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ABSTRACT

Purpose

Current technology is capable of manipulating and analyzing the dentition digitally, in all
three planes of space. Our goal is to use 3D technology to help identify barriers to ideal
occlusion in the posterior dentition that may have been previously overlooked.
Materials and Methods

50 pre-treatment models (30 male, 20 female, mean age= 15.9+2.8 years) were scanned
using a TRIOS ® 3Shape scanner. The models were digitized, and the posterior dentition was
manipulated into ideal cusp-fossa relationships, using Ortho Analyzer™ software, following a
seven-step manipulation protocol. The protocol was based on achieving Andrew’s Six Keys to
Ideal Occlusion® as well as a large number of ideal occlusal contacts. After manipulation was
complete, all overlaps >0.05 mm or spacing between interdental contacts were recorded as a
discrepancy. The sum of the absolute value of all discrepancies was recorded as the total
discrepancy on each side. The left and right sides were compared using a Wilcoxon signed ranks

test.

Results

In the 50 models evaluated, 62 discrepancies were detected. Approximately 5% of the
discrepancies detected were at the canine- 1% premolar contact, 3% of discrepancies were located
between at the 1% and 2™ premolar contact, 84% were at the 2™ premolar- 15 molar contact and
8% of the discrepancies were between the 1% and 2™ molar contact. The 2™ premolar -1 molar
contacts, which showed the highest prevalence of contact discrepancies, showed median

discrepancies of 0.5 and 0.4 mm on the left and right sides, respectively. Over half of the sides



evaluated had a discrepancy at this contact point. In terms of subjects, 64% of individuals had at
least one side with a discrepancy at this contact point.

Concerning total discrepancies, approximately 50% on the left and right sides were
greater than 0.56 mm and 0.47 mm, respectively. Approximately 46% of sides had no total
discrepancy. 25% of sides had total discrepancies that were >0.05 mm but <0.5 mm, 19% of
sides had total discrepancies >0.5 mm but <0.75 mm, 6% of sides had total discrepancies >0.75
mm but <1 mm, and 4% of sides had total discrepancies >1 mm. 29% of the sides evaluated had
a total discrepancy >0.5 mm. When considering subjects instead of sides, 44% individuals had at
least one side with a total discrepancy >0.5 mm. There were no differences between sides at any
contact (P>0.09).

Conclusions

Discrepancies in the posterior dentition are not uncommon, with approximately 6% of
posterior contacts, 29% of sides, and 44% of individuals having clinically significant
discrepancies (discrepancies greater >0.5 mm).

The maxillary 2" premolar- maxillary 15 molar contact may be a common contributor to
occlusal discrepancies.

Evaluating the cusp tip of the maxillary 2nd premolar relative to its embrasure may provide
insight to the possibility of a class I canine position. In 92% of the posterior dentitions evaluated,
if the Maxillary 2™ Premolar was placed appropriately according to the manipulation protocol,
the remaining premolars and canines were able to class I cusp-fossa relationship without any
interferences.

The utilization of 3D technology may help the clinician as a diagnostic aid and yield insight

into potential barriers to ideal occlusal results.



ACKNOWLEDGEMENTS

I would like to thank my committee members, Drs. Buschang, Tadlock, and
Schneiderman. Your collective wisdom and guidance have not only made me a better
academician and clinician, but a better man as well. None of this would have been possible

without you.

I would also like to thank my coresidents. For all the memories and laughs. For all the
highs and lows that we experienced together. Thank you for going through this journey with me.
I am so blessed to have met you all, and so very thankful for your continued friendships and

camaraderie.

Lastly, to my family, the Savages, thank you for your love and support. I owe so much to
you all. Thank you for raising me in a loving home with a passion for Christ at its core. I am so

very proud to be a Savage.



CONTRIBUTORS AND FUNDING SOURCES

This work was supported by the thesis committee consisting of Drs. Buschang, Tadlock,
and Schneiderman. All work for the thesis was completed by the student, under the advisement
and with the assistance of the thesis committee members.

This work was made possible by the Robert E. Gaylord Endowed Chair in Orthodontics,
and the Department of Graduate Orthodontics and Craniofacial Orthopedics at Texas A&M

College of Dentistry.



TABLE OF CONTENTS

Page

ABSTRACT ...ttt ettt ettt et e et e sat e e bt e eab e e sste e bt e enbeennteebeesnteens il
ACKNOWLEDGEMENTS ..ottt ettt ettt ettt st et e e e seeeeaeas v
CONTRIBUTORS AND FUNDING SOURCES ......cccttiiiiiiiiiiienieeteeite et A%
TABLE OF CONTENTS ...ttt ettt et ettt ettt e e ieeebeeenneens vi
LIST OF FIGURES ...ttt ettt ettt ettt e et eebee e viii
LIST OF TABLES ...ttt ettt ettt ettt e st et e et e e naeeebeesnneens ix
CHAPTER T INTRODUCTION.....ccttitiiiiiiiieeiie ettt ettt ettt 1
Components of an Ideal OCCIUSION .........uuiiiiiiiiiiieiiiiiee e e et e e e ee e 1
Tooth Size and Ideal OULCOMES .........ccoiuiiiiiiiiiiiie et e e e e eeaee e e e neareeeeenes 4
Bolton Ratio and [ts LImMitations.........cceeruiiiieiiiiieeeeiiiieeeeiiieeeeesiteeeeesiaeeeeeeerteeeeeenreeeeennseeens 7
The Influence of Arch FOIM ......cccuiiiiiiiiiiiec e e 9
Orthodontic Finishing and the Pursuit of Ideal Occlusion ............cocceeiviiiiiiiiiniiiiniceneeee 11
Summary and Statement of the Problem ..............cccciiiiiiiiiiiii e 13
CHAPTER II MATERIALS AND METHODS ... .o 16
Sample and INCIUSION CIItEIIA. ... ...eiiiiiiiiieeiiiiie e et ee ettt ettt e e ettt e e e et e e e esareeeeesbaeeeeenes 16
Manipulation ProtoCOl........coouiiiiiiiiiiiiee e e 16
StatiStICAl ANALYSIS ...uvviiieiiiiiie ettt ettt ee ettt e e et e e e ettt e e e eeabeeeeentbeee e e nnbaee e e nbaaeeeann 19
REIHADIIILY ..ottt ettt et e sttt et e et e sebeenbeeebeeeaneens 20
CHAPTER III RESULTS . ..ottt ettt ettt et ettt e bt e ebeeenneens 21
Considering Only Contacts wWith DiSCTEPANCIES...........eeeeeriiiieeeriiiiieeeiiiee et e eiiee e 21
Considering All Contacts (Table 1).......cuuiiiiiiiiiiieiiiiie e e 22

Vi



CHAPTER IV DISCUSSION ...ttt 23
Discrepancies are NOt UNCOMIMON. ....cc...utiritieriieeiiieeiiieeeiteeeiieeesiteeesiteeesiteeesbeeesieeesieeenas 23
The Maxillary 2™ Premolar- Maxillary 1% Molar Contact iS K€y ........c.cccoovvevvevevevevererenennnn. 24
Considering Class I Correction: Look at the 27 Premolar ................ccoceeveeicrerereneeererenenennns 25
CLinical TMPLICALIONS .....eeieiiiiiieeiiiiiee ettt ettt e e ettt e e e ettt e e e ettt e e e eebbeeeeesrbeeesessaeeeeennreeeans 26
Consideration for the FULUIe ..........c..coiiiiiiiiiiii e 28

