tooth 

sizes between maxillary and mandibular teeth to determine how they affect ideal 

occlusion, overjet, and overbite. 

 If there is a significant tooth size discrepancy between the maxilla and mandible, 

perfect alignment of the teeth may not establish an ideal intercuspation/occlusion, without 

correcting for the discrepancy. The father of modern dentistry and a pioneer in the field, 

G.V. Black, was one of the first individuals who evaluated and recorded the widths of 

teeth, in the early 1900s. His primary goal was to construct data sets of tooth dimensions, 

many of which are still used as references today. G.V. Black’s initial examinations of 

tooth crown sizes and dental arch forms sparked additional research and further analyses 

of tooth sizes and occlusions.  
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The focus of the subsequent studies was to ascertain the effects of different tooth sizes 

and whether or not certain characteristics or trends correlated to malocclusions (Black, 

1892). 

In 1923, Dr. Gilpatric first determined that the total mesio-distal tooth diameters 

in the maxillary arch were larger than that of the mandibular arch by 8-12 mm. Ballard in 

1944 measured 500 sets of dental plaster models and analyzed the mesio-distal crown 

dimensions of the teeth. Based on his results, he encouraged the interproximal stripping 

of teeth when a harmonious equilibrium of the maxillary and mandibular teeth was not 

present. During the mid-twentieth century, Dr. Neff and Dr. Wayne Bolton further 

advanced the study of tooth size. They aimed to devise precise equations that described 

the proper balance of the maxillary and mandibular dentitions. Neff focused on the 

anterior region. He measured the mesio-distal crown size of 200 individuals, from canine 

to canine in both the maxillary and mandibular dental arches. From this dataset he 

summed the mesio-distal crown diameters of the maxillary teeth and divided that value 

by the sum of the mandibular teeth, per individual. He labeled this value the anterior 

coefficient and directly associated it to differences in overbite between individuals. He 

concluded “That everything else being normal an orthodontic or non-orthodontic arch 

will settle to the degree of overbite indicated by the anterior coefficient.”  

Perhaps, the most notable examination on tooth size and dental occlusion was 

conducted by Dr. Wayne Bolton in 1958. In this study he compared the complete mesio-

distal crown diameters of the maxillary arch to the mandibular arch from first molar to 

first molar. 
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 In total he evaluated 55 cases with “excellent” occlusion and was able to develop 

predictive ratios of the mandibular dentition to the maxillary, that determine optimal 

occlusion.  

Other studies that examined tooth size and dental arch relationship on a 

longitudinal basis were conducted at the university level. In these studies records were 

collected over a 20 to 30 year span of time ranging from the 1940’s through the 1970’s.  

These hallmark growth studies were conducted at the department of orthodontics in 

institutions such as The University of Iowa, The University of Oregon, The University of 

Toronto, and The University of Michigan. All of the patients examined by these 

institutions were primarily of Northern European ancestry. 

 

2.2 Longitudinal Craniofacial Growth Studies 

 Since their founding, universities have been integral in furthering comprehension 

of many fields from an objective scientific lens; both dentistry and orthodontics are no 

different and have been greatly enriched from research efforts made at the university 

level. Multiple longitudinal studies were conducted with the aim of evaluating facial 

growth, tooth eruption and size, and dental arch development. With the support of many 

orthodontists, the American Association of Orthodontics Foundation (AAOF) established 

a comprehensive collection of nine of the most notable longitudinal craniofacial growth 

records, and is open to any clinicians or researcher viewing for further investigation. 

Below are summaries of some of the more distinguished studies in this collection that 

have been used as historic samples for investigation into patient dental development, 

orthodontic diagnosis and treatment prediction.  
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 In 1946, Drs. Howard V. Meredith and L.B. Higley started a facial growth study 

at the University of Iowa. During this study dental models, anterior and profile 

photographs, and full intraoral radiographs were taken semiannually, while posterior-

anterior and lateral cephalometric radiographs were taken every three-months until age 

five, and twice annually afterwards. Once subjects reached the age of twelve, records 

were taken on an annual basis until 1960, when many of the subjects reached the age of 

eighteen. In total they examined 183 Caucasians (92 male and 91 female), 97% of 

northwest European ancestry.  

The Department of Orthodontics at the Oregon Health and Science University 

conducted a longitudinal study from the early 1950’s through the 1970’s. They monitored 

a total of 357 untreated Caucasians. The examiners collected comprehensive records on 

each subject including: photographs, study models, full intraoral radiographs posterior-

anterior and lateral cephalometric radiographs, and hand-wrist radiographs. These records 

were collected on either a semi-annual or an annual basis.  

 Dr. Robert Moyers initiated the Burlington Growth Study at the University of 

Toronto in 1952. The predominant ethnic group examined were Caucasians of Anglo-

Saxon ancestry. The study population consisted of 1258 children recorded at various ages 

totaling 7,000 sets of records and 42,000 cephalometric radiographs. The complete 

orthodontic records of the subjects included 6 cephalometric radiographs taken from 

different angles, a hand-wrist radiograph, dental models, photographs, height, weight, and 

patient history including: diagnosis, habits, diseases, and ethnic background. A total of 

167 Burlington Growth Centre Cases are of high enough quality to meet the AAOF’s 

criteria for use in the legacy collection.             



6 
 

The Michigan Growth Study curated by James A. McNamara is another historic 

study in the field of orthodontics. Annual data collection began in 1935 which consisted 

of medical, dental (i.e. casts), psychological and anthropological data. The investigators 

began collecting cephalometric radiographs in 1953, and all data collection continued 

until 1970. A total of 720 individuals participated in the study throughout its duration, 

with 48 subjects (18 male, 30 female) having longitudinal records taken. The majority of 

participants were of Northern European descent. These efforts resulted in the publication 

of two atlases, one on cephalometric standards and the other on dental cast measurements 

which analyzed tooth size, dental arch width, dental arch depth, and dental arch 

perimeter.  

One key element these studies provide to the orthodontic community is the 

capability to study tooth dimension effects on craniofacial growth and development and 

vice versa. In 1977 Moyers and Wainright discussed the skeletal contributions to occlusal 

development and the concept that variations in dental morphology may produce 

variations in occlusal relationships. They explained differences in teeth between primary 

and permanent dentitions help determine occlusal relationships and underlying alveolar 

bone development. They believed certain dental characteristics may be correlated to 

craniofacial skeletal relationships and serve to mask skeletal discrepancies between the 

maxilla and mandible. 

 In 1977, Sperry et al. found the frequency of mandibular tooth size excess was 

significantly correlated to cases of mandibular prognathism and Angle class III occlusion. 

Suggesting that the larger tooth size may have impacted the underlying alveolar bone and 

skeletal housing resulting in the mandibular prognathism.  
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Another investigation by McCann and Burden, in 1996, showed that the mesiodistal tooth 

size of 30 patients with angles class I with bimaxillary dental/alveolar malocclusion was 

6% larger on average when compared to 30 class I controls with normocclusion without 

bimaxillary protrusion. They concluded that increased tooth size is a contributing factor 

in the etiology of bimaxillary occlusion and the resultant boney housing increase. Nie and 

Lin, in 1999, found a significant trend with tooth size ratios (mandibular teeth/ maxillary 

teeth): Class III > Class I > Class II. A higher ratio value means mandibular teeth are 

larger than maxillary teeth and a lower value means mandibular teeth are smaller in 

relation to maxillary teeth. They suggested that tooth size discrepancies between 

maxillary and mandibular teeth may be significant in the development of malocclusions. 

These studies are just a few examples that show the importance of tooth dimensions and 

the development of occlusal, alveolar, and skeletal harmony   

Ultimately, all of these historic studies are important in the field of orthodontics. 

They provided large datasets that allowed for the creation of orthodontic treatment 

assumptions, still in use today for diagnosis and treatment planning. One major issue with 

all these studies is lack of their subject diversity. All of these historic studies examined 

people of European ancestry. The information gained may not be applicable to a vast 

amount of the world’s population or to many people living in The United States of 

America. There is still a pressing need for extensive datasets on dental development for 

racial ethnicities and local populations other than Caucasians of European descent. 
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2.3 Population Variation 

These past studies although important are not descriptive of every orthodontic 

patient, mainly due to their limited population diversity. In fact, the literature supports the 

notion that tooth size is dependent upon population, race, sex, environment, and heredity 

according to published journal articles. Authors such as, Lavelle (1972), Bishara (1986 & 

1989), Fernandes (2013), Otuyemi (1996), and many others have all performed studies 

that evaluated and recorded the tooth size of different racial and ethnic populations. The 

results of their investigations found statistically significant differences in tooth size based 

upon the patient populations. Not only are there size differences between races but 

anthropologic investigators such as Heather Edgar (2013) even use distinct dental 

morphological characteristics to estimate the ancestry of skeletal remains. She examined 

the teeth of African Americans, European Americans, and Hispanic Americans in order 

to develop identification equations from distinct dental traits present or absent in each 

group.  

