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Thesis Directed by:
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Clinical Associate Professor
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Problem: To determine if a group of UMB Orthodontic faculty determines there to be
equal numbers of extraction and nonextraction cases in treatment planning borderline
Class I malocclusions in black patients, and second, to determine the variables that are
most important in the diagnosis and evidence-based treatment planning of these cases.
Methods: All black patients treated in the UMB Orthodontic Graduate Clinic having
completed initial orthodontic records over a three-year period were evaluated for the
presence of a Borderline Class I Malocclusion. Of the initial 171, 15 subjects were
statistically determined to be Borderline and were subsequently subjected to analysis by
14 orthodontic faculty members. Based on faculty analysis, 11 of the cases were
categorized as extraction or non-extraction and were evaluated for those variables
determined to be indicative of Borderline Class I malocclusions in black patients based
on logistic regression.
Results: Significantly more (X2=4.876, p = 0.027) extraction cases were reported
(57.6%) than non-extraction cases (42.4%). 66.9% of the extraction plans involved only

first bicuspids. The regression analysis showed that a 100% predictability of the
evidence-based treatment plan was obtained by evaluating overbite, interarch midline
discrepancy, WITS, lower crowding, overjet, IMPA, U1-SN, L1-NB and upper crowding.
Overbite (p = 0.017) and interarch midline discrepancy (p = 0.019) were statistically
significant in treatment planning. WITS approached significance (p = 0.096).
Conclusions: Due to the limited study sample, one can make several inferences in
regards to Borderline Class I malocclusions in black patients that must be interpreted
with caution. The orthodontic faculty members extracted 57% of the time. The most
common extraction pattern is four first bicuspids (~2/3 of the time). Dental overbite
proved to be the most statistically significant variable when treatment planning. Interarch
midline discrepancies proved to be the second most statistically significant variable when
treatment planning. The WITS variable approached statistical significance. Lower
crowding, overjet, IMPA, U1-SN, L1-NB and upper crowding were found to be nonsignificant in making the evidence-based treatment planning decision although a
treatment plan with 100% predictability can be obtained by analyzing all nine variables.
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I. INTRODUCTION

As Bertrand Russell once stated, “The most savage of controversies are those in
which no good evidence exists either way.” Beginning with Angle and Case, the
argument has long existed about whether to extract to obtain an ideal occlusion and
esthetic result in orthodontic therapy. The basis for this argument is extensive, with the
most vocal proponents and dissidents standing on principles such as the positioning of
teeth over basal bone, long-term stability, relapse, and facial esthetics. Experienced
orthodontists generally use specific criteria and race- and gender-specific measurements
when defining the ideal treatment plan for a clear-cut or straightforward Class I
malocclusion. These cases would be defined as those where 90% of the evaluating
orthodontists would decide on the same treatment approach, i.e. extraction or nonextraction (albeit, the extraction pattern could differ).
With the possible exception of the decision whether to treat or not, the most
crucial decision in the delivery of routine orthodontic care is whether to extract in the
permanent dentition.1 For clear-cut cases, the decision is, by definition, inevitable.
However, the true weight of the initial statement and the ultimate question lies in the
diagnosis and treatment planning of borderline Class I malocclusions, especially for black
patients.
The foundation of an orthodontist’s knowledge often results from the institution
in which he/she received his/her training. For those residents fortunate enough to work
with multiple faculty members during their training, the integration of diagnosis and
treatment planning concepts based on the clear-cut cases is often seamless. However,
confusion often results when treatment planning borderline malocclusions.
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The orthodontic literature is full of considerations in treating malocclusions. As
Vaden2 states, “Diagnosis and treatment is four dimensional. There is an anterior and
posterior dimension or boundary to the dentition, a vertical dimension and a lateral or
transverse dimension.” All four of these dimensions must be carefully evaluated in
relation to each individual’s chief complaint, specific malocclusion, and its etiology,
dental/oral function and facial esthetics. By definition, borderline malocclusions do not
direct themselves to a clear-cut and accepted treatment plan among a group of
experienced practitioners. Heated arguments often arise among a panel of orthodontists
evaluating such cases – the current dichotomy between Damon and conventional
practitioners should be enough evidence. Interestingly, though, this dichotomy is also
present within philosophies and, herein lies the greatest problem.
For residents, understanding the fundamental differences between philosophies comes
early in their orthodontic education, but understanding the differing opinions on how to
treat borderline cases within a philosophy is an issue that many residents battle with, even
after graduation. The need to clearly indicate those variables that identify borderline
Class I malocclusions could not be more apparent. It is this knowledge that will help
provide a scientific basis to the art of orthodontic treatment planning and in turn,
strengthen our stance as orthodontists within the scientific community.
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II. LITERATURE REVIEW

