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A Review on Comparison of Tooth Size Discrepancies
among Angle’s Class I, II, and III Malocclusion: Is There a
Significance?
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A b s t r ac t
Aim: The contemporary article aims to review and compare various literatures concerning different conclusions regarding the correlation
between tooth size discrepancy (TSD) and Angle’s malocclusion groups.
Background: Acquiring the ideal occlusion plays one of the major roles while designing the treatment plan for an orthodontic patient, any
alterations in the individual tooth sizes are called TSD and will hinder this prime requirement. By determining the correct tooth size ratio, it
further helps in acquiring the accurate interdigitation, balanced occlusion, and also predicting the orthodontic treatment results. Various
investigations were carried out to know the correlation between tooth size discrepancies and different malocclusion groups, of which, a few
reported a statistically significant difference whereas others reported no significant difference.
Review results: A computerized database quest was operated utilizing the Medline database (Pubmed/Medline) for original research and
review articles. Publications between 1946 and 2018 were included. Four hundred twenty-one articles were recovered from database search
and, among them, 66 articles were selected to review the full-article.
Conclusion: Although a comparison was done between the tooth-size ratios and malocclusion groups (classes I, II, and III), many investigators
noted no significant difference but there is an inadequacy in the data particularly related to subgroups of Angle’s classification of malocclusion
among these investigations; therefore, further studies are required to interpret this correlation.
Clinical significance: As there is high incidence of tooth size discrepancies noted in the previous literature orthodontist, Bolton’s analysis
regardless of malocclusion group, sex, and ethnicity is highly recommended.
Keywords: Angle class I, Angle class II, Angle class III, Malocclusion, Mandible, Maxilla, Orthodontics.
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Introduction
Tooth size widths may vary in different groups of malocclusion as
a result interfering in designing the accurate treatment plan and
acquiring the best treatment results. This article aims to review
and compare various literatures concerning different conclusions
regarding the correlation between TSD and Angle’s malocclusion
groups. An extensive diagnosis, treatment strategy, and analyzing
the data accurately are the prime requirements for obtaining the
best treatment results, which are functionally and esthetically
desirable at the termination of the orthodontic treatment. Among
various factors that play an important role in acquiring successful
treatment results, one of the prime factors is individual tooth sizes.
Achievement of balanced occlusion, interdigitation, and forecasting
the treatment results can be done by identifying the tooth size
ratios.1Asymmetry among the sizes of respective teeth can be
defined as TSD. The first person to correctly examine the mesiodistal
widths of the teeth was Black.2In 1958, Bolton3proposed the firstrate investigation of TSD for correction of malocclusion. In 1972,
the six keys of occlusion were first proposed by Andrews in his
study conducted among nonorthodontic patients. It was later that
McLaughlin et al.4joined equitable tooth size as the seventh key. In
the concluding phase of orthodontic treatment, it is important to
achieve the correct occlusal interdigitation for which appropriate
maxillary and the mandibular mesiodistal tooth-size relationship
is of utmost importance. The inter-relationship between tooth size
discrepancies and various malocclusion groups was investigated by
many studies, of which, a few proclaimed no significance and a few

1–5

Department of Orthodontics, The Stomatological Hospital of

Jiangsu Province affiliated to Nanjing Medical University, Jiangsu Key
Laboratory of Oral Diseases, Nanjing, China
Corresponding Author: Lin Wang, Department of Orthodontics, The
Stomatological Hospital of Jiangsu Province affiliated to Nanjing
Medical University, Jiangsu Key Laboratory of Oral Diseases, Nanjing,
China, Phone: +86-025-85031885, e-mail: lw603@njmu.edu.cn
How to cite this article: Jabri MA, Wu S, et al.A Review on Comparison of
Tooth Size Discrepancies among Angle’s Class I, II, and III Malocclusion:
Is There a Significance? J Contemp Dent Pract 2019;20(8):994–999.
Source of support:The Priority Academic Program Development of
Jiangsu Higher Education Institutions (PAPD-2018-87) and The Jiangsu
Provincial Key Medical Discipline (ZDXKA2016026).
Conflict of interest: None

proclaimed significance.5,6 According tofew investigators, ethnicity
also plays a role in the variation of tooth-size ratios. Reports of
the previous studies reveal that individuals of Caucasian ethnic
background have smaller teeth compared to African individuals.25
And, a few other studies reported that Bolton’s value is not relevant
to Japanese or Turkish population.7,8 The objective of the present
study is to review the literature in relation to the correlation
between tooth size discrepancies and Angle’s malocclusion.