Bishara used data sets from the aforementioned Iowa Facial Growth Study to 

formulate normative values for mesio-distal tooth widths of the Caucasian dentition. He 

then compared this (Caucasian) population’s tooth sizes to both Egyptian and Mexican 

patient populations. His findings showed statistically significant variations between the 

tooth sizes among these populations. Further analysis revealed the differences were of 

minimal to moderate clinical significance. Even though Bishara found only a small 

clinically significant difference between tooth sizes, he concluded that an accurate 

analysis of individual populations is needed to devise equations pertaining to tooth size 

for each patient population based on the possibility of variation. 
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 Another study conducted by Fernandes et al. (2013) evaluated the mesio-distal 

tooth sizes of Caucasians with Brazilian heritage, Japanese citizens, and Africans. They 

found the mesio-distal measurements were not humongous between these varying 

populations. Their results showed Africans had the greatest mesio-distal length of the 

teeth, followed by the Japanese sample, and finally Caucasians. In 1996 Otuyemi 

established normative values for Nigerians and compared these values to a historic 

Caucasian population. His results showed that Nigerian teeth were significantly larger 

than the Caucasian normative values currently in use. Similarly, in 1979 Keene, et al. 

verified previous findings that 56 African Americans had larger teeth compared to 387 

Caucasians from a similar geographic region. 

Additionally, Smith et al. in 2000, studied three different populations: African 

Americans, Hispanics, and Caucasians. They evaluated 30 male and 30 female pre-

orthodontic casts from each population group. They found significant differences in tooth 

sizes and tooth ratios between the populations with Caucasians with the smallest, 

followed by Hispanics, and lastly African Americans. The significant differences in tooth 

size among different populations, based on race, should not be ignored. The general 

findings of the orthodontic literature indicate that African Americans have the largest 

tooth dimensions, followed by Hispanics, and lastly Caucasians.  

These findings provide credibility to the statement made by Neff, in 1949, that to ensure 

proper diagnosis and treatment planning, it is essential for normative tooth size values to 

be established for each patient population. 
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2.4 Gender Variation 

While the previous efforts undertaken by Black, Gilpatric, Ballard, Neff, and 

Bolton provided accurate analysis of tooth dimensions and the subsequent proportions 

required to achieve ideal occlusion, they failed to factor differences between varying 

patient populations. These researchers assumed that the standardized ratios apply to all 

patient regardless of race, gender, or ethnicity. Furthermore, G. V. Black (1892) never 

identified the race of his samples, although many assume they are of European descent. 

While the Caucasian population in studies by Gilpatri, Ballard, Neff, and Bolton are well 

established, another aspect these authors failed to document and explore in sufficient 

detail was differences in tooth sizes and occlusion between males and females.  

Research conducted after these initial examinations revealed a sexual dimorphism 

in tooth dimensions. When the mesio-distal and buccal-lingual tooth diameters are 

measured, a clear pattern emerges, between the sexes, with males exhibiting larger teeth 

in all dimensions compared to females. These sex differences have been confirmed by 

multiple studies, indicating that regardless of population, heredity, or environment, male 

teeth are greater in size than female teeth. All craniofacial growth studies contained in the 

AAOF legacy collection verify this difference in tooth size between the sexes for both 

mesio-distal and buccal lingual dimensions.  

Both Seipel in 1946, and Moorrees in 1959, found less prominent sex 

discrepancies in the deciduous dentition vs the permanent dentition. They both showed 

the difference between sexes was greatest for both deciduous and permanent canines, 

while incisors showed minimal differences and premolars showed an intermediate 

difference.  
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All the differences between the sexes were significant, in the permanent dentition. These 

observations were substantiated by Garn in 1967 who found that male teeth were on 

average 4-6% percent larger mesio-distally than women. Garn found the teeth with the 

greatest difference in size between the sexes were mandible canines, and the teeth that 

were the most similar dimensionally were mandible incisors. 

 Beresford in 1969 found every tooth in the mouth was statistically, significantly smaller 

for girls than boys. Sanin and Savara in 1971 showed the mesiodistal dimensions were 

significantly different between the sexes for all teeth except mandibular incisors.  

Taking the evaluation of teeth one step further, researchers began to run 

multivariate discriminant analysis on male and female tooth sizes rather than univariate 

techniques. Using the multivariate technique in 1972 Potter was able to further support 

the previous findings that male teeth are larger than female teeth. In the same year as 

Potter, independent examination by Ditch and Rose (1972) showed 93% accuracy in 

determining the sex of subjects based on tooth size. 

Uysal and Sari, in 2005, demonstrated these findings are consistent with the 

Turkish population. Moorrees and Garn demonstrated these finding in Caucasians 

populations. Lavelle in 1972 showed these finding for Caucasian, Asian, and Black 

populations. The sex dependent differences between tooth sizes are found in all 

populations throughout the world regardless of race or ethnicity. Therefore, in any study 

that evaluates tooth dimensions, it is critical that independent analysis be performed 

between male and female populations.  
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2.5 Bolton Analysis 

In 1958, Dr. Wayne Bolton developed an analysis that compares the total mesio-

distal tooth widths of both the maxillary and mandibular arches from first molar to the 

contralateral first molar. Additionally, the anterior segments of both arches are measured 

by the total mesio-distal tooth widths of the dental arches from canine to canine. In total 

he evaluated 55 cases with what he deemed displayed “excellent” occlusion.  

In all, 44 of the cases were treated orthodontically without extractions and the other 11 

cases were untreated. He reached the conclusion, that it would be impossible to obtain 

proper coordination of the dental arches and an ideal occlusion following orthodontic 

treatment without first establishing a standardized mesio-distal tooth size ratio for the 

maxillary and mandibular dentition. Bolton’s novel analysis helped further the field of 

orthodontics by providing an invaluable tool for diagnosis and treatment planning.  

 

 

Figure 1: Overall and Anterior Bolton Ratio Equations 

 

Even though Dr. Bolton examined a combination of treated and untreated 

subjects, he only reviewed Caucasian individuals which is a large weakness of his initial 

investigation. Future studies of the tooth size ratios focused on whether Dr. Bolton’s 

standardized values could be applied to patient populations of differing race and 

ethnicity, or if unique, population dependent ratios would need to be formulated. 
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Specifically, in 2000 Smith, et al. examined differences in the tooth size ratios between 

both genders and in 3 different populations: Caucasians, African Americans, and 

Hispanics. Their results demonstrated that tooth size relationships are both population 

and sex specific. They concluded that the traditional Bolton ratio only applies to white 

females, and that tooth size ratios cannot be arbitrarily applied to white males, blacks, or 

Hispanics.  

In 2006 Paredes, et al. examined whether the Bolton ratio applies to a Hispanic 

population. They reached a similar conclusion and stated that Bolton’s ideal tooth size 

ratio did not apply to the Hispanic population they examined. The results of these and 

other investigations have found statistically significant differences between different 

patient populations and ideal tooth size ratios. Therefore, newer standard values for the 

Bolton ratios based on different ethnicities, races, and patient populations must be 

determined and used in orthodontic diagnosis and treatment planning. 

 

2.6 Prediction Equations 

A key component of orthodontic diagnosis and planning that should be completed 

preceding treatment initiation is a tooth size assessment. During the mixed dentition stage 

of dental development, determination of spacing or crowding of the dentition is 

paramount. Tooth sizes may not be in a harmonious relationship to the amount of 

available space each dental arch provides. When tooth sizes are greater than dental arch 

perimeter crowding of the arch occurs, and if tooth sizes are smaller than available arch 

perimeter spacing occurs.  
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Overall, estimation of future spacing or crowding of teeth in the permanent 

dentition are determined by observations and measurements made during the mixed 

dentition stage. These evaluations determine the amount of space available for both the 

maxillary and mandibular arches and are essential for making educated decisions when 

diagnosing and treating each patient. 

Improper evaluation and diagnosis can lead clinicians to planning, predicting, and 

potentially performing the incorrect treatment. 

 For example, overestimation of the available space results in unpredicted crowding that 

may ultimately require extractions, that were never initially discussed with the patient 

and or guardian, to eliminate the crowding.  Conversely, underestimation of arch space 

could result in unnecessary extractions of teeth, via serial extraction therapy. This 

miscalculation would result in unwarranted extractions of perfectly healthy teeth, 

excessive spacing and prolonged treatment time. 