Defining an Ideal Dental Occlusion
In 1972, Dr. Larry Andrews3 published his data on 120 non-orthodontically
treated Caucasian patients with ideal dental occlusions. To this day, every orthodontic
resident is introduced to The Six Keys to Normal Occlusion early in his/her orthodontic
education. Regardless of race or gender, these keys must be present in a dentition in
order to be considered ideal.
The characteristics that define a normal occlusion are: proper molar relationship,
proper crown angulation or “mesiodistal tip”, crown inclination or “labiolingual
inclination”, no rotations, no spaces and a generally flat to slight Curve of Spee in the
plane of occlusion5. By definition, the absence of one of these characteristics indicates
that an individual has a malocclusion.
While Dr. Andrews’ data was based on Caucasian subjects, it is important to
remember that these keys apply to all patients. However, the values for each variable are
specific and unique to each race, and; the values associated with angulation and
inclination are in fact different for each individual within a race. One should not evaluate
a black patient in reference to white norms or vice-versa as the underlying skeleton and
soft tissue matrices are unique and determine the ideal position of the dentition.
Cephalometric Analysis
Lateral cephalograms, although initially introduced as a research tool6, are
currently used in diagnosing, and predicting treatment outcomes in response to
orthodontic treatment as well. Steiner
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published “Cephalometrics for you and me” in
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1953 with subsequent articles on cephalometrics written afterwards. Over the years,
many other analyses have been created to aid the orthodontist in diagnosing, treatment
planning, and subsequently, analyzing treatment. The Steiner Analysis, however, seems
to be the most frequently used within orthodontic practices and is the foundation of the
Maryland Analysis at the University of Maryland Department of Orthdontics.8
Treatment planning patients with racial and gender characteristics in mind for
hard and soft tissue measurements will provide the most esthetically pleasing result for
both the patient and treating orthodontist. Numerous studies have evaluated racial and
gender population cephalometric differences. While there are significantly more studies
analyzing the white patient, studies have evaluated black patients and have shown that
black faces differ from other races9-11.
When evaluating the black patient cephalometrically, and specifically comparing
the observations to white patients, Bailey et al9 have shown that blacks tend to have a
more protrusive maxilla with skeletal bimaxillary protrusion, larger ANB angles, and
slightly greater maxillary protrusion than mandibular protrusion. Upper incisors in black
patients are generally much more procumbent, while lower incisors are both more
procumbent and protrusive in comparison to white norms.9-21 Additionally, black
patients tend to show larger, longer (due to increased lower face height), wider and more
convex faces with more acute interincisal angles, longer mandibular bodies and larger
teeth8,9,11, 22-30.
Anderson et al31 found that there is a wide range of acceptable skeletal positions
with associated dental compensations in black patients. Specifically, they found that an
ANB range of -0.5° to 9.5°, and a WITS of ±6.5mm, was associated with a normal
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occlusion. Upper incisor compensations then ranged from 12°-39° and 3mm-14 mm
when evaluating upper incisor position relative to the NA line. Lower incisor
compensations ranged from 17°-47.5°, and 3 mm -17.5 mm, when evaluating lower
incisor position relative to the NB line.
As we are aware, there are limitations to cephalometrics. Multiple studies have 14,
32-41