CHAPTER V' CONCLUSIONS ...ttt 29

REFERENCES ...ttt ettt et e sane e 30

APPENDIX A FIGURES. ..ottt 37

APPENDIX B TABELS ..ottt 50

vii



LIST OF FIGURES

Page
Figure 1. Summary of Materials and Methods. ..........c.cceiiiiiiiiiiiiniiiiccceeee 37
Figure 2. Manipulation Protocol: Step One.........ccooviiiiiiiiiiiiiiiiiiiiceecec e 38
Figure 3. Manipulation Protocol: Step TWO ....c.c.ceeiiiiiiiiiiiiiiiiie e 39
Figure 4. Manipulation Protocol: Step Three ..........cccooviiiiiiiiiiiiiiiiccceceee 40
Figure 5. Manipulation Protocol: Steps Four and Five ...........ccooiiiiiiniiiniiiiniciccneee 41
Figure 6. Manipulation Protocol: Step SiX .......cceeeiiiiiiiiiiiiiiiiiieeeicceeeie e 42
Figure 7. Manipulation Protocol: Step Seven..........ccceviiiiiiiiiiiiiiicicceceee e 43
Figure 8. The Number of Discrepancies at each Contact Point............ccoceeeviiiiniiiiniieennneen. 44
Figure 9. Discrepancy CONtrIDULION ........eeiviiiiriiieiiiie ittt 45
Figure 10. Discrepancies at the 2nd Premolar- 1st Molar Contact ............ccoecuveevieeeniieeniineen. 46
Figure 11. Total Discrepancies: Discrepancies Only ...........cccceveeiiiiieeiiiiiieeeniiiiee e 47
Figure 12. Percentages of Sides with Various Total Discrepancies...........cccocueeevueeeriiveeniuneen. 48
Figure 13. Total Discrepancies: All CONtaCtS........cccueeiiiiiiriiiiiiieiiie et 49

viii



LIST OF TABLES

Table 1. Discrepancies at Each Contact Point...............oooiiiiiiiiiiiiiiiiii e,



CHAPTER I

INTRODUCTION

Components of an Ideal Occlusion

It is important to understand the dynamic nature of “ideal occlusion”. As our
understanding grows, so too does our definition of ideal. As early as 1907 Edward Angle
described his prized class 1, first molar relationship' which is still used to begin describing an
ideal occlusion.”* Angle suggested that normal occlusion occurs in the presence of an
appropriate first molar relationship, so long as the teeth are aligned in a smooth, curving line of
occlusion®. However accurate this may be, is of course insufficient to completely define ideal
occlusion.

Perhaps the most widely known description of ideal occlusion was provided by Andrews
in his “Six Keys to Normal Occlusion” in 1972.* Andrews studied 120 models of patients who
had never had orthodontic treatment. These models were taken from patients whose teeth were
straight and pleasing in appearance, had bites which looked generally correct, and in Andrews’
best judgment would not benefit from orthodontic treatment. What Andrews discovered was that
these models shared some important characteristics which became the foundation of his six keys.
The six keys are as follows:*

1. Molar relationship- A class I relationship. It is important to note a distinction between
Angle’s and Andrews’ definition of an optimal, class I molar relationship. Andrews
showed that the distal surface of the distobuccal cusp of the upper first permanent molar
made contact and occluded with the mesial surface of the mesiobuccal cusp of the lower

second molar. Additionally, the mesiobuccal cusp of the upper first molar should rest in



the groove between the mesial and middle cusps of the mandibular first molar, which is
consistent with Angle’s definition of a class I molar relationship.
2. Crown angulation/ mesiodistal tip- The gingival portion of the long axis of each crown
should be distal to the incisal portion, varying with the individual tooth type.
3. Crown inclination/ labiolingual or buccolingual inclination- Upper and lower anterior
crown inclination should be sufficient to resist overeruption of anterior teeth and
sufficient also to allow proper distal positioning of the contact points of the upper teeth in
their relationship to the lower teeth, permitting proper occlusion of the posterior crowns.
In the upper posterior crowns, there should be a consistent lingual crown inclination
which is slightly more pronounced in the molars. The lingual crown inclination in the
lower posterior teeth should progressively increase from the canines through the second
molars.
4. Rotations- There should be no rotations present.
5. Spacing- There should be no spaces present.
6. The plane of occlusion should vary from generally flat to a slight curve of Spee.
Andrews suggested that some deviation from ideal should be considered normal,
considering that most of the population is afflicted with some form of malocclusion. However,
he distinguished abnormal malocclusions from normal malocclusions as those malocclusions that
cannot be treated to optimal standards without compromise or surgical intervention.’

Another definition of a normal occlusion was that put forth by Stifter, who suggested that
occlusion is normal when teeth can perform their primary functions efficiently and the health of
the supporting structures is maintained.® These functions include mastication, esthetics, speech,

and deglutition.® Along these same lines, Lundstrém suggested that normal occlusion is a



functionally ideal occlusion.” According to Lundstrém, in a normal, adult occlusion, the
following should be present:

1. A complete dentition in both jaws, with no spacing present.

2. The upper teeth should be labial to the lower teeth on biting, with an appropriate overbite
of 1-3 mm in the anterior. The palatal cusps of the maxillary dentition articulate with the
corresponding and adjacent mandibular teeth.

3. There should be balance in the occlusion on articulation such that there is smooth contact
between the arches in incisal and lateral regions.

Like Andrews, Lundstrom emphasized that the aforementioned criteria were ideal, and
that there were all-too-often deviations, such as mild spacing or crowding, that cause one to
consider the range from ideal that one would accept as an admissible, or normal malocclusion.’

In addition to the criteria listed above, it is critical to understand that ideal occlusion is
also related to the quality and quantity of contacts shared by the maxillary and mandibular
dentition. These areas of contact and near contact (ACNC) define posterior occlusion and
function. It has been shown that subjects with normal occlusion have significantly larger ACNC
than those with Class I, Class 11, and Class III malocclusions and that individuals with larger
ACNC are better able to break down foods.® Furthermore, subjects with malocclusion (who have
smaller ACNC) do not perform as well as those with normal occlusion in regards to masticatory
performance.”!* Lepley et al.'> showed that masticatory performance was most closely
correlated with occlusal contact area, indicating larger ACNC in subjects with better
performance. In that same study, occlusal contact areas were related to greater bite forces and
favorable chewing cycle kinematics. These studies corroborate the notion that intimate cusp

fossa relationships and class I occlusion are important in that they are critical in determining the



ability of the subject to break down food, have higher bite forces, and normal chewing cycle, all
of which should be components of an ideal occlusion.