Some of the most well know and utilized prediction equations were developed by  

Hixon and Oldfather, Tanaka and Johnston, and Moyers. Their equations provide 

orthodontists with the necessary methodology for making accurate predictions on spacing 

or crowding during the mixed dentition. Each study analyzed teeth present during mixed 

dentition and used them to predict the spacing required for the eruption of the permanent 

teeth. Both the Tanaka and Johnston and the Moyers analysis factor the mesio-distal 

widths of the four lower permanent incisors, and use their sum to accurately determine 

the mesio-distal width of the permeant canines and premolars that replace the primary 

canines and molars present during the mixed dentition.  
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Created in 1971, the Moyers mixed dentition analysis first measures and sums the 

widths of each of the four permanent mandibular incisors. Afterwards this information is 

used along with a probability chart to predict the eruption space needed for permanent 

maxillary and mandibular canines and premolars (Moyers, 1988). Tanaka and Johnston 

(1974) simplified this process by noticing trends in Moyer’s method. They found that by 

halving the mesio-distal widths of the mandibular incisors and adding either 11mm for 

maxillary canine and premolar segments or 10.5 for mandibular canine and premolar 

segments one could arrive at prediction results with comparable accuracy.  

It is important to note that these prediction methods were not developed with 

diverse patient populations. The teeth analyzed to form Moyer’s probability chart and 

Tanaka and Johnston’s simplified equation were Caucasian standards derived from the 

Michigan growth study, “Standards of Human Occlusal Development”. In fact an in-

depth meta-analysis by Buwmbo and Luboga (2004) found the Moyer's prediction 

method may have significant population variations. To guarantee the accuracy while 

using this method it may be safer to develop prediction tables based on specific 

populations. Thus, Moyer's method cannot universally be applied to all patients. The 

presence of a significant difference in mesio-distal tooth sizes, among different patient 

populations, invalidates the current ratios, and establishes the need for customized 

prediction equations.  
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CHAPTER 3 

AIMS OF THE INVESTIGATION 

 

The primary purpose of this pilot study is to systemize a digital method for 

contemporary tooth measurements that are commonly used in orthodontic diagnosis and 

treatment. A secondary goal of this pilot study is to compare the contemporary tooth 

measurements of Hispanic and African American patients treated in Temple University 

Kornberg School of Dentistry, to previous occlusal standards developed from the 

Michigan Growth Study conducted by Moyers, et al. (1976). This is a pilot study to 

develop a systematic method that will allow for continual information gathering from 

patients treated in Temple University’s Dental School.  

Aims: 

1. To determine both mesio-distal and buccal-lingual tooth crown measurements 

of individual teeth from patients treated in Temple University Kornberg 

School of Dentistry using intraoral dental arch scans 

2. To examine sex and race differences in tooth dimension between patients 

treated in Temple University Kornberg School of Dentistry. 

3. To examine right vs. left side difference in tooth size dimension between 

patients. 

4. To compare the contemporary tooth dimension values from Hispanic and 

African American populations treated in Temple University’s Dental School 

to a previously determined population of Caucasians from the Michigan 

Growth Study conducted by Moyers, et al. (1976). 
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CHAPTER 4 

MATERIALS AND METHODS 

 The following chapter describes subjects, techniques, and experiments used to 

evaluate dental arch scans. This study was approved by Temple University IRB, protocol 

number 25978. 

 

4.1 Population Setting  

 Patients used in this pilot study come from the orthodontic screening clinic at 

Temple University’s Kornberg School of Dentistry. Every Wednesday and Thursday 32 

patients are evaluated for their individual orthodontic treatment needs in a specialized 

screening clinic. This clinic consists of three individual patient chairs, each with an iTero 

scanner.  Every patient is examined by an orthodontic resident and faculty member. 

Records, including intra/extraoral photos, digital scans, panoramic radiographs, and 

cephalometric radiograph are taken for patients that desire orthodontic treatment and 

score a 25 or greater on the Salzmann index recorded at this visit. These records are used 

for orthodontic diagnosis, treatment planning and insurance approval. All digital scans 

were performed using the iTero Element® (Align Technology, San Jose, CA).  The 

digital scans taken are sent to iTero’s cloud based server where they are stored under a 

password locked cloud based server. This study additionally included dental arch scans 

collected from patients in the orthodontic screening clinic. Measurements, including 

mesio-distal and buccal-lingual tooth sizes were determined using the intraoral scans 

obtained in the screening process.  
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4.2 Subject Selection Criteria 

Patients included in this study had pre-treatment dental arch scans. They were 

between the ages of seven to eighteen years and self-reported, or had a guardian report 

their race and ethnicity in the Kornberg School of Dentistry Orthodontic Department 

Medical History form. Patient’s screened from the date of October 1st, 2018 and onward 

were examined in this study.  October 1st, 2018 marks the initiation of using iTero 

intraoral scanners in the orthodontic screening clinic at Temple University. Prior to this 

date, alginate impressions and plaster casts were the main method for screening and 

recording patient’s dentition and dental arches. Thus, patients screened prior to October, 

1st 2018 were of no value for examination in our study. 

Our inclusion criteria consisted of all patients with: (1) pre-treatment dental arch 

scans, (2) 12 years of age to 18 years of age, (3) who report as Hispanic or African 

American on their health history questionnaire.  

Our exclusion criteria included all patients with: (1) ectopic eruptions of teeth 

which make arch analysis difficult, (2) impacted teeth, (3) fixed restorations including 

crowns, bridges, and implants, and (4) congenitally missing teeth. 

 

4.3 Patient Selection Process in Axium 

 The program Axium© version 7.04.08.310 (LEADTOOLS Technologies Inc., 

Charlotte, NC) was used as the primary means of patient selection for inclusion or 

exclusion in this study. Below is the systematic order and sequence used to screen patient 

eligibility: 
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1. The first step involved axium and navigating to the “scheduler” tab. Once the 

Axium schedule was opened the “book” tab was selected and modified to display 

the orthodontic screening clinic. 

2.  The patients were screened from October 1st, 2018 and onward. Each patient’s 

screening note was examined to verify if an intraoral scan of their dentition was 

taken at that visit. Patients who received intraoral scans of their dentitions were 

further analyzed, patients without scans were excluded at this point. 

3.  The next step involved selecting the “patient attachments” tab on patients with 

intraoral scans. In this section the investigator then selected “scanned documents” 

and opened the patient’s Health Questionnaire (HQ) file. This HQ document is 

given to every patient seen in the orthodontic screening clinic. This was a vital 

part of the patient screening process for inclusion or exclusion as it contains 

patient demographics: age, race/ethnicity, and gender. 

4. Subsequently, patients between the ages of twelve and eighteen, with African 

American/Black or Hispanic/Latino designated on their HQ form, and noted 

gender on the HQ document were included. Any individuals who did not meet 

these prior mentioned criteria were excluded from investigation. 

5. The final step in screening patients in Axium was radiographic examination. 

Investigators selected the “X-ray” tab and the patient’s panoramic radiographs 

were evaluated for the following exclusion criteria: (1) ectopic eruptions of teeth 

(2) impacted teeth, (3) fixed restorations including crowns, bridges, and implants, 

and (4) congenitally missing teeth. If patients had any of the stated exclusion 

criteria they were excluded from examination at this point.  
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4.4 Tooth Crown Measurements  

The following methods used by Moyers, et al. in the 1976 Michigan growth study, 

“Standards of Human Occlusal Development” were used in our study. The mesio-distal 

& bucco-lingual (cheek side to tongue side) tooth diameters for each tooth were 

measured from the two respective contralateral points of greatest distance. In Figures 2 

and 3, points 1 and 8 are examples of the mesio-distal measurement points and 3 and 4 

correspond to bucco-lingual measurement points used in both the Michigan growth Study 

and the present examination. 