shown the soft tissue covering the teeth and bone can vary so greatly that the

dentoskeletal pattern may be inadequate in evaluating facial disharmony.
Cephalometrics, models, and facial analysis together should provide the cornerstones of
successful diagnosis.
Race-Specific Facial Analysis
Orthodontic, oral surgery, and even general dental literature is full of additional
analyses and considerations in diagnosing and treatment planning with consideration of
the soft tissue profile. Ancient Greeks identified the divine proportion, 1:1.618, as the
ratio to describe that, which is “ideal”. As cephalometrics evolved into a clinically useful
tool, analyses used to describe ideal facial esthetics developed. For example, Holdaway,
having identified the H-Angle as that made by a line tangent to the chin and upper lip
with the NB line, said the “ideal” face has an H-angle of 7 degrees to 15 degrees.42
Ricketts, having identified the E-Line as the distance from the lower lip to a line tangent
to the chin and pronasale, said the “ideal” position of the lower lip is approximately 2
mm behind this line.43 Merrifield, having identified the Z-Angle as the angle formed by
the Frankfort Horizontal Plane and a profile line formed by the chin and most
procumbent lip, said the “ideal” lower face relationship of an adult is 80 degrees.44
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“…I look at many of the show people and I can tell which Black people were
treated by white orthodontists and which ones were treated by Black
orthodontists. You look at the rabbit effect when they’re treated by the white
orthodontist, because they treat within a Black face [to] the standard of the
white.”45
- Elisha Richardson, June 1991
Black Dentistry in the 21st Century

In comparison to white patients, black patients frequently present to the
orthodontic clinic with a chief complaint of dental protrusion. Many studies have been
conducted to evaluate the effects of extraction vs. non-extraction therapy on the profiles
of white patients, while few have evaluated the effect on black patients. Hagler et al12
determined that, on average, extraction treatment results in 2 mm less procumbency at the
upper lip and 4 mm less procumbency in the lower lip in black patients. Thus, it is
apparent that the decision to extract should consider the soft tissue matrix and racespecific preferences.
Many studies46-54 have evaluated preferences for optimal esthetics when
evaluating soft tissue profiles. Nomura et al determined that “the race or ethnicity of
evaluators and patient race or ethnicity and sex significantly influence standards for lip
profile esthetics.”55 The study specifically evaluated judges’ preferences for lip position
in relation to Ricketts’ E-Plane, which is frequently mentioned in orthodontic literature
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when discussing facial esthetics. The authors determined that the average preferred lip
positions when evaluated by African American judges was -2.13 ± 1.95 mm in relation
to Ricketts’ E-Plane. Interestingly, the preferences of the European American judges did
not significantly differ from the African American judges, however, it was shown that the
African American judges preferred more protrusive (albeit still behind E-Plane) profiles
than their Hispanic or Japanese peers.
Nomura et al55 also found that all judges preferred more protrusive lip profiles for
African American patients when compared to Japanese or European American patients.
Polk et al52 corroborated these results, but also showed that male and female black
patients prefer flatter facial convexity as well. Thus, it is apparent that black patients, as
with all patients, should be treatment planned with patient input and with significant
consideration of the soft tissue matrix.
General Considerations in Treatment of a Borderline Malocclusion
One could argue that the profound importance of facial esthetics is of greater
magnitude when diagnosing and treatment planning “borderline” cases. But, history has
shown that an agreement on the determining factors in treatment planning is lacking.
Case believed the facial outline should be regarded as an important guide in determining
treatment when correcting a malocclusion and Tweed concentrated on the position and
inclination of the mandibular incisors in relation to the basal bone. If crowding dictates
the need for extraction, facial balance must influence which teeth are extracted, the type
of anchorage required and how spaces are closed.32-33
Scott et al56 showed that panels composed of different races differed in their
estimate of when a patient would benefit from extractions in order to reduce the profile
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protrusion. They found that white panelists preferred to extract to improve the patient’s
profile when the lower lip was at least 2 mm in front of Ricketts’ E-plane. As expected,
black panelists determined this threshold point to be more forward, at 4 mm in front of
Ricketts’ E-plane. Thus, all other characteristics of the patient being equal, it could be
viewed that the final determinant of an orthodontic treatment plan should be based on the
finding that panelists tended to agree that convex profiles are improved by extraction, but
relatively straight profiles are made worse.
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III. PURPOSE OF THE PRESENT STUDY
The purpose of this study is twofold: first, to determine if a group of faculty at the
University of Maryland Department of Orthodontics determines there to be equal
numbers of extraction and nonextraction cases in treatment planning borderline Class I
malocclusions in black patients, and second, to determine the variables that are most
important in the diagnosis and evidence-based treatment planning of borderline Class I
Malocclusions in black patients.
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IV. HYPOTHESES
Null Hypotheses
H0 (1): There is no significant difference in the percentage of extraction and nonextraction cases when treatment planning borderline Class I malocclusions in
black patients.
H0 (2): There are no cephalometric or study model variables that stand out statistically
over any others as indicators of borderline Class I malocclusions in black patients.
Research Hypotheses
H1 :