Another characteristic of an ideal occlusion should be long-term occlusal stability. A
study by Harris and Behrents'® assessed the relative stability of the molar relationship in
untreated individuals with complete dentitions. They found that the Class I relationship is the
most stable. However, Class II relationships became more class 11, and Class III cases became
more class III. Studies conducted at the University of Washington'’-* found satisfactory long-

term stability of mandibular incisors in approximately one third of the patients. More recent
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studies from the University of Washington and Baylor College of Dentistry support the
notion that long term stability after orthodontic treatment is achievable in close to 80% of
patients. This stability is related to a few common factors such as minimal expansion of the
mandibular canines and molars, and retraction with uprighting or minimal movement of the
mandibular incisors.
In summary, an ideal occlusion is one that:

1. Meets Andrew’s Six Keys to Occlusion.*

2. Allows for performance of primary functions.®’

3. Has intimate posterior intercuspation with large areas of contact and near contact,

which are critical for optimal function.®!?

4. Ts stable before,'®2° or after orthodontic treatment.?!-6

Tooth Size and Ideal Qutcomes

One of the first steps in orthodontic diagnosis and treatment planning is a detailed
analysis of the patient's dentition. This analysis is likely to include a detailed space analysis as
well as the assessment of tooth size.** It has been well established that in order to achieve ideal

occlusion, the maxillary dentition and mandibular dentition must have a proportionality of tooth
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size such that the sum of the widths of the maxillary dentition must be larger than the sum of the
widths of the mandibular dentition. Of course, this relationship was explained in detail by
Bolton.?” Performing a detailed analysis of tooth size and arch form is critical in that it may help
the orthodontist identify a tooth-size discrepancy that may prevent the orthodontist from
achieving an ideal outcome without some form of intervention such as interproximal reduction or
extraction therapy.?*-°

Tooth size has been studied extensively, perhaps most notably by G.V. Black.?! Black
documented tables of mean tooth sizes based on extensive measurements of multiple teeth of all
types. Ballard, in 1944, measured the greatest mesiodistal dimension of the dentition on both
sides of the arch in 500 cases. He then compared his findings to those of Black. He found that
tooth size is highly variable. In fact, he discovered that in 90% of the 500 cases, there was a
significant discrepancy between the left and right pairs of teeth. Additionally, in 82% of these
cases, the discrepancy between the left and right antimeres were greater than 0.5 mm.*? He then
went on to discuss interproximal reduction as a potential solution to this discrepancy. Ballard’s
findings have been somewhat validated in that many other studies have concluded that tooth size
discrepancies are not uncommon.**=> However, unlike other studies, Ballard’s work would
suggest that discrepancies in the posterior dentition may be more common than studies
measuring a Bolton ratio report.

But are these tooth size discrepancies likely to affect treatment in such a way that an ideal
outcome may not be possible without intervention? Using two standard deviations outside of
Bolton’s ratio is a common marker for determining a clinically significant tooth size
discrepancies between jaws, because this would represent a discrepancy of 2-3 mm from

Bolton’s mean.*® %’ Freeman et al.*® calculated a Bolton ratio in a sample of 157 orthodontic



patients. A discrepancy was considered clinically significant if its value was outside two standard
deviations of Bolton’s mean (ratio of 73.9-80.5% for the anterior 6, 87.5-95.1% for the overall
12). Freeman et al.*® found that, in their sample, 13.4% of cases had overall 12 ratios outside of 2
SD, and 30.6% cases had anterior 6 ratios that fell outside of 2 SD. A study by Crosby and
Alexander®” measured the Bolton Ratios in a sample of 109 orthodontic patients with varying
malocclusions. They found no significant difference in the mean mesiodistal ratios when
compared to Bolton. However, they found higher standard deviations when compared to
Bolton’s study. Additionally, they found that there were no significant differences in ratios when
comparing types of malocclusion. They went on to suggest that due to the large number of tooth
size discrepancies in each group, regardless of malocclusion type, a Bolton analysis should be
performed on each patient prior to initiation of treatment. Manke and Miethke®® found that in a
sample of orthodontic patients, 20% had a significant mandibular excess that would merit
narrowing during treatment. They also suggested that the presence of a mandibular excess was
more common than the presence of a maxillary excess. Bolton found that in a sample of 100
patients in his practice, 29% had a Bolton discrepancy beyond one standard deviation of his ideal
mean.*’ These studies would suggest that, in samples of orthodontic patients, we should expect
to see a tooth size discrepancy that would affect our treatment goals in roughly 15- 30% of
cases.*®3% 0 Failure to intervene in these cases, via interproximal reduction or extraction
therapy, may negate the possibility of ideal alignment without the compromises of inappropriate
overbite or overjet.** This would suggest that the orthodontist, or any clinician attempting to
provide orthodontic care, should not assume that teeth should simply fit together without the
ability to troubleshoot and provide an appropriate intervention. However, many of these studies

also suggest that a tooth-size discrepancy is most likely to be present in the anterior dentition.



This may be due a limitation of the Bolton Ratio. As mentioned previously, Ballard’s study
would suggest that discrepancies in the posterior dentition should be more common. So how is it

that we are not detecting them?

Bolton Ratio and Its Limitations

Bolton developed his analysis in 1952 to evaluate the relationship of the mandibular and
maxillary dentition.?” His analysis creates a ratio of the sum of the mandibular and maxillary
dental widths. He suggests that these ratios should be approximately 91.3% for the overall molar
to molar, and approximately 77.2% for the ration of the anterior six teeth. When these formulas
are applied as a diagnostic aid, the clinician can detect the presence of a maxillary or mandibular
excess or deficiency. Bolton suggested that a discrepancy greater than one standard deviation
outside of his mean ratio would require consideration of an intervention such as interproximal
reduction or extraction therapy.*’ He indicated that this analysis should be routinely performed,
regardless of malocclusion type, due to the prevalence of tooth size discrepancies. However, the
Bolton Analysis is limited in that it is a function of anterior and posterior mesiodistal dental
widths, which fails to consider other contributors of posterior occlusion such as cusp-fossa
relationships or arch form, which thereby change the mesiodistal dimension which each posterior
tooth occupies. This is problematic when you consider that not all patients are created equal, and
that the dentition may have different spatial relationships depending on factors such as the curves
of Spee and Wilson and the arch form in which the teeth are positioned.

The concept that spatial relationships and arch form can alter the Bolton index has been
demonstrated. Halazonetis*' examined the effects of the radius of the mandibular arch, the
differences in the maxillary and mandibular arch radii, and the effects of various incisor
labiolingual thicknesses on the Bolton ratio. Halazonetis discovered that the Bolton ratio is

affected by the shape of the dental arch and the incisal edge thickness. As the radius of the
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anterior segment goes from more curved to flatter, the Bolton ratio increased. This would suggest
that a maxillary deficiency could be treated by flattening the anterior arch form, and a maxillary
excess could be treated by increasing the curvature of the anterior segment. However,
Halazonetis showed that the incisal edge thickness was the most influential factor. In fact, a 1
mm change in incisal edge thickness may affect the Bolton ratio by as much as 5%, which
represents almost a 3 mm tooth size discrepancy. These findings led Halazonetis to conclude that
when assessing any suspected tooth-size discrepancy, a low or high Bolton value may not
represent a true discrepancy, and an ideal value may not guarantee an ideal occlusion. He also
went on to suggest that his study was limited, and that further investigation needed to be
performed, specifically concerning the relationship of the posterior teeth to these parameters.
Steyn et al.*? attempted to quantify how changes in the arch circumference affect a
change in anterior arch length. Arch circumference was the width of the arch connecting the
interproximal contact points from distal of the canine to the distal of the contralateral canine in
millimeters, and the anterior arch length was defined as the distance from the central incisor
contact point to a perpendicular line connecting the distal interproximal contact points of the
canines (Figure). They discovered that the shorter the arch length, the more critical the arch
circumference. In other words, for every millimeter change in arch circumference, the overjet
will be affected to a greater degree in a case with a smaller arch length than in a case with a
larger arch length. These findings were supported by Epker and Fish who found that changing
the curvature of the arch resulted in changes in overjet unless the arch length was adjusted in
order to maintain the same canine relationships.** These studies clearly demonstrate that the
Bolton ratio can be affected by the shape of the arch form, incisal edge thickness, and that