 

 

Figure 2: Maxillary Arch Points 
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Figure 3: Mandibular Arch Points 

 

A key difference between this investigation and the 1976 Michigan growth study, 

“Standards of Human Occlusal Development” is the form of dental model examined. In 

the 1976 Michigan examination they used physical dental models in the form of plaster 

casts and as previously stated this investigation used digital models. An integral device 

used for plaster model orientation, measurement, and data acquisition during the 1976 

Michigan study was the Optocom, (University of Nijmegen, Netherlands). The Optocom 

consists of a microscope mounted over a base movable in two spatial dimensions. The 

main purpose of the Optocom was that it allowed examiners to view casts at ten times 

magnification and manipulate the models so each measurement was recorded level with 

the occlusal plane, along the long axis of each tooth.  This device allowed examiners to 

stably position casts and record precise measurements.   
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Figure 4: The Optocom  

 

This current examination utilized the iTero Element® an intraoral scanner capable 

of capturing dental arches and converting them to digital STL files. The iTero Element® 

shoots structed light at a rate of 6,000 frames per second, the visible light waves are 

reflected back off teeth and processed internally to form an image. A recent study 

performed by Keul and Güth, in 2019, compared the accuracy of full-arch digital 

impressions with the iTero Element® to the accuracy of conventional impressions. Their 

results indicate that direct digitalization using the iTero Element® for full arc scans 

results in the same accuracy as physical impressions that are then poured into gypsum 

stone casts.  
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Figure 5: iTero Element® and Digital Model 

 

4.5 Amira Workflow  

Due to the nature of this pilot study, an important aspect of the investigation was 

to determine the functional limits of the morphometric software Amira® version 2019.2  

(Thermo Scientific, Waltham, MA). Initially, the goals of this study were to record both 

tooth size and dental arch dimensional measurements (arch width, depth, and perimeter) 

for each dental arch scan. However, due to the degree of difficulty and time constraints, 

the goal of evaluating dental arch dimensional measurements was removed from final 

investigation.  
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Another hurdle that took considerable time to overcome was uploading the digital scans 

into Amira®. Digital model upload could only be achieved once a technician from 

Amira® was reached for assistance with a program updated. This set back further added 

to the time constraints of this investigation. 

The first workflow below shows the complex process for dental arch refinement, 

tooth segmentation, and the establishment of a centroid point. The second workflow 

displays the simplified process used for tooth size analysis. It is important to note that 

centroid represents the true center of a tooth. It is based on the midpoint, a line that 

intersects both the mesio-distal midpoint and the bucco-lingual midpoint for an individual 

tooth. Prior to establishing centroid, any intra-arch tooth to tooth measurement, for dental 

arch width, depth, and perimeter, is inaccurate due to rotations, angulations, and tips of 

teeth. The methodology discussed below can be further explored and refined by future 

investigation to establish a more efficient method of arch analysis. 

 

4.5.1 Amira Workflow for Tooth Segmentation 

1. The first step was to upload the STL file in the program. 

2. Next, the surfaces were imported and the units of size were confirmed. 

3. Afterwards, the STL file surface mapping was converted to a 3D volumized 

structure using the Convert to Geometry module. 

4. The volume edit module was used to remove the excess material (i.e. palate 

and gingiva) so only teeth with a minimal amount of gingiva were present. 

5. The segmentation editor and the lasso tool were used to isolate individual 

teeth. 
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6. The labeling module was used to label these individual teeth.  

7. The slice module was used to find a 2D slice that captures the greatest cross-

sectional area of the teeth; individual tooth measurements such as mesio-

distal and buccal-lingual were captured.  

8. The line measurement tool was used to draw the midpoint between the mesio-

distal midpoint and bucco-lingual midpoint on each tooth. The recover 

midpoint in the measurement properties of the lines was used to calculate the 

midpoint of these lines. Another line was placed intersecting both of these 

midlines. The resultant midpoint of that line was the centroid.  

9. Step 8 was repeated for each tooth 
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The figures below are a visual representation of the Amira workflow: 

 

 

Figure 6: Amira modular workflow. 
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Figure 7: Volumized dental arch 

 

 

Figure 8: Tooth segmentation with lasso tool 
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Figure 9: Dental arch post segmentation module 

 

 

Figure 10: Dental arch post labeling module 
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Figure 11:  Tooth Analysis using Line Measurement  

 

 

Figure 12:  Tooth Centroid  
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4.5.2 Amira Workflow for Tooth Size Analysis 

1. The first step was to upload the STL file containing the intraoral scan 

information into Amira. 

2. Afterwards the surfaces were imported and the units of size were confirmed. 

3. Next the STL file surface mapping was converted to a 3D volumized structure 

using the Convert to Geometry module. 

4. Once geometry conversion was complete, the line measurement tool was used 

to measure the mesio-distal and buccal-lingual lengths, using the reference 

points 1 and 8, and 2 and 3 respectively as described in section 4.4 

5. Each tooth was measured individually and the model was reoriented between 

each measurement to allow for proper visualization down the long axis of 

each crown prior to any measurement recordings. 

 

4.6 Data Interpretation  

Dental crown measurements obtained were compared between the above 

mentioned racial/ ethnic populations (Hispanic and African American) and to previously 

determined population of Caucasians from the Michigan Growth Study.  Each group was 

subdivided by gender to allow more specific intergroup and intragroup comparisons. The 

descriptive statistics include sample size (n), arithmetic mean (�̅�𝑥), standard deviation (sd), 

sample variance (s2), standard error of the mean (se). Analysis for significance between 

different gender and racial groups is analyzed using independent T-test. The confidence 

interval and P value are set at 95% and ≤ 0.05 respectively. 
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CHAPTER 5 

RESULTS 

 

5.1 Philadelphia Population Tooth Size Comparison by Gender 

The flowing table shows the mean mesio-distal (MD) tooth sizes, standard deviations, 

and the standard error mean for the contemporary Greater Philadelphia population based 

on gender. In this analysis both races of Hispanic and African Americans were combined. 

Please note the nomenclature used for teeth follows the universal dental numbering 

system. 
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Table 1: Contemporary Philadelphia Population Male and Female Mesial-Distal Tooth Size (in mm)

 

This next table shows the mean buccal-lingual (BL) tooth sizes, standard 

deviations, and the standard error mean for the contemporary Greater Philadelphia 

population based on gender. Again, as in the prior analysis both races of Hispanic and 

African Americans were combined.  
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Table 2: Contemporary Philadelphia Population Male and Female Buccal-Lingual Tooth Size (in mm)
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The following table shows an independent t-test evaluation of the differences in 

tooth sizes between both genders. Both the mesio-distal (MD) and the buccal-lingual 

(BL) mean difference, between the genders, are reported below. For every comparison 

made, the Levene’s test for equality of variances lead us to select t-tests where equal 

variances were assumed.  

 

Table 3: Differences in Tooth Size for Contemporary Philadelphia Population (Male VS Female) 

Tooth MD Mean 
Difference (mm) 

MD Std. Error 
Difference 

(mm) 

BL Mean 
Difference 

(mm) 

BL Std. Error 
Difference 

(mm) 

Max Central 
Incisor 

0.18752 0.11248 0.1692 0.12764 

Max Lateral 
Incisor 

0.0994 0.11897 0.26166 0.15922 

Max Canine 0.44464*** 0.09543 0.3012* 12357 
Max 1st  
Premolar 

0.18312 0.09726 0.931 0.10519 

Max 2nd  
Premolar 

0.26248* 0.14502 0.23749* 0.1067 

Max First 
Molar 

0.38550*** 0.10132 0.19673 0.10846 

Mand Central 
Incisor 

0.06886 0.07477 0.12565 0.09609 

Mand Lateral 
Incisor 

0.19719* 0.0806 0.13966 0.09855 

Mand Canine 0.51492*** 0.09415 0.23996 0.13012 
Mand 1st  
Premolar 

0.11816 0.10102 0.08427 0.11788 

Mand 2nd 
Premolar 

0.164 0.09598 0.02232 0.12602 

Mand First 
Molar 

0.34396** 0.12781 0.13353 0.09113 

* p<.05      ** p<.01   ***p<.001 
 

Overall, the general findings of this comparison agree with the conclusions in the 

literature. For all measurements made in our study population men had larger teeth 

compared to women. However, these results differ from those in the literate due to fewer 
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statistically significant differences. In the mesio-distal dimension only the maxillary 

canine, maxillary second premolar, maxillary molar, mandibular lateral incisor, 

mandibular canine, and mandibular first molar were significantly different in size.  

As for the bucco-lingual only the maxillary canine and maxillary second premolar 

displayed significant differences.  

 

5.2 Philadelphia Population Tooth Size Comparison by Race 

This next section explores the tooth size of both Hispanic American (HA) and 

African Americans (AA) in the contemporary Greater Philadelphia population. The table 

below evaluates the mean mesio-distal (MD) tooth sizes, standard deviations, and the 

standard error mean for the contemporary population based on race. In this analysis both 

genders of Hispanic and African Americans were combined for a total race composite. 
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Table 4: Contemporary Philadelphia Population HA and AA Mesial-Distal Measurements (in mm) 

 

The next table shows the mean buccal-lingual (BL) tooth sizes, standard 

deviations, and the standard error mean for the contemporary Greater Philadelphia  

population based on race. Again, as in the prior analysis both genders for Hispanic 

Americans (HA) and African Americans (AA)were combined.  
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 Table 5: Contemporary Philadelphia Population HA and AA Buccal-Lingual Tooth Size (in mm)
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The next table displays an independent t-test evaluation of the differences in tooth 

sizes between Hispanic Americans and African Americans. Both the mesio-distal (MD) 

and the buccal-lingual (BL) measurements are reported. For every comparison made, the 

Levene’s test for equality of variances lead us to select t-tests where equal variances were 

assumed.  