There is a significant difference in the percentage of extraction and non-extraction
cases when treatment planning borderline Class I malocclusions in black patients.

H2 :

The cephalometric and study model variables that stand out statistically as
indicators of borderline Class I malocclusions in black patients are:
1. Upper Protrusion (U1-SN)
2. Upper Crowding
3. Lower Protrusion (L1-NB)
4. Lower Crowding
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V. MATERIALS AND METHODS
Part I – Evaluation of Hypothesis 1
Approval of the present protocol was obtained from the Institutional Review
Board (IRB) of the University of Maryland, Baltimore (Figure 1).

Figure 1. Schematic of Methods and Resulting Sample Size
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A list of all black patients having completed initial orthodontic records within the last
three years at the University of Maryland Department of Orthodontics (Initial PreDiscriminant Sample) was generated using a custom Crystal Report through Axium
(Exan Academic, Las Vegas, NV). Specifically, the Report indicated the following: the
patient’s Axium chart number, the patient’s first and last names, the date Orthodontic
Records (code D8660) were completed, and the faculty member assigned to the case.
This list was saved electronically on a password protected MacBook Pro Laptop. The
initial report resulted in 171 subjects (Table 1).

Table 1. Sample Determination

A preliminary review of the Initial Pre-Discriminant Sample was completed
through inspection of the initial panoramic radiograph, stored in Dolphin Imaging
(Patterson Dental Supply, Chatsworth, CA), for the presence of all permanent teeth,
excluding third molars. Complete initial orthodontic records, including past medical
history, past dental history, results of clinical examination, PA cephalometric radiograph,
lateral cephalometric radiograph, intraoral photographs, extraoral photographs and study
models were also evaluated. Patients were excluded based on the following criteria:
radiographic absence of any natural permanent tooth (except third molars) in either
maxillary or mandibular arch; presence of a dental prosthesis replacing a permanent
tooth; presence of a supernumerary tooth, either radiographically or clinically; presence
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of any pathology (except caries determined not to affect the long-term prognosis of the
tooth) and any previous orthodontic treatment (Appendix A). The sample that resulted
was labeled Pre-Discriminant Sample and contained 139 subjects (Table 1).
Next, the Pre-Discriminant Sample was made more specific by only including
those cases characterized by a Class I malocclusion and was thus identified as Class I
Pre-Discriminant Sample.

A Class I malocclusion was defined as the interdigitation of

the maxillary first molar mesiobuccal cusp into the buccal groove of the mandibular first
molar.3 Therefore, for this study, the following definition was used:
Class I:

A millimeter range of anteroposterior (A/P) position of the
maxillary first molar mesiobuccal cusp, from interdigitating in the
buccal groove of the mandibular first molar (0.0 mm) to 1.0 mm
anteroposterior to this position.