S e a r c h S t r at e g y
To analyze and systemize applicable data related to tooth-size
discrepancies observed in various Angle’s malocclusion groups, a
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computerized database quest was operated utilizing the Medline
database (Pubmed/Medline) for original research and review
articles. Publications between 1946 and 2018 were included.
The terms included in search were “tooth-size discrepancies” in
conjugation with “Bolton’s analysis,” “Angle’s malocclusion,” “Class
I, II, and III malocclusion,” “Orthodontic treatment,” and “diagnosis.”
Four hundred twenty-one articles were recovered from database
search and, among them, 66 articles were selected to review the fullarticle and data from 40 articles of 66 articles were compiled in the
review. The inclusion criteria were to retrieve full-text pdf on articles
based on original research, systematic reviews, and literature
reviews on comparison between TSD and various malocclusion
groups, whereas the exclusion criteria were not to retrieve articles
based on the case studies and short communications.
To select the full articles from abstracts, inclusion criteria
were designed such as the subjects had to be patients seeking
orthodontic treatment, patients with Angle’s class I, II, and
III malocclusion, growing patients, without any pathologic
alterations in tooth morphology, eruption of dentition in oral
cavity, and human-controlled clinical trials. Exclusion criteria were
subjects with normal occlusion, subjects with subclass of Angle’s
malocclusion group, subjects with congenital absences of dentition
or other tooth anomalies. The articles with no abstract available
but proposed an accord to the objectives of contemporary review
were also selected to evaluate the full text. Further applicable
publications were also hand searched among the reference list of
retrieved articles that could have been unnoticed in the database.
Two reviewers independently reviewed the contemporary literature
review.

W h at

is

T o ot h - s i z e D i s c r e pa n c y ?

To achieve proper diagnosis and to design a successful treatment
plan for an orthodontic patient, the ratio of maxillary and
mandibular tooth-sizes plays an important role. In a previous
literature, the emphasis on tooth-size discrepancy has been
extensively noted and recognized by orthodontists as a significant
diagnostic element for relating maxillary and mandibular arches.
Whether the treatment plan demands the extraction of teeth or
not can be judged by analyzing tooth-size discrepancies before
the commencement of orthodontic treatment.9Principally, the
mesiodistal width of the tooth is termed as the tooth size. It is not
proper to achieve proper occlusion if there is a single or multiple
tooth-size discrepancies along the arch.10 Following Black’s
investigation of tooth width, various other authors attempted to
inspect tooth widths like Neff11and Lundstrom.12But Bolton’s3
work was utmost accepted. According to his reports, 29% of the
patients showed tooth-size discrepancies greater than ±1SD in his
exclusive clinic and Richardson and Malhotra37revealed analogous
discrepancies among 33.7% patients in their reports. According to
Crossby and Alexander,5tooth-size discrepancies must be greater
than ±2SD to affect orthodontic treatment and 22.9% of patients’
anterior ratios were significantly diverted from the mean of Bolton’s
analysis in their study. The investigation of Crossby and Alexander
was further fortified by other investigators by finding discrepancy
greater than ±2SD in 28% of the Dominican population.13In Bolton’s
investigation, he selected a small, homogenous, and untreated
group which included 55 participants with the finest occlusion but
only females, out of which, there were 44 orthodontically treated
cases without extractions and untreated cases were 11. “Bolton’s
overall ratio” was estimated as the ratio of aggregated mesiodistal

widths of 12 mandibular teeth to 12 maxillary teeth. By performing
the comparison of aggregated mesiodistal widths, six mandibular
anterior teeth to six maxillary posterior teeth, “Bolton’s anterior
ratio” was calculated. So, for achieving the maximum intercuspation
between maxillary and mandibular dentition, an overall ratio of
91.3 and the anterior ratio of 77.2 were needed as determined by
Bolton’s.3For the estimation of the esthetic and functional result
of treatment, Bolton’s overall ratio and the anterior ratio can be
utilized.
Bolton’s overall ratio was calculated by utilizing the subsequent
formula.

For overall ratio = 91.3% the SD is 1.91%.
If the ratio is lesser than 91.3%, it indicates maxillary tooth
material excess and can be calculated by the following formula:

If the ratio is greater than 91.3%, it indicates mandibular tooth
material excess and can be calculated by the following formula

Bolton’s anterior ratio was calculated by utilizing the subsequent
formula.