 

Table 6: Differences in Tooth Size for Contemporary Philadelphia Population HA vs AA 

Tooth  MD Mean 
Difference (mm)  

MD Std. Error 
Difference 

(mm) 

BL Mean 
Difference (mm)  

BL Std. Error 
Difference 

(mm) 

Max Central 
Incisor 

0.49901*** 0.10884 0.37007** 0.12927 

Max Lateral 
Incisor 

0.53618*** 0.11368 0.33066* 0.16484 

Max Canine 0.26078* 0.1054 0.64587*** 0.11721 
Max 1st  
Premolar 

0.49871*** 0.09175 0.51834*** 0.0988 

Max 2nd  
Premolar 

0.225 0.15198 0.56209*** 0.10081 

Max First 
Molar 

0.35084** 0.10718 0.53612*** 0.10295 

Mand Central 
Incisor 

0.22995** 0.07406 0.08854 0.10013 

Mand Lateral 
Incisor 

0.20679* 0.08372 0.12286 0.10272 

Mand Canine 0.45493*** 0.10122 0.2688* 0.13532 
Mand 1st  
Premolar 

0.6485*** 0.08539 0.68559*** 0.10498 

Mand 2nd 
Premolar 

.50046 *** 0.08845 0.58708*** 0.11914 

Mand First 
Molar 

.54324 *** 0.1276 0.37086*** 0.08949 

*p<.05     **p<.01     ***p<.001 
 

The overall trend of this comparison shows that African Americans from our 

sample population have larger teeth than Hispanics.  In the mesio-distal dimension all 

African American tooth sizes were statistically significantly larger except for the 
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maxillary second premolars. In the bucco-lingual dimension all African American tooth 

sizes were significantly larger except for the mandibular incisors.   

 

5.3 Philadelphia Population Tooth Size Comparison by Race and Gender 

This section explores the mean mesio-distal (MD) and buccal-lingual (BL) tooth 

sizes, standard deviations, and the standard error mean for the contemporary Greater 

Philadelphia population based on both race and gender. This analysis divided the total 

contemporary population into 4 sub-groups: Hispanic American Males (HAM), 

African American Males (AAM), Hispanic American Females (HAF), and African 

American Females (AAF). These sub-groups were then compared to one another 

based on gender, i.e. the Hispanic males were compared to African American males 

and the Hispanic females were compared to African American females. The next four 

tables explore the group statistics for tooth size for these subgroups. 
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Table 7: Contemporary Philadelphia Population HAM and AAM Mesial-Distal Tooth Size (in mm) 
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Table 8: Contemporary Philadelphia Population HAM and AAM Buccal-Lingual Tooth Size (in mm) 
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Table 9: Contemporary Philadelphia Population HAF and AAF Mesial-Distal Tooth Size (in mm) 
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Table 10: Contemporary Philadelphia Population HAF and AAF Buccal-Lingual Tooth Size (in mm) 

 

The following two tables display an independent t-test evaluation of the 

differences in tooth sizes between contemporary Hispanic Americans and African 

Americans based on gender. Both the mesio-distal (MD) and the buccal-lingual (BL) 

measurements are reported. The first table shows the differences between Hispanic 

American males (HAM) and African American males (AAM).  
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Whereas, the second table shows the differences between Hispanic American females 

(HAF) and African American females (AAF). For every comparison made, the Levene’s 

test for equality of variances lead us to select t-tests where equal variances were assumed.  

 

Table 11: Differences in Tooth Size for the Contemporary Philadelphia Population AAM vs HAM 

Tooth (M-D) MD Mean 
Difference 

(mm) 

MD Standard 
Error Difference 

(mm)  

BL Mean 
Difference 

(mm) 

BL Standard 
Error Difference 

(mm)  

Max Central 
Incisor 

0.42605* 0.16465 0.14674 0.21858 

Max Lateral 
Incisor 

0.50065** 0.17173 0.01873 0.2497 

Max Canine 0.00583 0.1868 0.34576 0.2184 
Max 1st  Premolar 0.38236* 0.1719 0.33732* 0.16793 
Max 2nd  Premolar 0.06703 0.16268 0.31757 16116 
Max First Molar 0.07362 0.15012 0.06051 0.16424 
Mand Central 
Incisor 

0.26402* 0.10997 0.06011 0.15161 

Mand Lateral 
Incisor 

0.29656* 0.13091 0.15198 0.16713 

Mand Canine 0.265 0.17106 0.05283 0.23424 
Mand 1st  Premolar 0.30949* 0.14476 0.30145 0.17529 
Mand 2nd Premolar 0.28341 0.15653 0.45272* 0.20139 
Mand First Molar 0.05286 0.16762 0.08583 0.10935 
*p<.05     **p<.01     ***p<.001  

 

The overall trend of this comparison shows that African American males from our 

sample population have larger teeth than Hispanic American males from the same area 

except for a few exceptions. These exceptions include, larger maxillary canines and 

maxillary first molars mesio-distally and larger maxillary lateral incisors, mandibular 

lateral incisors, and mandibular molars in the buccolingual dimension for Hispanic 

American males. However, none of those differences were statistically significant. 
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In the mesio-distal dimension all African American tooth sizes that are statistically larger 

include both maxillary and mandibular central incisors, lateral incisors, and first 

premolars. In the bucco-lingual dimension all African American tooth sizes that are 

statistically significantly larger are the maxillary first premolars and the mandibular 

second premolars.   

 

Table 12: Differences in Tooth Size for the Contemporary Philadelphia Population AAF vs HAF 

Tooth MD Mean 
Difference 

(mm) 

MD Standard 
Error Difference 

(mm)  

BL Mean 
Difference 

(mm) 

BL Standard 
Error 

Difference 
(mm) 

Max Central Incisor 0.40918* 0.17768 0.48211* 0.18377 
Max Lateral Incisor 0.47658* 0.18568 0.50711* 0.25411 
Max Canine 0.34079* 0.12866 0.70500*** 0.15987 
Max 1st  Premolar 0.42643** 0.12558 0.55363*** 0.14829 
Max 2nd  Premolar 0.21967 0.27144 0.66157*** 0.15519 
Max First Molar 0.52068** 0.16489 0.69474*** 0.15849 
Mand Central 
Incisor 

0.18717 0.11858 0.12882 0.15497 

Mand Lateral 
Incisor 

0.09178 0.12334 0.24545 0.1483 

Mand Canine 0.43899** 0.13139 0.41792* 0.18405 
Mand 1st  Premolar 0.76728*** 0.13446 0.82387*** 0.1621 
Mand 2nd Premolar 0.53007*** 0.13146 0.65997*** 0.17417 
Mand First Molar 0.81705*** 0.2084 0.55266*** 0.13091 
*p<.05     **p<.01     ***p<.001       

 

This comparison between African American females and Hispanic American 

females shows that African American women from the study population have larger teeth 

in all dimensional measurements than Hispanic American women from the same study 

population.  
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In the mesio-distal dimension, African American females displayed statistically larger 

maxillary central incisors, maxillary lateral incisors, maxillary canines maxillary first 

premolars, and maxillary first molars, mandibular canines, mandibular first premolars, 

mandibular second premolars, and mandibular first molars. In the buccolingual 

dimension, African American women demonstrated larger teeth for all teeth in the 

maxillary arch and every tooth in the mandibular arch except the incisors.   

 

5.4 Philadelphia Population Right Side vs Left Side Tooth Size Comparison 

The Table below shows the results of a paired t-test analysis between the right 

side vs. left side tooth size for the entire study population. 

 

Table 13: Comparison Between Right and Left Side for the Contemporary Philadelphia Population  

Tooth MD Mean 
Difference 

(mm) 

MD Standard 
Error Difference 

(mm)  

BL Mean 
Difference 

(mm) 

BL Standard 
Error Difference 

(mm)  

Max Central Incisor 0.04712 0.11094 0.09271 0.12515 
Max Lateral Incisor 0.06034 0.11662 0.06517 0.15749 
Max Canine 0.04119 0.10135 0.07593 0.12338 
Max 1st  Premolar 0.02627 0.09627 0.05475 0.10282 
Max 2nd  Premolar 0.14424 0.14282 0.02068 0.10626 
Max First Molar 0.02712 0.10479 0.05085 0.10718 
Mand Central 
Incisor 

0.02644 0.07316 0.04441 0.09433 

Mand Lateral 
Incisor 

0.01339 0.08061 0.01447 0.09695 

Mand Canine 0.00203 0.103 0.13949 0.12811 
Mand 1st  Premolar 0.05102 0.09901 0.01644 0.11523 
Mand 2nd Premolar 0.01746 0.09478 0.05915 0.12281 
Mand First Molar 0.01898 0.12849 0.02627 0.08968 
*p<.05     **p<.01     ***p<.001  
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When comparing the mean left vs right side tooth size comparisons for the entire 

contemporary Greater Philadelphia population there were no large differences in size. In 

fact, no difference was larger 0.15mm and none were statistically significant.  