Patient study models were located within the University of Maryland Department of
Orthodontics using the patient’s Axium number. At this stage, only 57 subjects remained
(Table 1).
A custom cephalometric analysis, “Borderline Analysis Final,” was created based
on the measurements used in the literature57 (see Appendix B) to define borderline
malocclusions within Dolphin Imaging. This analysis was run on lateral cephalograms
previously traced by the resident assigned to each case. Using the Class I PreDiscriminant Sample list, the lateral cephalometric measurements from the “Borderline
Analysis Final” were copied using the “Copy the measurements to the Windows
clipboard” function for each patient. These measurements were then pasted into an Excel
spreadsheet (Microsoft Excel for Mac 2011, Microsoft Corporation). The following
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information was included in the spreadsheet: Patient Axium number, Faculty Assigned,
Resident Assigned, and Treatment Plan (Extraction/Non-extraction).
Next, the study models were evaluated for those measurements determined to be
57

useful in a previous study . These measurements were entered into the same Excel
spreadsheet as the cephalometric measurements (See Appendix C).
Once all data was entered into the Excel spreadsheet, the patients were listed in
alphabetical order and then given a sequential Arabic number, beginning with one. A
separate Excel spreadsheet was created, which included all patient identifiers included in
the initial spreadsheet with the assigned number. At this time, all patient identifiers were
removed from the spreadsheet containing the measured data and only the assigned
number remained to serve as identification. The protected spreadsheet was solely used
for data evaluation from hereon.
As performed in prior studies13,57, the cephalometric and study model variables
and measurements for the Class I Pre-Discriminant Sample were then evaluated using
Discriminant Function Analysis (SPSS Base 20.0 statistical package (SPSS, Inc;
Chicago, IL)) to determine which subjects were considered borderline Class I
malocclusions in black patients. Each subject was assigned either a 0, for initial nonextraction treatment plan, or a 1, for initial extraction treatment plan. In standardized
form, the discriminant function was then used to generate confounder summarizing
discriminant scores for each of the subjects. A group probability (P) value less than 0.98
indicated a patient whose malocclusion was considered borderline. The resulting sample
of 15 subjects (Table 1) was identified as Borderline Class I Malocclusions (see
Appendix D).
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A paper patient chart was then created for each of the 15 patients, which included
the complete set of orthodontic records except for the study models. All patient
identifiers were eliminated from the patient charts. Black banners were placed on all full
facial photographs to cover the eyes of each patient. The charts were then labeled
sequentially, from 1-15. These numbers were documented in the Excel spreadsheet to
indicate which chart corresponded to which patient.
A request for participation in this study was communicated to all Orthodontic
faculty members in the Department of Orthodontics at the University of Maryland.
Fourteen of nineteen possible faculty members, including one black faculty member and
one solely Damon practitioner, participated in this phase of the study. One of the 19
faculty members did not participate as he served as a mentor for this study. The
remaining four faculty members did not participate due to time constraints. Complete
orthodontic records (see Appendix A), including the paper patient chart and study
models, were provided to those orthodontic faculty members who agreed to participate.
The fourteen faculty members were asked to develop treatment plans for each of the 15
cases, indicating only whether he/she would extract or not, and if so, which teeth he/she
would extract. Each was asked to provide his/her answer on a form (Figure 2), only
indicating the protected chart number, faculty name and treatment plan. The percentage
of extraction vs. non-extraction decisions for each case and for each individual faculty
member was then determined.
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A Chi-square goodness of fit test was used to compare these percentages with their
expected percentages to determine if there were any differences between extraction and
non-extraction percentages.