overjet can compensate for an apparent Bolton discrepancy.*!*** However, these studies are all



limited in that they do not extend their investigations to the posterior dentition. This limitation is
unfortunate when you consider that the posterior dentition has been shown to have great
variability in tooth size and shape,*? and there is more interproximal enamel available in the
posterior dentition for an intervention such as interproximal reduction, should a true tooth size
44

discrepancy exis

The Influence of Arch Form

The forms of the dental arches are clearly influential regarding their effect on the anterior
dentition and the Bolton ratio.*'** But what constitutes an ideal arch form and how does arch
form influence other dental parameters? There have been many attempts to characterize and
describe the dental arch. Bonwill,** as early as 1884, outlined a set of geometric principles for an
ideal dental arch that he felt was most conducive to the movement of the jaws in mastication. He
used a series of equilateral triangles to develop a guide for setting artificial teeth in denture
fabrication. He felt that the ideal dental arch should not be “horseshoe” shaped, which was a
common shape used for dentures at the time. Bonwill’s setup was later applied to the field of
orthodontics by Hawley.*® Hawley believed in Bonwill’s work and suggested that if the teeth are
normal and uniform in size, there must be an ideal arch which, when filled, will accommodate all
the contact points and allow for a correct occlusion. Hawley developed an arch form based on
the mesiodistal widths of the anterior dentition, canine to canine. The six front teeth fit the arc of
a circle whose radius is defined by their widths. The posterior segments, distal to the canines, are
arranged in a straight line which is related to a series of equilateral triangles, like Bonwill.
Hawley goes on to suggest that the line of posterior dentition, and the base of the triangle to
which it extends, should be based on the anatomy of the patient's alveolar ridge. In other words,
the posterior line of occlusion should be positioned over the ridge to accommodate the forces of

mastication and preserve the proper functional movements of the jaw. Therefore, Hawley
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implied that the ideal arch is unique to each patient and is defined by the width of the anterior
teeth, and the shape of the basal bone which they occupy.

Although the Bonwill-Hawley theory was once held in high esteem, it has more recently
been refuted even though it bears a striking resemblance to many of the standard arch form
templates used in orthodontics to this day.!*’*8 The refutation seems mostly related to
disagreements in the location and quantity of curvature in the arch. Williams suggested that the
arc of the anterior teeth should lie on a circle whose radius is determined by the mesiodistal
widths of the permanent dentition molar to molar, not simply canine to canine.*’ In contrast,
Hellman contended that it is faulty to assume that the dimension of the teeth should play any role
in determining the ideal arch. Hellman, after studying a large sample of skulls, stated that he
found there to be no correlation between the widths of the incisors or molars and the shape of the
dental arches.”® G.V. Black described the ideal arch as a semi-ellipse. However, he stated that
there is often great variation, where some patients display a straight line from the bicuspids
through the molars, while others display a slight curvature.’! Izard studied skulls with normal
archforms and found that 75% were elliptical, 25% parabolic, and 5% other (square or U-
shaped).*’

It has been proposed that the original mandibular intercanine width should be used as a
guide to determine the appropriate archform for each patient. De La Cruz et al.’! found that the
greater the change in shape of the arch during orthodontic treatment, the greater the tendency for
a change post-retention. The patient's pretreatment arch form appeared to be the best guide to
future arch form stability. Similarly, Felton and Sinclair’* found that roughly 70% of the cases
that had changes in arch form during treatment had significant long-term post-treatment changes,

leading them to recommend individualization of the archform to help obtain ideal long-term
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stability. Myser et al.>?

found that post-retention changes were related to post-treatment anterior
arch perimeter, intercanine width, and arch form. They suggested that narrower arch forms are
more likely to show post-treatment malalignment changes. These studies seem to all corroborate
the notion that the stability of the archform seems to be dependent on the patient’s initial
archform, and that changes to this archform, or alteration of the intercanine width, will result in
increased risk of instability. This is supported by other studies that would suggest maintenance of

the intercanine width and the mandibular archform as a staple of stability.?*>*

Orthodontic Finishing and the Pursuit of Ideal Occlusion

There is value in achieving a stable, class I, intercuspated occlusion. But just how
successful are we at achieving ideal occlusion, with all of its components? In an attempt to drive
the profession forward by helping to determine the adequacy of treatment results, the American
Board of Orthodontics created the Objective Grading System (OGS). The OGS scores post-
treatment models based upon eight criteria: Alignment, Marginal ridges, Buccolingual
inclination, Occlusal contacts, Occlusal relationship, Overject, Interproximal contacts, and Root
angulation.”®> Although perfection in all these categories may be impossible to achieve in some
cases, one should hope to get close. However, a study by Fleming et al.>® showed that in 138
Angle class I nonextraction patients, the partial mean overall OGS score was 24.9 +/- 8.0 (a
score of >27 is failing). Occlusal contact was the most important component contributing to the
overall score, followed by alignment. Unfortunately post treatment occlusal discrepancies are not
uncommon.

Furthermore, it has also been shown that orthodontic treatment tends to result in an
overall decrease in the number of occlusal contacts.’’° Sullivan et al..>’ showed that, when
compared with untreated controls, treatment with fixed appliances diminished the number of

occlusal contacts. Furthermore, they noted that orthodontic treatment may lead to an appreciable
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permanent reduction in occlusal contacts which is not always compensated by post treatment

settling. Haydar et al.*

compared patients treated with fixed appliances retained with a Hawley
to patients treated with fixed appliances retained with a positioner, and untreated controls. The
total mean number of contacts at the end of treatment for both treated groups was significantly
less than that of the untreated group. This is problematic, considering that long term occlusal
stability should be one of the goals of orthodontic treatment and that greater area of occlusal

12-14

contact has been shown to be related to enhanced masticatory performance, ““ normal chewing

61-64 65,66

cycles, and greater bite forces.

Why is it that orthodontically treated patients show occlusal discrepancies post-
treatment? One possibility is that there are tooth size or positional discrepancies that the
orthodontist failed to detect. Given such discrepancies, an ideal occlusion would not be possible
without an intervention such as interproximal reduction or repositioning. A study by Shellhart et
al.%” showed that significant measurement error can occur when performing a Bolton Analysis on
crowded pre-treatment models. In other words, crowding may make it difficult for the
orthodontist to accurately predict the presence of a tooth-size discrepancy pre-treatment.
Unfortunately, it is not uncommon for these discrepancies to reveal themselves in the finishing
stages of orthodontic treatment 2%

And how do orthodontists react to a perceived discrepancy? In a study performed by
Barcoma et al.®” 873 orthodontists responded to a survey designed to elicit their opinions on
interproximal reduction (IPR) and its use in clinical practice. The survey response suggested that
two-thirds of orthodontists reported performing IPR on a routine basis to gain intra-arch space.