 

5.5 Contemporary Philadelphia Population Compared to Caucasian Standard 

5.5.1 Michigan Growth Study Historic Sample 

The two tables below show the mean mesio-distal and buccal-lingual tooth sizes and 

the associated standard deviations of subjects from the Michigan Growth Study, 

conducted by Michigan University’s Department of Orthodontics.  

These samples are the historic dataset used for comparison against our contemporary 

subjects. It is important to note that all subjects from the Michigan Growth Study are 

Caucasian and of European heritage.  
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Table 14: Mesio-Distal Tooth Size from the Michigan Growth Study  

Tooth (M-D) N 
(Male) 

Male 
Mean 
(mm) 

Male SD 
(mm) 

N 
(Female) 

Female 
Mean 
(mm) 

Female SD 
(mm) 

Max Central Incisor 212 8.91 0.59 189 8.67 0.57 
Max Lateral Incisor 201 6.88 0.64 172 6.78 0.64 
Max Canine 152 7.99 0.42 125 7.49 0.36 
Max 1st  Premolar 157 6.76 0.47 122 6.6 0.46 
Max 2nd  Premolar 132 6.67 0.37 99 6.5 0.46 
Max First Molar 216 10.58 0.56 192 10.18 0.58 
Mand Central 
Incisor 

214 5.54 0.32 196 5.46 0.34 

Mand Lateral 
Incisor 

208 6.04 0.37 189 5.92 0.34 

Mand Canine 170 6.96 0.4 148 6.58 0.34 
Mand 1st  Premolar 159 6.89 0.63 134 6.78 0.7 
Mand 2nd Premolar 132 7.22 0.47 100 7.07 0.46 
Mand First Molar 215 10.71 0.6 191 10.29 0.74 

 

Table 15: Buccal-Lingual Tooth Size from the Michigan Growth Study 

Tooth (B-L) N 
(Male) 

Male 
Mean 
(mm) 

Male SD 
(mm) 

N 
(Female) 

Female 
Mean 
(mm) 

Female SD 
(mm) 

Max Central Incisor 210 7.56 0.98 188 6.96 0.84 
Max Lateral Incisor 200 6.52 0.87 172 6.05 0.91 
Max Canine 152 7.71 0.85 125 7.02 1.01 
Max 1st  Premolar 157 9.35 0.61 122 9.09 0.56 
Max 2nd  Premolar 132 9.58 0.52 99 9.17 0.69 
Max First Molar 216 10.88 0.72 194 10.44 0.6 
Mand Central 
Incisor 

214 5.84 0.59 194 5.42 0.57 

Mand Lateral 
Incisor 

208 5.97 0.62 188 5.73 0.62 

Mand Canine 170 6.89 0.79 148 6.49 0.69 
Mand 1st  Premolar 157 7.92 0.47 134 7.66 0.5 
Mand 2nd Premolar 132 8.62 0.45 100 8.38 0.52 
Mand First Molar 215 10.46 0.53 194 10.04 0.57 
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5.5.2 Comparison between Contemporary Philadelphia Population vs 

Historic Sample 

The tables below compare three different subgroups from the contemporary 

Greater Philadelphia population to the historic, Caucasian Michigan Growth Study 

population. All tooth size comparisons were made between like genders. Males and 

females were divided into the following subgroups: Hispanic Americans and African 

Americans combined, Hispanic Americans only, and African Americans only. The 

following four tables display the results of paired t-tests in the form of mean differences 

and confidence intervals for each of these sub-groups when compared to the historic 

sample from Michigan. The first two tables compare the male populations and the second 

two tables compare the female populations. 
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Table 16: Differences in Male Mesio-Distal Tooth Size Between Contemporary Philadelphia Population 

and Michigan Growth Study 

Tooth (M-D) Race (Male) Mean Difference 
(mm)  95% CI of the Difference 

Lower            Upper 

Max Central Incisor 
HA and AA 0.19391* 0.0321 0.3558 
HA only -0.19 -0.389 0.009 
AA only 0.44714*** 0.2544 0.6399 

Max Lateral Incisor 
HA and AA 0.30326** 0.132 0.4746 
HA only -0.08188 -0.3503 0.1866 
AA only 0.52464*** 0.3216 0.7277 

Max Canine 
HA and AA 0.34478*** 0.178 0.5116 
HA only 0.20313 -0.1041 0.5103 
AA only 0.42286** 0.203 0.6427 

Max First Premolar 
HA and AA 0.96826*** 0.8008 1.1357 
HA only 0.57000*** 0.3799 0.7601 
AA only 1.21714*** 1.0067 1.4275 

Max Second Premolar 
HA and AA 0.57957*** 0.431 0.7281 
HA only 0.45688*** 0.2587 0.6551 
AA only 0.67357*** 0.4566 0.8905 

Max First Molar 
HA and AA 0.40370*** 0.2904 0.517 
HA only 0.35188*** 0.215 0.4887 
AA only 0.46000*** 0.2907 0.6293 

Mand Central Incisor 
HA and AA 0.09761 0.0062 0.2014 
HA only -0.07563 -0.2355 0.0842 
AA only 0.23714*** 0.1197 0.3546 

Mand Lateral Incisor 
HA and AA 0.28261*** 0.1538 0.4114 
HA only 0.02938 -0.1264 0.1851 
AA only 0.45536*** 0.2887 0.622 

Mand Canine 
HA and AA 0.51978*** 0.3755 0.6641 
HA only 0.19375* 0.0101 0.3774 
AA only 0.70250*** 0.5166 0.8884 

Mand First Premolar 
HA and AA 0.90761*** 0.7771 1.0381 
HA only 0.62250*** 0.4964 0.7486 
AA only 1.12071*** 0.9662 1.2753 

Mand Second 
Premolar 

HA and AA 0.58609*** 0.4472 0.7249 
HA only 0.32875*** 0.1889 0.4686 
AA only 0.78429*** 0.608 0.9606 

Mand First Molar 
HA and AA 1.13326*** 0.9975 1.269 
HA only 1.00688*** 0.7851 1.2287 
AA only 1.23714*** 1.0569 1.4174 

*p<.05     **p<.01     ***p<.001       
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Table 17: Differences in Male Buccal-Lingual Tooth Size Between Contemporary Philadelphia Population 

and Michigan Growth Study 

Tooth (B-L) Race (Male) Mean Difference (mm)  
95% CI of the Difference 

Lower          Upper 

Max Central Incisor 
HA and AA 0.11739 -0.0827 0.3174 
HA only 0.01 -0.2639 0.2839 
AA only 0.21536 -0.0783 0.509 

Max Lateral Incisor 
HA and AA 0.28152** 0.0727 0.4904 
HA only 0.21125 -0.1735 0.596 
AA only 0.32286* 0.0428 0.6029 

Max Canine 
HA and AA 0.73717*** 0.5342 0.9402 
HA only 0.28438 -0.0664 0.6352 
AA only 0.98321*** 0.7536 1.2128 

Max First Premolar 
HA and AA 0.11283 -0.0525 0.2782 
HA only -0.22625 -0.4934 0.0409 
AA only 0.29857** 0.0963 0.5008 

Max Second Premolar 
HA and AA 0..03304  -0.1163 0.1824 
HA only -0.30125 -0.5865 -0.016 
AA only 0.23393** 0.0824 0.3854 

Max First Molar 
HA and AA 0.25478** 0.112 0.3975 
HA only 0.025 -0.2109 0.2609 
AA only 0.41643*** 0.2412 0.5917 

Mand Central Incisor 
HA and AA 0.56717*** 0.4189 0.7155 
HA only 0.51188** 0.2345 0.7893 
AA only 0.58250*** 0.3874 0.7776 

Mand Lateral Incisor 
HA and AA 0.85313*** 0.7029 1.0033 
HA only 0.874 0.5116 1.2364 
AA only 0.82214*** 0.6657 0.9786 

Mand Canine 
HA and AA 0.60413*** 0.3886 0.8196 
HA only 0.53250** 0.2036 0.8614 
AA only 0.63750*** 0.3223 0.9527 

Mand First Premolar 
HA and AA 0.18913* 0.023 0.3553 
HA only -0.17 -0.4503 0.1103 
AA only 0.41964*** 0.2351 0.6042 

Mand Second Premolar 
HA and AA 0.06913 -0.1209 0.2591 
HA only -0.33438 -0.5462 -0.1225 
AA only 0.27429* 0.0156 0.533 

Mand First Molar 
HA and AA 0.29478*** 0.1686 0.421 
HA only 0.16063* 0.0047 0.3165 
AA only 0.38107*** 0.1936 0.5686 

*p<.05     **p<.01     ***p<.001       
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The results from these male comparisons between the historic Caucasian 

population to the contemporary Greater Philadelphia population yields many statistically 

significant differences. 