Figure 2. Treatment Plan Form

Part II – Evaluation of Hypothesis 2
The cases proving to have the most consistent treatment plans (any case showing
an extraction rate of below 25.0% or above 75.0%) from the sample of borderline Class I
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malocclusions were then identified. Four cases had a Group Probability value of less
than 0.72 and were eliminated from the sample. This resulted in a sample of 11 patients
and was labeled Final Borderline Class I Malocclusions (Table 1). See Appendix E for a
comparison of initial treatment plans with the treatment plan found by the 14 faculty
evaluators in this study.
A Stepwise Forward Logistic Regression Analysis (SPSS Base 20.0 statistical
package (SPSS, Inc; Chicago, IL)) was then used to determine those cephalometric and
study model variables that stand out statistically over any others as indicators of
borderline Class I malocclusions in black patients.
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VI. RESULTS
Part I – Evaluation of Hypothesis 1
The results of the first stage of this study, which evaluated the percentage of
extraction and non-extraction cases when treatment planning borderline Class I
malocclusions in black patients, were as expected: the null hypothesis was rejected. As
14 faculty members evaluated 15 cases each, a total of 210 analyses were completed.
Significantly more (X2=4.876, p = 0.027) extraction cases were reported (57.6%) than
non-extraction cases (42.4%, Table 2).

Table 2. Extraction vs. Non-Extraction

In 66.9% of the extraction plans involved only first bicuspids, 19.0% involved first and
second bicuspids, 10.7% involved only second bicuspids and 3.4% involved only one
lower incisor (Table 3).

Table 3. Extraction Patterns

Two cases were found to have unanimous extraction decisions, while none were found to
have unanimous non-extraction decisions (Table 4). Four of the 15 cases (1, 2, 5 and 6)
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did not provide definitive data based on the panel extraction rate responses to be
confidently categorized as extraction or non-extraction (Table 4).

Table 4. Result of Discriminant Analysis and Elimination of 4 Cases

The percent extraction for these four cases was found to be greater than 25% but less than
75%. These four cases also proved to have the lowest group probability (P) value during
the initial Discriminant Analysis (Table 4).
Of the remaining 11 cases, five (3, 11, 12, 14 and 15) were confidently categorized as
non-extraction and 6 cases (4, 7, 8, 9, 10 and 13) were confidently categorized as
extraction (Table 5). Additionally, nine of the 11 cases identified as being confidently
categorized were found to be in agreement with the initial treatment plan, while only two
of the 11 were not (cases 4 and 10). Case 4 had the fifth lowest group probability (P)
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value, 0.800, while Case 10 had the eighth lowest group probability (P) value, 0.857,
during the initial Discriminant Analysis.

Table 5. Final 11 Borderline Class I Malocclusions

Two of the faculty members (3 and 7) were found to extract more frequently as
determined by exceeding one standard deviation above the average for the group. Three
of the faculty members (5, 9 and 10) were found to extract less frequently as determined
by falling one standard deviation below the average for the group (Table 6).
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The mean faculty extraction rate was 57.0% +/- 13.8% with a median extraction rate of
60% (Table 6).

Table 6. Faculty Extraction Frequency
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Part II – Evaluation of Hypothesis 2
The results of the second stage of the study determined cephalometric and study
model variables that stand out statistically over any others as indicators of borderline
Class I malocclusions in black patients. The variables proved to be different than those
hypothesized. The null hypothesis, which stated that no variables were more important
than others, was rejected. The two most important and statistically significant variables
were determined to be overbite, followed by interarch midline discrepancy, which were
both study model variables. WITS, a cephalometric variable, approached significance.
Three cephalometric variables (IMPA, U1-SN and L1-NB (degrees)) were determined to
be non-significant as were three study model variables (lower crowding, overjet, and
upper crowding). While upper and lower crowding were both shown to differ
significantly between the extraction and non-extraction groups, both variables proved to
be non-significant in the evidence – based treatment decision (Table 7).
Overbite was determined to have the greatest statistical significance in determining
the evidence – based treatment plan (p = 0.017) with additional significant information
provided by interarch midline discrepancy (p =0.019). However, as determined by the
forward logistic regression analysis, 100% predictability was only detected with the
inclusion of all nine variables. An overbite of 3.4 mm +/- 2.7 mm (median 2.8 mm) was
associated with extraction treatment plans while an overbite of 1.7 mm +/- 1.1 mm
(median 1.8 mm) was associated with non-extraction treatment plans.
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An interarch midline discrepancy of 1.1 mm +/- 0.9 mm (median 1.3 mm) was associated
with extraction treatment plans while an interarch midline discrepancy of 0.8 mm +/- 1.3
mm (median 0.2 mm) was associated with non-extraction treatment plans (Table 7).