For anterior ratio = 77.2% the SD is 1.65%.
If the ratio is lesser than 77.2%, it indicates maxillary anterior
tooth material excess that can be calculated as

If the ratio is greater than 77.2%, it indicates mandibular anterior
tooth material excess that can be calculated as

Although Bolton’s anterior ratio and the overall ratio are being
highly utilized in contemporary orthodontics, it also has many
limitations such as it neglects the consequence of incisors thickness,
tip of incisors, interincisor angle, overjet, and overbite on the
correlation in between the respective teeth.13

W h at

is

A n g l e ’ s M a lo cc lu s i o n ?

Both maxillary and mandibular dental arches are the fundamental
units of the masticatory complex. Any discrepancy in the
relationship between maxillary and mandibular dental arches is
called as malocclusion and is of prime concern to both clinical and
biological aspects.14,15 Consequently, for appropriate action to
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take place in articulation, mastication, and respiration, the proper
spatial adjustment of dental arches plays an important role.16,
17
It is believed that environmental and/or genetic factors cause
malocclusions which in turn promotes aberrant contact between
the units of the facial complex such as hard and soft tissues.18
To investigate and understand the vast array observed between
the dental arches, there is a broad frame of literature addressing
malocclusion.19– 22
 Various orthodontist have promoted methods of
classification, among them, the Angle23method is by far the most
widely accepted and commonly used classification to clinically
explain the relationship between maxillary and mandibular teeth in
occlusion which was developed a century ago. In his investigation,
he stated that when the teeth are in occlusion, on the bases
of anterioposterior (mesiodistal) relationship of maxillary and
mandibular lower first permanent molars, three categories could be
precisely designated to the jaws and dental arches. His data included
school children of St. Louis, Missouri, and were 1,000 in number;
according to his investigation, all children who were included in his
study exhibited malocclusion and grouped them according to the
malocclusion classification. Among the 1,000 school children, 692
were categorized into the class I group, 40 werecategorized into
the class II division 1 group, 34 were categorized into the class II
division 1 subdivision (unilateral) group, 42 were categorized into
the class II division 2 group, 100 were categorized into the class II
division 2 subdivision group, 34 were categorized into the class III
group, and 8 were categorized into the class III subdivision group.
If maxilla and mandible exhibit proper anterioposterior
relationship, it is defined as class I normal occlusion with the
alignment of teeth over the occlusion line in a trajectory curve in
which there is a 2 mm overlap in horizontal and vertical planes
of upper incisors on lower incisors. According to Proffit,24class I
normal occlusion is present in 30% of the US population. If there is
an improper position of the individual particular teeth along the
occlusion line, it is termed as class I malocclusion and it exists in
50–50% of the US population. Nevertheless, the maxilla–mandibular
relationship is alike as normal occlusion. If the facial profile is convex
and anterioposterior overlap of maxillary anterior incisors is more
than 2 mm, it is noted as class II malocclusion and it is found in
15% of the US population. Lastly, if the facial profile is concave and
mandibular teeth are positioned forward when compared with
maxillary teeth, it is termed as class III malocclusion and it affects 1%
of the US population. It becomes more difficult for a clinician to carry
out the treatment plan further if there is a coexistence of intra-arch
or inter-arch irregularities in these malocclusion types (Table 1).24

Review

L i t e r at u r e o n t h e C o r r e l at i o n
b e t w e e n T o ot h S i z e D i s c r e pa n c i e s a n d
A n g l e ’ s C l a s s I, II, a n d III M a lo cc lu s i o n
of

TSD ratio can be used to obtain an understanding of the aesthetic
and functional outcome of a particular case without utilizing the
diagnostic setup. The most commonly used method for predicting
the inter-arch TSD is Bolton’s analysis because of its accuracy, ease,
and requires lesser time to record the measurements. To state the
difference in tooth sizes among the different sexes, racial and ethnic
groups have been pursued by many studies but the difference
between discrete occlusion class and difference among genders
are two main categories which are most enlightening.25,26
 It has
been reported in different literatures that sex differences can be
clinically relevant. Deciduous dentition shows lesser sex difference
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Table 1: List of studies which shows a statistically significant difference
in correlation between the TSD and various malocclusion groups in
different population
Study
Araujo9
Fattahi38
Nie43
Ta1