• Mesio-distal dimension independent T-test results :  

o Contemporary Hispanic American and African American population 

combination yields significantly larger sizes for teeth, when compared to 

historic Caucasians, except for mandibular incisors.  

o Contemporary Hispanic American population yields significantly larger 

sizes for teeth, when compared to the historic Caucasians, except for 

maxillary and mandibular incisors and maxillary canines.  

o Contemporary African American population yields significantly larger 

sizes for all teeth measured when compared to the historic Caucasians. 

• Bucco-lingual dimension independent T-test results: 

o Contemporary Hispanic American and African American population 

combination yields significantly larger sizes for maxillary: lateral incisors, 

canines, and first molars and all mandibular teeth except for second 

premolars, when compared to the historic Caucasians. 

o Contemporary Hispanic American population yields significantly larger 

sizes for only the mandibular central incisors, mandibular canine, and 

mandibular first molar, when compared to the historic Caucasians. 

o Contemporary African American population yields significantly larger 

sizes for all teeth measured, except for maxillary central incisors, when 

compared to the historic Caucasians. 
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Table 18: Differences in Female Mesio-Distal Tooth Size Between Contemporary Philadelphia Population 

and Michigan Growth Study 

Tooth (M-D) Race (Female)  Mean Difference 
(mm)  95% CI of the Difference 

Lower            Upper 

Max Central Incisor 
HA and AA 0.24639*** 0.0993 0.3935 
HA only -0.03542 -0.1668 0.0959 
AA only 0.38729*** 0.1853 0.5893 

Max Lateral Incisor 
HA and AA 0.30386*** 0.1471 0.4606 
HA only -0.02125 -0.27 0.2275 
AA only 0.47348*** 0.2858 0.6612 

Max Canine 
HA and AA 0.40014*** 0.2905 0.5098 
HA only 0.19333** 0.0859 0.3007 
AA only 0.50354** 0.3542 0.6529 

Max First Premolar 
HA and AA 0.94514*** 0.8319 1.0584 
HA only 0.66833*** 0.4884 0.8483 
AA only 1.08354*** 0.9527 1.2144 

Max Second Premolar 
HA and AA 0.48708*** 0.2761 0.698 
HA only 0.32375*** 0.1812 0.4663 
AA only 0.56875** 0.2586 0.8789 

Max First Molar 
HA and AA 0.41819*** 0.2736 0.5628 
HA only 0.06708 -0.0965 0.2307 
AA only 0.59375 0.4092 0.7783 

Mand Central Incisor 
HA and AA 0.10875* 0.0094 0.2081 
HA only -0.01292 -0.1501 0.1243 
AA only 0.16958* 0.0374 0.3018 

Mand Lateral Incisor 
HA and AA 0.20542*** 0.1061 0.3047 
HA only 0.15292* 0.0132 0.2926 
AA only 0.23167** 0.0973 0.366 

Mand Canine 
HA and AA 0.38486*** 0.2658 0.5039 
HA only 0.08625 -0.049 0.2215 
AA only 0.53417*** 0.3834 0.6849 

Mand First Premolar 
HA and AA 0.89944*** 0.7613 1.0376 
HA only 0.39750*** 0.2182 0.5768 
AA only 1.15042*** 1.0079 1.2929 

Mand Second 
Premolar 

HA and AA 0.57208*** 0.4469 0.6973 
HA only 0.21208** 0.0764 0.3478 
AA only 0.75208*** 0.5987 0.9054 

Mand First Molar 
HA and AA 1.20931*** 1.0248 1.3938 
HA only 0.70125*** 0.4855 0.917 
AA only 1.46333*** 1.2373 1.6894 

*p<.05     **p<.01     ***p<.001       
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Table 19: Differences in Female Buccal-Lingual Tooth Size Between Contemporary Philadelphia 

Population and Michigan Growth Study 

Tooth (B-L) Race (Female) Mean Difference (mm)  
95% CI of the Difference 

Lower          Upper 

Max Central Incisor 
HA and AA 0.54819*** 0.3889 0.7075 
HA only 0.22458* 0.0144 0.4347 
AA only 0.71000*** 0.5062 0.9138 

Max Lateral Incisor 
HA and AA 0.48986*** 0.2713 0.7084 
HA only 0.17333 -0.1678 0.5145 
AA only 0.65500*** 0.3775 0.9325 

Max Canine 
HA and AA 1.12597*** 0.9766 1.2754 
HA only 0.70708*** 0.5113 0.9029 
AA only 1.33542*** 1.1586 1.5122 

Max First Premolar 
HA and AA 0.27972*** 0.1487 0.4107 
HA only -0.06667 -0.277 0.1436 
AA only 0.45292*** 0.3059 0.5999 

Max Second Premolar 
HA and AA 0.20556** 0.0642 0.3469 
HA only -0.18958 -0.3599 0.0193 
AA only 0.40313*** 0.232 0.5742 

Max First Molar 
HA and AA 0.49806*** 0.3507 0.6454 
HA only 0.07125 -0.1137 0.2562 
AA only 0.71146*** 0.5372 0.8858 

Mand Central Incisor 
HA and AA 0.86153*** 0.7405 0.9826 
HA only 0.79083*** 0.5319 1.0498 
AA only 0.89688*** 0.7628 1.0309 

Mand Lateral Incisor 
HA and AA 0.95347*** 0.8284 1.0785 
HA only 0.79292*** 0.5293 1.0566 
AA only 1.03375*** 0.8984 1.1691 

Mand Canine 
HA and AA 0.76417*** 0.6078 0.9205 
HA only 0.50708* 0.2541 0.76 
AA only 0.89271*** 0.6996 1.0858 

Mand First Premolar 
HA and AA 0.36486*** 0.2092 0.5205 
HA only -0.13708 -0.2514 -0.228 
AA only 0.61583*** 0.4245 0.8072 

Mand Second Premolar 
HA and AA 0.28681** 0.1259 0.4477 
HA only -0.09625 -0.282 0.0895 
AA only 0.47833*** 0.2728 0.6838 

Mand First Molar 
HA and AA 0.581258 0.46 0.7025 
HA only 0.26500** 0.1256 0.4044 
AA only 0.73938*** 0.5878 0.8909 

*p<.05     **p<.01     ***p<.001       
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The results from these female comparisons between the historic Caucasian 

population to that of the contemporary Greater Philadelphia population yields many 

statistically significant differences. 

• Mesio-distal dimension independent T-test results:  

o Contemporary Hispanic American and African American population 

combination yields significantly larger sizes for all teeth, when compared 

to historic Caucasians. 

o Contemporary Hispanic American population yields significantly larger 

sizes for teeth, when compared to the historic Caucasians, except for 

maxillary incisors, maxillary first molars, mandibular central incisors and 

mandibular canines. 

o Contemporary African American population yields significantly larger 

sizes for all teeth measured when compared to the historic Caucasians, 

except for maxillary first molars. 

• Bucco-lingual dimension independent T-test results: 

o Contemporary Hispanic American and African American population 

combination yields significantly larger sizes for all teeth, when compared 

to the historic Caucasians, except for mandibular first molars. 

o Contemporary Hispanic American population yields significantly larger 

sizes for maxillary central incisors and maxillary canines and mandibular 

first and second premolars, when compared to the historic Caucasians. 

o Contemporary African American population yielded significantly larger 

sizes for all teeth measured when compared to the historic Caucasians. 
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CHAPTER 6 

DISCUSSION 

6.1 Importance of the Study 

In orthodontics the most accurate prediction for proper end occlusion is made 

from actual tooth size measurements which determine the extent of crowding or spacing 

in the dental arches. A proper relationship of the total mesio-distal and buccal-lingual 

width of the maxillary dentition to the mesio-distal and buccal-lingual width of the 

mandibular dentition will tend to produce an ideal post treatment occlusion. Significant 

tooth size discrepancies between the maxillary arch and the mandibular arch can inhibit 

ideal coordination of the arches with proper interdigitation, overjet, and overbite. 