Nearly half of them reported a preference for performing IPR on anterior teeth over posterior

teeth because it was “easier to perform than IPR on posterior teeth”. This brash application of
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IPR is perhaps problematic if one considers that the orthodontist may be creating a Bolton
discrepancy where one did not exist, and failing to apply IPR to the posterior dentition, where a
true discrepancy may exist.

Furthermore, it may very well be that tooth-size discrepancies are not the reason for the
perceived occlusal discrepancies. For example, according to Andrew’s,* it is possible for the
mesiobuccal cusp of the upper first molar to occlude in the groove between the mesial and
middle cusps of the lower first permanent molar (representing a class I relationship as sought by
Angle') and yet have what appears to be a class II canine and premolar relationship. Andrews
showed that the closer the distal surface of the distobuccal cusp of the upper first permanent
molar approaches the mesial surfaces of the mesiobuccal cusp of the lower second molar, the
greater the likelihood of appropriate cusp/embrasure relationships of the premolars and canines
(Figure). If the upper first molar is not in an appropriate position (approximating the lower
second molar) the orthodontist might claim that there was a tooth size discrepancy preventing
ideal, class I intercuspation. However, the reality is that ideal cusp fossa relationships could have

been achieved by seating the distobuccal cusp of the upper first molar.

Summary and Statement of the Problem

Class I intercuspated, normal occlusion is important because it is related to greater areas

of contact and near contact,® which are related to enhanced masticatory performance, !>

61-64

normalized chewing cycles, and stability'®. These are all components of an ideal occlusion,

and the orthodontist should make every effort to pursue ideal outcomes. However, orthodontic

759 and occlusal contact has been shown to be

treatment tends to decrease occlusal contact area,
a major contributor to higher Objective Grading System scores.® Is it simply a lack of skill that
leads to these post-treatment discrepancies? Perhaps there is more to the equation. Studies have

shown that tooth size discrepancies are not uncommon,***° and that these tooth size
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discrepancies can be difficult to detect pre-treatment due to factors such as crowding.®” This may
lead to the orthodontist perceiving an occlusal discrepancy in the finishing stages of
treatment.”®® This poses an interesting dilemma in that it may be difficult for the orthodontist to
know if there is a true tooth size discrepancy that would require alteration of tooth size, or if
there or other contributors to the perceived discrepancy such as poorly positioned teeth, or poorly
coordinated archforms. This very scenario sets the stage for the present study.

The Bolton Ratio is clearly influenced by archform,*-+

and the position of the teeth
(which may alter their mesiodistal dimension), and there is a shortage of studies that have
continued their investigations in this regard to include the posterior teeth. Based on the studies
presented, it would seem unwise to assume that teeth should simply fit together, and equally
unwise to apply interproximal reduction “willy-nilly”. Additionally, many of the studies that
attempt to quantify the prevalence of clinically significant Bolton discrepancies suggest that the
prevalence of Overall Bolton discrepancies is roughly half as common as Anterior Bolton
discrepancies (roughly 13% Overall, and 30% Anterior).>¢ These studies suggest that the
contribution of the posterior dentition to clinically significant Bolton discrepancies may be even
less than 13%. This conflicts with the studies by G.V. Black and Ballard that show a high degree
of variability in the posterior dentition, which would suggest that posterior tooth size
discrepancies should be more common.*!-*

We suggest that the underestimated contribution of the posterior dentition to clinically
significant Bolton discrepancies has likely caused the orthodontic community to completely
ignore the Overall Bolton ratio. If they do not detect an Anterior Bolton discrepancy, they may

falsely assume that there wouldn’t be a posterior discrepancy. Or, an Anterior Bolton

discrepancy is detected, interproximal reduction is applied to the anterior dentition only, and the
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orthodontist falsely assumes that the remaining dentition will fit together into appropriate
occlusal relationships.

The present study will attempt to position the posterior dentition in ideal cusp-fossa
relationships and evaluate whether the teeth would fit together without alteration. This will be
done digitally, in the 3Shape Ortho Analyzer™ software. The teeth will be placed on an
archform that matches the original archform of the mandibular dentition, as this has been shown
to be important for stability.?®>* The goal is to discover if the posterior teeth fit together, and if
not, where the most common discrepancies are located. This will provide insight as to what the
orthodontist should be looking for to troubleshoot and identify barriers to ideal occlusion that

may be present in an unaltered posterior dentition.
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CHAPTER II

MATERIALS AND METHODS

Sample and Inclusion Criteria

Pre-treatment models were chosen from a large sample of completed cases treated by the
Orthodontics and Dentofacial Orthopedics department at Texas A&M College of Dentistry. The
first 50 models that met the following criteria were selected:

o Complete permanent dentition present with or without 3™ molars.
e Models in ideal condition with no major damage, nodules or voids in any critical areas

(interproximal/ occlusal surfaces).

e No obvious deviation from anatomical norms (including crowns or restorations) that
would lead to obvious discrepancies.

Of the 50 models that were selected, 30 were male, 20 were female, and the average age
of the sample was 15.92+2.79 years. The models were scanned using a TRIOS ® 3Shape
scanner, which has been shown to be one of the most accurate scanners on the market, accurate
down to as little as 6-7 microns.**#!%2 The models were then digitized and manipulated into ideal
occlusion using 3Shape Ortho Analyzer™ software. This software is capable of manipulating the
dentition in all three planes of space in 0.01 mm increments.

Manipulation Protocol

The manipulation protocol was designed to make the “ideal” position as objective as

possible and was based on achieving Andrews’ keys to occlusion* as well as a large number of

occlusal contacts. The protocol involves seven steps (Figure 1):

16



The first step aligned the standard plans. The sagittal and coronal planes were aligned
perpendicular to the maxillary occlusal plane (i.e., sagittal plane) of the digital model (Figure 2).
The occlusal place was defined by points on the central grooves of the maxillary first molars and
the incisal edge of the maxillary central incisors.

The second step created an ideal arch form (Figure 3). A custom archform was made that
replicated the original mandibular archform (so as not to increase the intercanine width during
manipulation). This archform was used as a guide such that the mandibular functional cusps
layed on the archform, and the central grooves of the maxillary dentition, for which they
articulate with, layed on the archform after manipulation. The archform was parabolic in nature
and based on a line of best fit connecting points on the buccal cusps of the mandibular second
molars to the cusp tips of the mandibular canines. The maxillary archform was copied from the
mandibular.