Population
Brazilian
Iranian
Chinese
Southern Chinese

Significant difference
Yesa
Yesb
Yesc
Yesd

a

The significantly greater prevalence of TSD was observed in subjects with
classes I and III than with class II
b
A statistically significant difference was found only for the mean anterior
ratio but not for the overall ratio
c
The results revealed the significant difference for both anterior and overall
ratio showing that class III > class I > class II
d
Class III occlusion group showed statistically significant difference with
the Bolton standard for anterior ratio, statistically significant difference
wasfound between classes II and III occlusion groups and between the Bolton standard and the class II occlusion group for the overall ratio

when compared with permanent dentition as reported by Seipel.27
Usually, women’s teeth are identified smaller than men’s teeth.
The maxillary lateral incisors and mandibular central incisors are
almost homologous.28,29Whereas, the greatest sex difference is
identified among maxillary central incisors and canines in both
permanent and deciduous dentitions. 30,31In between maxillary
and mandibular anterior teeth tooth-size proportions, there is an
inadequate compliance regarding sex differences.9,26
 ,37
 ,41
  According
to the study carried out by Samseshima,32no significant difference
was noted among ethnic groups or sexes in subjects exhibiting
greater than 2SD, but the overall tooth-size ratio of Asians and
Hispanics was significantly smaller than Africans. According to
Bolton,3in his study, there are no recorded data describing the
other racial and ethnic groups because his study is only based
on the heterogeneous Caucasian sample. According to studies
of Smith et al.25and Lavelle,26it was recorded that various ethnic
and racial groups show the difference in TSD. In Lavelle’s26 study,
the different racial and ethnic groups included to investigate
tooth-size ratio were Caucasian, Mongoloid, and Blacks and there
was a noted significant difference among Blacks and Mongoloid
although, the Mongoloid race had the intermediate overall and
anterior ratio when compared to the Black race which had the
highest followed by the Caucasian race. The difference in tooth
size among males and females was investigated by Richardson and
Malhotra37in a sample of North American population and stated
that tooth sizes of males were larger than tooth sizes of females for
every tooth in the maxillary and the mandibular arch. According to
the investigation done by Smith et al.,25Bolton’s ratio was smaller
for females than males. Among the various malocclusion groups,
the standard deviations of Bolton’s were lesser than the standard
deviations of intermaxillary tooth size ratios, even if intermaxillary
tooth size ratios were proportionate to Bolton’s means as noted by
Crossby and Alexander,5their study contained subjects which were
orthodontically treated patients of various malocclusion groups
(class I and II division 2 and class III surgically treated). Currently,
a correlation between malocclusion groups and tooth-size
discrepancies was noted. In an investigation carried out by Lavelle,26
it was reported that subjects for anterior tooth sizes revealed
inclinations for patients with Angle class I and II malocclusion to
have larger maxillary teeth when compared with patients having
Angle class III malocclusion. According to his study, mandibular
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teeth was comparatively smaller in class I and II subjects than class
III subjects, with the conflict that class III subjects revealed greater
Bolton’s discrepancy compared to other malocclusion groups.
According to a study which investigated the prevalence toothsize discrepancy among malocclusion groups by Sperry et al. 33
revealed that class I and II subjects showed lesser mandibular
tooth-size excess compared to than did the class III subjects. No
significant difference was noted for tooth-size discrepancies among
malocclusion groups and a normal occlusion group by Xia and
Wu,34whereas another study carried out by Qiong and Jiuxiang35
recorded a propensity regarding Bolton’s discrepancy class II and
III malocclusion subjects when they compare five malocclusion
groups that recorded no statistical significant difference among
the groups. Cua-Benward et al.36investigated the predominance
of missing teeth in different malocclusion groups and noted a
higher predominance of maxillary tooth malformations in the
class III and II malocclusion groups had more mandibular tooth
deformities. Concordance to the study carried out by Fattahi et al.,38
the overall ratio of the whole sample revealed no significant
difference statistically but the mean anterior ratio (79.01) showed
the significant difference when compared to Bolton’s (77.20). There
was no statistically significant difference among Angle’s class I, II,
and III malocclusion groups on comparing the anterior and overall
Bolton’s ratio in the investigation reported by Lopatiene. 39 Also,
a study carried out by Toshiya et al.40disclosed that overall and
anterior ratios among various malocclusion group had no significant
difference. An investigation was done in 2006 by Al Khateeb and
Abu Alhaija41revealed that Bolton’s ratio showed no significant
difference among various malocclusion groups. The mean anterior
ratio of class II (p < 0.01) cases was found to be significantly greater
as reported by Batool et al.42in his report. In a study carried out in
the Chinese population by Nie and Lin,43the malocclusion groups
in which the mean value of class II group was lower than class I and
III groups (class II < class I < class III) had a significant difference in
tooth-size ratios. There was a study conducted among the Saudi
population by Hashim and Murshid44in which subjects were taken
within the age range of 13–20 years who had different types of
malocclusion and the intermaxillary tooth-size ratio was measured,
the results revealed no significant difference when Bolton’s mean
was compared with the mean of anterior and overall tooth-size ratio.
There was no significant difference in the results of a study done by
Basaran et al.45on pre-treatment models of patients without any
malocclusion and also he had done a comparison investigation
between different malocclusion groups and revealed that there
was no significant difference.
In the study carried out by Uysal et al.,46various malocclusion
groups were included like Angle’s class I group, class II division
1 group, class II division 2 group, and class III group; his prime motive
was to investigate the difference between tooth-size ratios of male
and female individuals for overall and anterior ratios and then he
found that there is a significant sex difference in individuals with
normal occlusion (p < 0.001) in the overall ratio but not anterior
ratio and different malocclusion groups showed no statistically
significant difference. According to a study done on Yemani
population among different malocclusion groups, the mesiodistal
tooth widths between right and left sides revealed no statistically
significant difference. A few studies also reported the same results
but done on different populations like Saudis by Murshid and
Hashim47and Jordaniansby Hattab et al.48But the aforementioned
conclusion does not support the investigation which revealed that