Methods for predicting the mesio-distal crown size of non-erupted permanent teeth in the 

mixed dentition, in order to diagnose possible crowding or discrepancies are commonly 

used but based on limited, non-generalizable populations. The use of these mixed 

dentition prediction equations may be inappropriate in differing patient populations if the 

mesio-distal crown dimensions are not similar.  

The results of this study provide orthodontists with standards for the buccal-

lingual and mesial-distal crown sizes of the maxillary and mandibular dentition for 

Hispanic and African America residents of the Greater Philadelphia. The results also 

allowed for a direct comparison of the dentition of this population to the normative values 

of Caucasian dentition. This study establishes a systematic method for future orthodontic 

residents at Temple University to continue growing the patient population dataset. This 

will allow for evaluation of diagnostic and predictive equations and their accuracy as they 

relate to this Greater Philadelphia population.  
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Furthermore, the data attained in this study can assist with future tooth-size predictions 

and improve diagnostic treatment planning models, by providing individual, permanent 

tooth dimensions for this patient population. 

 

6.2 Significant Findings 

In the field of orthodontics common assumptions for tooth crown size have been 

made, devoid of in-depth sampling or analysis of local populations. Therefore, it was 

unknown whether the common assumptions about tooth sizes were accurate for Hispanics 

and African Americans in the Greater Philadelphia population. The results from our 

investigation allow for a direct comparison of the dentition of African Americans and 

Hispanic Americans in the Greater Philadelphia area to each other and to that of a historic 

Caucasian population gathered from The Michigan Growth Study in Ann Arbor 

Michigan, conducted from the 1950s-1970s.   

Many past studies examining tooth size, such as those conducted by Uysal and 

Sari in 2005, Lavelle in 1972, Moorrees in 1957, and may others, have reported a sexual 

dimorphism in tooth size with significantly larger detention for males compared to 

females. The results from our Independent T-test between males and females in the 

contemporary Greater Philadelphia population are in consistent with the findings in the 

literature. This study found men’s teeth were larger for all tooth dimensions measured 

and a total of twelve measured teeth were significantly larger.  

Evaluating the results between right and left sides for our study population 

revealed no significant differences, in tooth size. This finding is consistent with findings 

in the literature.  
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The Michigan Growth study, conducted by Moyers et. al, reported no significant 

differences in and even that none of the contralateral teeth different in size by more than 

0.1 mm, which is very similar to the results found in this investigation.  

The results from paired T-tests between Hispanic Americans and African 

Americans in the contemporary study population showed the presence of significant 

differences between the majority of teeth and a general trend that the African American 

dentition is larger than the Hispanic American detention. In fact, an independent T-test 

reveals that all twenty-four teeth examined are significantly larger in the overall African 

American population compared to the overall Hispanic American population. This trend 

is consistent when gender is also factored into the analysis. As an additional T-test 

revealed that fourteen of the twenty-four measured teeth were significantly larger in the 

African American male population as compared to the Hispanic male population as well 

as twenty of the twenty-four teeth measured between the female African American and 

Hispanic American populations 

This trend remains true when the contemporary Greater Philadelphia population is 

compared to the historic Caucasian population from the Michigan Growth Study. When 

our combined contemporary male population, consisting of both races, was compared to 

the historic Caucasian male population statistical differences in tooth size was evident for 

all twenty-four teeth examined, with the contemporary population displaying larger 

overall dentition.  The same result was found when our combined contemporary female 

population, consisting of both races, was compared to the historic female population.  
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When the contemporary Hispanic male population was compared to the historic 

Caucasian male population the results showed a statistical difference in tooth size for 

sixteen of the twenty-four teeth. The contemporary Hispanic female population showed 

even greater difference related to the historic females with a total of twenty teeth being 

statistically larger. When both male and female contemporary African Americans were 

compared to their respective historic genders, we found the modern population had 

significantly larger teeth for all teeth examined.  

This trend is consistent with supplementary findings in the literature; including a 

study conducted by Fernandes et al. (2013) who evaluated the tooth sizes between 

Caucasians with Brazilian heritage, Japanese citizens, and Africans. Their results 

demonstrated that the African study population had significantly larger tooth size 

compared to the other populations. 

The significant differences of these findings suggest that the arch length 

predication equation developed by Moyers may not apply to the Hispanic and African 

American patient population at Temple University Dental School. This is because 

Moyers developed his prediction equation using the tooth size samples from The 

Michigan Growth study “Standards of Occlusal Development”. When we compare our 

contemporary population to the historic population used by Moyers we found key 

significant differences in the size of permeant canines and premolars.  

Contemporary Hispanic men compared to the historic sample have significantly 

larger dentition mesio-distally: maxillary canines +0.2mm, first premolars +0.57mm and 

second premolars +0.46mm and mandibular canines +0.19, first premolars +0.62, and 

second premolars +0.33mm.  
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These findings are even greater for African American men: maxillary canines +0.42mm, 

first premolars +1.22mm and second premolars +0.67mm and mandibular canines 

+0.70mm, first premolars +1.12mm, and second premolars +0.78mm. This trend 

continues when we compare the contemporary females to their historic counterparts. In 

fact, the difference between Hispanic women and contemporary samples are: maxillary 

canines +0.19mm, first premolars +0.67mm and second premolars +0.32mm and 

mandibular canines +0.08, first premolars +0.40, and second premolars +0.21mm. As in 

males, these findings are even greater for African American women: maxillary canines 

+0.50mm, first premolars +1.08mm and second premolars +0.57mm and mandibular 

canines +0.53, first premolars +1.15mm, and second premolars +0.75mm. These 

significant differences in tooth size invalidate the use of Moyers mixed dentition analysis 

for arch space predictions in contemporary Hispanics and African Americans from the 

Greater Philadelphia area. 

The overall results of this examination reveal males have larger teeth than 

females, and contemporary African Americans have larger teeth than contemporary 

Hispanic Americans, who in turn have larger teeth that historic Caucasians from the 

1950s-1970s. These differences in size were not only statistically significant but are also 

clinically significant as the differences in size can range from 0.5mm to being well over 

1mm. Considering this is cumulative difference in tooth throughout both dental arches 

these size differences can lead to widely different arch space considerations and 

orthodontic treatment plans between these different racial groups. These findings indicate 

that more extensive research should be done on local populations in the United States.  
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Ideally every major metropolitan area should have their dental norms evaluated to allow 

researchers to map geographic similarities and differences in dental findings and give 

orthodontist location specific information to further aid in patient diagnosis and treatment 

planning 

 

6.3 Limitations 

Since the nature of this study was that it was an exploratory pilot study one 

weakness in this examination is the sample size. While our sample size meets the size 

obtained in a few previous studies, a larger sample would strengthen the results and more 

accurately represent the Hispanic and African American population of the Greater 

Philadelphia area. Another weakness in this study is that we did not evalute intra-rater or 

inter-rater reliably error. This was due to both the nature of the study, being a pilot 

examination, and the loss of access to the dental school due to the corona virus. Another 

weakness can be attributed to the diversity of residents and assistants taking digital 

impression at Temple’s orthodontic clinic. The most ideal scenario would be intraoral 

scans taken by one clinician. 

 

6.4 Future Studies 

This was a pilot study so only a limited population sample was used. The primary 

goal of future investigations should be to continue expanding this population dataset, 

using the methodology described in this study. Subsequent investigations should evaluate 

if there is a link between this patient population’s increase in tooth size and an increased 

tendency for crowding, occlusal issues with overbite, overjet, or lack of intercuspation. 
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Future investigators should compare the transition from mixed dentition to adult dentition 

in this population to verify if current predication equations are truly relevant. Another 

treatment factor future research can delve into is whether this increase in tooth size, 

compared to Caucasians, lead to an increase in the incidence of bimaxillary dental 

alveolar protrusion and the need for extractions during orthodontic treatment or if 

differences in dental arch form, length, width, and depth between these populations 

prevent these issues? One final aspect future studies that build off this pilot investigation 

should explore is the contemporary Caucasian Greater Philadelphia population. 

Examination of this group’s tooth size is crucial to rule out the possibility that this 

increase in tooth size is merely a secular trend 

 

 

 

 

 

 

 

 

 

 

 

 



63 
 

CONCLUSIONS 

Novel mesio-distal and bucco-lingual tooth size data was established for 

contemporary Hispanic Americans and African Americans living in the Greater 

Philadelphia area, PA. This information can aid in diagnosis and treatment planning due 

to a more personalized data established for these unique patient populations. Males have 

larger teeth than females across all three races examined. The contemporary African 

Americans had the largest teeth, followed by the contemporary Hispanic Americans, and 

lastly the historic Caucasians who had the smallest recorded dentition. There were no 

significant difference in right side vs left side tooth size in the contemporary Philadelphia 

population 
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