The mandibular dentition was idealized in the next step by removing rotations (buccal
cusps on the archform with central grooves parallel to archform), levelling the curve of wilson
until it was mild to none (accepted range of 0-1 mm difference between buccal and lingual
cusps), levelling the curve of spee until it was mild to none (visually the curve of spee needed to
be relatively flat, but a mild curve of spee was accepted if it fit the natural curvature of the
alveolar bone), and setting ideal interarch contacts (Figure 4). All of these criteria conformed to
the shape of the custom archform. Since the software is capable of moving teeth at 0.01 mm
increments, it can detect potential interferences or overlaps of 0.01 mm. For the purposes of this
study, any contact that was <0.05 mm in depth was considered an ideal contact. Anything <0 was
spacing, and anything >0.05 mm in overlap was considered a discrepancy or interference. The

reason for choosing a range of 0.00-0.05 mm as an ideal contact is due to the fact that these
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models are ridged and are not capable of any physiologic movement that may occur in a natural
bite, and 0.05 mm is well below the threshold of what one would consider worthy of intervening
with interproximal reduction, and is therefore, clinically insignificant.

The next step idealized the maxillary first molar position (Figure 5). According to
Andrews*, the distobuccal cusp of the maxillary first molar should approximate the mesiobuccal
cusp of the mandibular second molar. Additionally, the mesiobuccal cusp of the maxillary first
molar should rest in the groove between the mandibular mesial and middle cusps. The maxillary
first molar position was considered ideal if it met the aforementioned criteria, as well as there
being no rotation (the central groove parallels the archform), and having at least four ideal
occlusal contacts shared between the mandibular first and second molar (palatal cusps of the
maxillary first molar contacting the central groove of the mandibular first molar and marginal
ridges of the first and second mandibular molars, and the mandibular first molar buccal cusps
contacting the central groove of the maxillary first molar). It is important to note that the
minimum number of required occlusal contacts was four, but every effort was made to position
the molar such that we could achieve more than four ideal contacts or greater surface area of
contact, which was often the case. Additionally, it became evident very quickly that some
maxillary first molars simply cannot meet all of the aforementioned criteria. Specifically, it
became obvious that not all maxillary first molars are capable of making contact with the
mesiobuccal cusp of the mandibular second molar while simultaneously having their
mesiobuccal cusp lie within the groove between the mandibular first molar mesial and middle
cusps. In this scenario, precedence was given to the mesiobuccal cusp lying in the groove, rather

than the distobuccal cusp making contact with the lower second molar.
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Idealizing of the maxillary second molar position was then performed (Figure 5). The
mesiobuccal cusp had to rest between the mesial and distobuccal cusps of the lower second
molar and share at least two ideal occlusal contacts (Palatal cusp of the upper second molar
making contact with the central groove of the lower second molar and mesiobuccal cusp of the
lower second molar making contact with the mesial marginal ridge of the maxillary second
molar)

The next step was to idealize the maxillary 2nd premolar through the canine (Figure 6), in
that order, until they met the following criteria: their buccal cusp tips rest in their opposing
embrasure, they share at least two ideal contacts with their opposers, no rotations. The
mandibular buccal cusps make contact with the marginal ridges of the maxillary premolars, and
the palatal cusps of the maxillary premolars should make contact with the distal pits of the
mandibular premolars.

Each arch was individually inspected to ensure that all the aforementioned criteria are
met (Figure 7). If they were not, the process was repeated starting with the first step. It is
important to note that during steps 5-6, if ideal contacts could not be achieved, only then would
any changes be made to the position of the mandibular dentition. These changes would only
involve subtle changes to the curve of spee and wilson and the mandibular dentition still had to

meet the aforementioned criteria.

Statistical Analysis

After completion of the manipulation protocol, any overlap greater than 0.05 mm, or
spacing in the maxillary dentition was recorded as a discrepancy at that contact (Figure 7).
Spacing between the maxillary dentition was measured from the point of each tooth with the

closest proximity to one another, parallel to the occlusal plane. Spacing between the maxillary
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dentition was regarded as a discrepancy in the mandibular dentition. The total discrepancy for
each side was calculated by taking the sum of the absolute value of all contact discrepancies. The
frequency of discrepancies at each contact was recorded. Because the individual contact and total
discrepancies were not normally distributed, they were described using medians and interquartile
ranges. The left and right sides were compared using a Wilcoxon signed ranks test. There were
no differences between left and right sides (Table 1).
Reliability

Reliability was measured by calculating the method error for each contact point using the
following formula: \ (> differences®/2n). The method error ranged from 0.23 mm- 0.33 mm at

the 1st to 2nd premolar contact to the first molar to second molar contact respectively.
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CHAPTER III

RESULTS

Considering Only Contacts with Discrepancies

There was a total of 62 discrepancies detected (Figure 8). Approximately 5% of the
discrepancies detected were at the canine- 1% premolar contact, 3% of discrepancies were located
between at the 1% and 2™ premolar contact, 84% were at the 2™ premolar- 15 molar contact and
8% of the discrepancies were between the 1%t and 2" molar contact (Figure 9).

The 2" premolar -1 molar contacts, which showed the highest prevalence of contact
discrepancies, showed median discrepancies of 0.5 and 0.4 mm on the left and right sides
respectively (Figure 10). Approximately 25% of the discrepancies were greater than .73 mm on
the left side and .67 mm on the right side. 52% of the sides evaluated had a discrepancy at this
contact point. In terms of subjects, 64% of subjects had at least one side with a discrepancy at
this contact point.

Concerning total discrepancies, approximately 50% on the left and right sides were
greater than 0.56 mm and 0.47 mm, respectively (Figure 11). Approximately 46% of sides had
no total discrepancy, while the remaining 54% had a total discrepancy. 25% of sides had total
discrepancies that were >0.05 mm but <0.5 mm, 19% of sides had total discrepancies >0.5 mm
but <0.75 mm, 6% of sides had total discrepancies >0.75 mm but <I mm, and 4% of sides had
total discrepancies >1 mm (Figure 12). 29% of the sides evaluated had a total discrepancy >0.5
mm. When considering subjects instead of sides, 44% individuals had at least one side with a

total discrepancy >0.5 mm.
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Considering All Contacts (Table 1)

The median contact discrepancies when all contacts were included were all zero. With the
exception of the 2" premolar-1% molar right side contact, the 75" percentiles were also zero.
25% of the 2™ premolar-1%' molar right side contacts were greater than 0.4 mm. The 1% molar-
2™ molar contacts showed 1.29 and 1.01 of spacing on the left and right sides respectively.

Based on the sum of the absolute value of all contacts, the median total discrepancy on
the left was 0.30 mm with a range of 0-1.02 mm, and the median total discrepancy on the right
was 0.08 mm with a range of 0-0.84 mm.

Only 34% of individuals had no discrepancies on either side, indicating that the dentition
would fit together without any alteration of tooth size after meeting the manipulation protocol

criteria.
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CHAPTER IV

DISCUSSION

Discrepancies are Not Uncommon

The present study would suggest that it would be folly to assume that the posterior
dentition will fit together in ideal cusp fossa relationships without any intervention or
compromise. 54% of the sides evaluated had a discrepancy. 29% of the sides had a total
discrepancy of >0.5 mm. In terms of subjects, 44% of individuals had at least one side with a
total discrepancy >0.5 mm. But is this likely to be clinically significant?