Table 7. Final Sample Descriptive Measurements
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VII. DISCUSSION
The definition of the adjective “borderline” according to Webster’s dictionary is to be
“on the edge of one category and verging on another.”7 When used in orthodontics, we
most commonly use this term to describe whether a case is best treated by extraction or
not. For a borderline case, some of our colleagues would treat with expansion, “arch
development,” dental compensation, interproximal reduction, etc. while the others would
remove teeth.
A group of faculty analyzing the borderline cases in this study resulted in a decision
of extraction 57% of the time and non-extraction 43% of the time. An observation was
made that neither the black faculty member, nor the Damon practitioner, differed
significantly from the mean extraction rate. Both faculty members’ mean extraction rate
fell within one standard deviation of the mean for the entire group of 14 faculty members.
A secondary conclusion was that in those cases chosen to require extractions during the
faculty evaluation in Part I, four first bicuspids were extracted approximately two-thirds
of the time. Due to the bimaxillary dentoalveolar protrusion present in many black
patients, it is not surprising that first bicuspids were extracted as frequently as they were.
The primary goal of this study was to provide a scientific basis for diagnosing and
treatment planning borderline cases based on data obtained from the faculty of the
University of Maryland Department of Orthodontics. One should note that due to the
limited number of cases proving to be borderline, the results and conclusions of this study
should be referred to cautiously.
Central to treatment planning any orthodontic case is the tooth size - arch length
discrepancy (TSALD) within each arch. All things being equal, an arch that has spacing
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is more likely to be treated non-extraction than one that has crowding. As expected, the
cases in this study that showed more crowding tended to be treated with extractions while
those cases with spacing were treated non-extraction. Historically, the lower arch has
been the foundation of treatment planning, with lower incisor position being the primary
focus. Recently, there has been a paradigm shift to focusing more on the position of the
upper incisors to maximize facial esthetics, and if compromise is to occur, sacrificing
lower incisor position to accommodate facial esthetics. Again, while both upper and
lower crowding were found to significantly differ statistically between the extraction and
non-extraction groups quantitatively, both proved to be non-significant in determining the
evidence-based treatment plan (Table 7). Nonetheless, lower crowding proved to be
more likely to have an impact on the treatment decision than upper crowding.
Since upper and lower crowding were the only variables to significantly differ
statistically between the two groups, we must question why these variables were not
central to the evidence – based treatment decision. When evaluating the results, it is
imperative to remember that the cases being analyzed were determined to be borderline
extraction or non-extraction cases. Thus, crowding was not central to the treatment
decision of these borderline cases, although it was statistically significant when
evaluating the measurements of the groups. Therefore, it is important to remember that
upper and lower crowding are important variables to evaluate in every case, but when
faced with a case that does not lend itself toward an extraction or non-extraction decision,
other variables should carry more emphasis when formulating the evidence-based
treatment plan.
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In discussing a borderline Class I malocclusion in black patients, one of the most
common focal points revolves around the bimaxillary dentoalveolar protrusion that is
frequently present. Excess proclination impacts the anterior soft tissue drape, often times
resulting in excessive lip incompetency. As we know, excess proclination of the
dentition requires space to correct. In cases with excessive upper and lower incisor
proclination, all other things being equal, an orthodontic treatment plan is more likely to
involve extraction than not.
This study showed that upper (U1-SN) incisor proclination was not significant when
determining the evidence - based treatment plan as upper incisor proclination was
minimally greater in the non-extraction group. Lower incisor proclination was also not
significant in formulating the evidence – based treatment plan. Although not directly
tested, it was noted that L1-NB had an inverse relationship to extracting while IMPA
proved to have a direct relationship to extracting, as increased IMPA was associated with
extractions.
In a Class I malocclusion, overjet tends to be minimal unless affected by a
significantly malpositioned tooth or teeth. However, one might see excess overjet in