there is a significant difference in tooth-size ratios between right
and left sides.49In a study done by Ghose and Baghdady,50 data
fromthree groups collected from the regions of Arabian Peninsula
and tooth size of Yemenis, Bedouins and Iraqis were compared and
they found that there is a significant increase in tooth size width
from south to north Iraqis who had the largest tooth size, followed
by Bedouins and Iraqis. Assessment of correlation amongclass I,
II, III, and TSD in the anterior region among 300 Brazilian patients
was investigated by Araujo and Souki9and their results revealed
that patients with the class II malocclusion group exhibited a
lower tendency of TSD in the anterior region when compared with
patients with class I and III malocclusion groups. In another study
done with 711 Brazilian patients, all the Angle’s malocclusion groups
like class I, class II, and class III showed no statistically significant
difference in both overall and anterior ratios.51A few investigators
assessed the possible correlation between the three arch forms
(square, ovoid, and tapered) and tooth-size discrepancy in the
Saudi population, the results revealed no association between the
Bolton discrepancy and the arch form.52Finally, it is essential to
consider that besides other important components such as skeletal
component, soft tissue component, and other dental and skeletal
evaluation factors of orthodontic treatment planning system, toothsize discrepancies evaluation is only an element of this system.
Tooth-size discrepancies should be analyzed and focused at the
same time when considering the other treatment problems. The
ultimate treatment plan and results are best analyzed as essential
parts, not the specific components in particular (Table 2).

C o n c lu s i o n
On comparison of tooth-size ratios as a function of sex and
ethnic groups, many investigations have been listed in the dental
literature but most of them found no significant difference.
Although a comparison was done between the tooth-size ratios
and malocclusion groups (class I, II, and III), many investigators
noted no significant difference but there is an inadequacy in the
data particularly related to subgroups of Angle’s classification of
malocclusion among these investigations; therefore, further studies
Table 2: List of studies which shows no statistically significant difference
in correlation between the TSD and various malocclusion groups in
different population
Study
Alkyalçin53
Al-Khateeb41
Crossby5
Uysal46
Basaran45
John54

Population significant
Turkish
Jordanian
American
Turkish
Turkish
3 groupsf

Difference
Noa
Nob
Noc
Nod
Noe
No

a
The mean values for Bolton’s overall and anterior ratios between malocclusion groups and sexes revealed no statistically significant difference
b
Among the different malocclusion groups, no statistically significant

difference was revealed
c
There was no statistically significant difference acquired in results on
comparing the different malocclusion groups and tooth size discrepancies
d
Among the different malocclusion groups, there was a statistically

significant difference found
e
No significant difference was found for overall and anterior ratios between
the various malocclusion groups
f
The study was conducted on subjects from three different ethnic

backgrounds such as Caucasians, Hispanics, and African–Americans
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are required to interpret this correlation. Therefore, the orthodontist
should be receptive of this high incidence of discrepancies while
diagnosing and designing the treatment plant for the patients
looking for the orthodontic treatment. Hence, routinely performing
Bolton’s analysis regardless of the malocclusion group, sex, and
ethnicity is highly recommended.
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