Freeman et al*® found that, in a sample of 157 patients, 13.4% had overall "12" ratios
outside of 2 standard deviations from Bolton’s mean, and 30.6% of individuals had anterior "6"
ratios that fell outside of 2 standard deviations, which they deemed clinically significant.
Similarly, Crosby and Alexander®” found that 22% of patients had a significant tooth size
discrepancy. These studies used 2 standard deviations away from Bolton’s mean as their marker
for clinical significance, which can represent about a 2 mm Bolton Discrepancy. Bolton himself
suggested that a discrepancy greater than one standard deviation outside of his mean ratio (which
represents approximately 1 mm) would require consideration of an intervention such as
interproximal reduction or extraction therapy.*’ He indicated that his analysis should be routinely
performed, regardless of malocclusion type, due to the prevalence of tooth size discrepancies.*’

All of these studies seem to support the present study in suggesting that tooth size
discrepancies are not uncommon. Furthermore, a discrepancy of > 0.5 mm (found in 44% of
subjects on at least one side) is likely to be clinically significant when you consider that this

discrepancy is made up of the posterior dentition alone, and the cumulative discrepancy,
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including the opposing side and the anterior dentition, is likely to be larger. Considering that
interproximal reduction can be administered with strips as narrow as 0.1 mm, this may also be
practical. It’s also important to note that the present study is different from the aforementioned
studies in that it is not mesiodistal tooth size alone that accounts for the detected discrepancy, but
the cusp-fossa relationships as well. The higher percentage of discrepancies detected in the
present study may be due to the nature of the manipulation protocol and the criteria it requires

for ideal occlusion.

The Maxillary 2"! Premolar- Maxillary 1% Molar Contact is Key

The key relationship seems to be the contact between the maxillary 2nd premolar and the
maxillary 1% molar. Roughly 84% of the detected discrepancies were between the 2" premolar-
1° molar contact. Approximately half of the individuals in this study had a discrepancy on the
left or right side at this contact, and this discrepancy was roughly 0.5 mm on both sides.
Additionally, in 34% of individuals, if there was no discrepancy at this contact, there were no
discrepancies at any other contact. There are unique characteristics of the maxillary 2™ premolar
that may be contributing to the presence of this discrepancy. First, the maxillary 2" premolar has
a buccal cusp tip that is often mesial to the mesiodistal center of the crown.”® Second, the
maxillary 2™ premolar has a uniquely rounded distal surface when compared to other premolars
and can be more varied in appearance than other premolars.”’ These anatomical features may
partially explain the frequency of discrepancies detected at this contact.

Another contributor to this discrepancy may be the methodology. For the purposes of this
study, the buccal cusps had to approximate their respective embrasures to meet the requirements
of the manipulation protocol. In order for the buccal cusp tip of a 2! premolar to rest in its

embrasure, it may have to be placed more distal due to the buccal cusp being mesial of center. Is
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this phenomenon likely to be of consequence? The Objective Grading System (OGS) established
by the American Board of Orthodontics suggests that the buccal cusps of the maxillary premolars
should align with (or be within 1 mm of) the embrasures or contacts between the mandibular
premolars and first molar.>® They also suggest that the mesiobuccal cusps of the maxillary
molars should align with (or be within 1 mm of) the buccal grooves of the mandibular molars.*
This leeway allows for finishing the cusp tip within 1 mm of its embrasure without consequence
to the overall score. The very nature of the OGS is to evaluate the quality of treatment outcomes,
which implies that this leeway may be of little consequence. Some of the discrepancies detected
at this contact may have been eliminated by moving the maxillary 1% molar distally to
accommodate the 2" premolar. However, this may have removed the mesiobuccal cusp of the
Ist molar from its appropriate embrasure and diminished the opportunity of the 1% molar to share
appropriate occlusal contacts.

Considering Class I Correction: Look at the 2" Premolar

In 92% of the individuals, if the Maxillary 2™ Premolar was placed appropriately
according to the manipulation protocol (with or without a discrepancy between the 1% molar) ,
the remaining premolars and canines were able to enjoy a class I cusp-fossa relationship without
any interference. In other words, 92% of individuals had no discrepancy on either side anterior to
the maxillary 2" premolar- 1°molar contact.

Angle suggested that normal occlusion occurs in the presence of an appropriate first
molar relationship, so long as the teeth are aligned in a smooth, curving line of occlusion.’
Andrews’ definition of an optimal, class I molar relationship is different from Angle’s. Andrews
suggested that in addition to the mesiobuccal cusp of the upper first molar resting in its groove

(consistent with Angle), the distal surface of the distobuccal cusp of the upper 1*' permanent

25



molar should make contact and occlude with the mesial surface of the mesiobuccal cusp of the
lower second molar.* This is an important distinction. The present study would suggest that an
individual is likely to share ideal, class I posterior relationships anterior to the maxillary 2™
premolar, if its buccal cusp is in its embrasure. The distobuccal cusp of the maxillary 1% molar
approximating the mesiobuccal cusp of the mandibular 2" molar may help to facilitate this. This
was shown by Andrews (Figure). Class I correction may be inhibited by faulty positioning of the
maxillary 1% molar. However, the present study would suggest that if the individual has a class |
2" premolar, it is highly likely that they should be able to have a class I canine. Of course this is
in the presence of the other criteria in the manipulation protocol and does not account for the
anterior teeth or factors such as available overjet, incisal edge thickness, anchorage, or patient
compliance, which can all affect the ability of the clinician to achieve class I correction.
Clinical Implications

The purpose of this study is not to prod the orthodontic community and have them
perform 0.1 mm of interproximal reduction to facilitate a perfect posterior occlusion. The
purpose is to help clinicians to think critically and be able to identify barriers to ideal occlusion
that may have been previously overlooked. Although perfection may be impossible to achieve,

its pursuit is noble, and its benefits are substantial. Class I occlusion has been linked to greater

areas of contact and near contact®, which is related to enhanced masticatory performance,'>'3!#
9

61-64 65,66

normal chewing cycles, greater bite forces,® ¢ and stability.'® Greater bite forces are also

71,72

related to stronger musculature, more hypodivergent growth patterns, and greater bone

quantity and quality, which could all play a role in the stability of individuals with intimate

posterior cusp fossa relationships.”#7
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The present study found that only 32% of individuals had no discrepancies on either side
at any contact, implicating that the dentition might not fit together without any alteration of tooth
size or some form of compromise in 68% of the individuals. This may pose a challenge to
anyone attempting to achieve the best occlusal result possible and may have implications with
do-it-yourself aligner companies that may not be capable of troubleshooting and performing
appropriate interproximal reduction that may be needed for the patient. This is potentially more
problematic when you consider that the present study suggests that posterior discrepancies are
common, which contradicts other studies that suggest that tooth size discrepancies are more
prevalent in the anterior, and relatively uncommon in the posterior dentition.*®3"-76

The prevalence of posterior discrepancies in this study suggest that the orthodontic
community may greatly benefit from the implementation of this technology when evaluating
their patients. The greatest concern would be the required time and cost. However, as technology
progresses, the protocol outlined in this document, or a protocol of similar nature, will likely
become fully automated utilizing artificial intelligence. This may eliminate the temporal
concerns, or even end up saving the orthodontic community a significant amount of time. The
best time to apply these technologies may be prior the bonding appointment (with fabrication of
custom indirect bonding trays) and after alignment, when most of the anteroposterior problems
are corrected but lingering discrepancies in ideal occlusal relationships exist (to provide insight
into which teeth may be responsible for creating a discrepancy). This may end up leading to
more accurate bracket placement, shorter treatment times, higher quality occlusal finishes with

greater areas of contact and near contact, and increased post-treatment settling.
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Consideration for the Future

The manipulation protocol outlined in this study could be applied to any dentition. For
the purposes of this study, the anterior teeth were not included. However, anyone following the
manipulation protocol could use OrthoAnalyzer™ software to digitize and manipulate the
anterior dentition as well. It is important to understand that these dentitions are located within the
confines of the craniofacial complex, and therefore, have biological limitations to the
possibilities of positioning. For example, the individuals may have a skeletal discrepancy that
would prevent achieving the desired occlusion without surgery or compensations in incisor
angulation.

There are a wide range of potential benefits to the utilization of 3D systems. These
systems have been applied as aids in diagnosis and treatment planning, and utilized in the
fabrication of lingual appliances, customized brackets and bracket prescriptions, machine-milled
or 3D printed indirect bonding jigs, and robotically bent archwires.””’® But none of these
applications will hold value without the ability of the clinician to know the target. More studies
need to be performed to assess the accuracy of digital set-ups, and their application as a
diagnostic aid. As technology evolves, so too will our understanding of occlusion. It should go
without saying that the ultimate goal of the utilization of these technologies should be to improve

patient outcomes, not simply make the lives of the clinician easier.
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CHAPTER V

CONCLUSIONS

Discrepancies are not uncommon, with approximately 6% of posterior contacts, 29% of
sides, and 44% of individuals having clinically significant discrepancies (discrepancies greater
>0.5 mm). Only 34% of individuals had no discrepancies on either side. It is likely that the
unaltered posterior dentition may not fit together into ideal cusp fossa relationships without
intervention or compromise.

The maxillary 2" premolar- maxillary 15 molar contact may be a common contributor to
occlusal discrepancies. 64% of subjects had a discrepancy at this contact point on at least one
side. The median discrepancies at this contact were 0.5 and 0.4 mm on the left and right sides
respectively.

When troubleshooting class I correction, evaluating whether the cusp tip of the maxillary 2nd
premolar is in its embrasure may provide insight to the possibility of a class I canine position. In
92% of the individuals, if the Maxillary 2" Premolar was placed appropriately according to the
manipulation protocol, the remaining premolars and canines were able to enjoy a class I cusp-
fossa relationship without any interferences.

Utilization of 3D technology may help the clinician as a diagnostic aid and yield insight into

potential barriers to ideal occlusal results.
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APPENDIX A

FIGURES
Figure 1. Summary of Materials and Methods.
50 Pretreatment Models Scanned using a Dentition manipulated
models selected =D | TRIOS® 3Shape Scanner = according to the
after meeting and uploaded to Ortho following 7 step protocol
inclusion criteria Analyzer™ software ﬂ

1. All standard spatial planes aligned to the occlusal plane of the digital model

2. Custom ideal arch form created for each model

3. Movement of mandibular dentition into ideal position

4. Maxillary 1 molar position idealized

5. Maxillary 2° molar position idealized

6. Maxillary 2" Premolar- Canine idealized

7. Complete assessment and final adjustment
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Figure 2. Manipulation protocol:
plane of the digital models.

Step one- All standard planes were aligned to the occlusal
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Figure 3. Manipulation protocol: Step two- Custom mandibular arch form (A) created for
every digital model. Arch form was parabolic in nature and based on the original mandibular
inter-canine width. The maxillary arch (B) was copied directly from the mandibular arch form.

A B

39




Figure 4. Manipulation protocol: Step three- Idealization of the mandibular dentition. Achieved
by: Levelling the curves of Wilson and Spee until they are mild to none (A,C), Removing
rotations (B), and achieving ideal interdental and inter-occlusal contacts (0<Contact<0.05)(A,B).
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Figure 5. Manipulation protocol: Steps four and five- Maxillary 1* and 2" molar idealized.
The mesiobuccal cusp of the maxillary 1% molar was made to rest in the groove between the
mandibular mesial and middle cusps (A). The 1% molar had to have at least four ideal occlusal
contacts shared between the mandibular 1° and 2™ molar (B). The maxillary 2" molar
mesiobuccal cusp had to rest between the mesial and distobuccal cusps of the lower 2" molar
(C) and share at least two ideal occlusal contacts (D).
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Figure 6. Manipulation protocol: Step six- The maxillary 2™ premolar through the canine
were then to meet the following criteria: their buccal cusp tips rest in their opposing
embrasure (A), they share at least two ideal contacts with their opposers and have no
rotations (B).

42



Figure 7. Manipulation protocol: Step seven- Final Inspection. The entire posterior segment on each
side is inspected to determine that the criteria listed in the previous figures were met (A,B). Any
overlap of greater than 0.05mm or spacing, was recorded as a discrepancy. A discrepancy can be seen
here between the 1st molar and 2" premolar contact (C).
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Figure 8. The number of discrepancies at each contact point- Any contact not shown had no
discrepancies. The maxillary 2™ premolar- 15 molar contact had the greatest number of discrepancies.
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Figure 9. Discrepancy Contribution- Of the 62 contact discrepancies detected, 84% of these
discrepancies were due to a discrepancy between a maxillary 2™ premolar and 1% molar. 8%
were due to a discrepancy between molars. 5% were due to a discrepancy between 1° and 2
premolars. 3% were due to a discrepancy between the canine and 1 premolar.
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Figure 10. Discrepancies at the 2nd premolar- 1st molar contact.
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Figure 11. Total discrepancies: Discrepancies only- The sum of the absolute value of all
discrepancies on a side. Only individuals that had a total discrepancy were included in this
distribution.
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Figure 12. Percentages of sides with various total discrepancies- The percentage of sides
evaluated with no total discrepancy (46%), a total discrepancy of <0.5mm (25%), >0.5mm but
<0.75mm (19%), >0.75mm but <Imm (6%), and >1mm (4%). 29% of the sides evaluated had
total discrepancies >0.5mm.
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Figure 13. Total Discrepancies: All Contacts- The median and interquartile ranges for the total
discrepancies on each side (the sum of the absolute value of all contacts). This includes
contacts that had no discrepancy.
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APPENDIX B

TABLES

Table 1. Discrepancies at Each Contact Point- (median and interquartile ranges of discrepancies) detected at each contact (mm).

Left Right Difference
Discrepancies

at Each Contact
Min 25 50 75 Max Min 25 50 75 Max Prob.
Canine-1* PM 0 0 0 0 0.36 0 0 0 0 0.5 0.18
1" PM- 2" PM 0 0 0 0 0.33 0 0 0 0 0 0.18
2" PM- 1* Molar 0 0 0 0 0.86 0 0 0 0.4 0.75 0.15
1 Molar- 2" Molar -1.29 0 0 0 1.02 -1.01 0 0 0 0.38 0.26
Total Discrepancy 0 0 0.30 0.56 1.78 0 0 0.08 0.48 1.28 0.09

This table includes all contacts, including those without a discrepancy. 50 individuals had both sides manipulated into cusp
fossa relationships, representing 50 left, and 50 right sides.
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