Class I cases when a digit habit results in excessive lower anterior crowding and upper
anterior proclination. Nonetheless, in a Class I malocclusion, one would not expect
overjet to be a significant determinant of extraction or non-extraction treatment plans,
especially when considering the importance this variable plays in evaluating Class II and
Class III malocclusions. As expected, overjet played a non-significant role in
formulating the evidence-based treatment plan and proved to be approximately the same
in both groups.
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In any case, identifying the underlying skeletal relationship is crucial to
understanding the resulting dental occlusion. In black patients, one is more likely to see
excessive facial convexity as a result of an increased maxillomandibular difference
(compared to white patients) shown through the ANB or WITS measurements. This
skeletal relationship, in addition to a more relaxed tonus of the soft tissue drape, results in
the proclination of the upper and lower incisors in most black patients. In black
individuals with an ideal skeletal relationship, one would expect to be able to
accommodate the dentition within the skeletal housing without the need for extraction.
However, in a black individual with either an excessively positive or negative ANB or
WITS measurement (in comparison to black norms), one might expect that extractions
would be necessary to accomplish an ideal dental relationship. Those patients with a
more negative WITS measurement were more likely to require extraction therapy than
those patients whose WITS measurement was closer to zero or slightly positive.
One important goal of orthodontic treatment is to coordinate upper and lower
midlines with each other and with the patient’s facial mid-sagittal plane. Dental midline
discrepancies can be the result of many factors, such as facial asymmetry due to an
asymmetric mandible, or dental arch asymmetry resulting from early loss of a primary
tooth with subsequent space loss. Since no cases in this study had midline discrepancies
resulting from significant skeletal asymmetries, any significant interarch midline
discrepancy would be dental in nature. Interach midline discrepancy proved to be
significant in determining the evidence - based treatment plan, with discrepancies one
millimeter or larger most likely requiring extraction therapy. While it was expected that
the extraction group would have larger interarch midline discrepancies than the non-
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extraction group, the average discrepancy for the extraction group was 1.1 mm in
comparison to 0.8 mm for the non-extraction group. Again, this result should be taken
with caution due to the small sample size.
Not infrequently, black patients with Class I malocclusions present with minimal
overbite or an anterior open bite, excess upper and lower incisor proclination, and
generalized spacing resulting from the skeletal base discrepancy and lack of tonicity in
the orofacial musculature. Because of the increased prevalence of anterior tongue
position and relaxed muscle tonicity in these patients, increasing the overbite or closing
an anterior open bite is challenging and retaining the overbite proves to be even more
difficult. As we know that the orofacial musculature plays a large role in tooth
positioning, it would be reasonable to assume that a black patient presenting with normal
to increased overbite is most likely to have a more retruded resting tongue position and
more tonicity in the soft tissue drape. From a treatment planning standpoint, maintaining
anterior incisor contact and overbite in these patients is a significant goal, but is of much
less concern than in a patient presenting with minimal to no overbite to begin with.
While the importance of overbite was expected, it was very interesting that dental
overbite proved to be the most significant variable in determining an evidence - based
treatment plan of borderline Class I malocclusions in black patients. Those patients
presenting with less overbite were more likely to be treated with a non-extraction
approach than those with more overbite. While not measured in this study, one would
assume that resting tongue position and soft tissue tonicity were significant cofactors in
contributing to this decision.
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VIII. CONCLUSIONS
The results for the difference in the percentage of extraction and non-extraction cases
when treatment planning borderline Class I malocclusions in black patients proved to be
consistent with the definition of a borderline case. Due to the limited study sample, no
definitive conclusions can be made regarding the significance of the variables in
determining the evidence - based treatment plan. One can make several inferences,
however, that must be interpreted with caution. Therefore, the conclusions of this study
were as follows:
1.

The null hypotheses for Part I and Part II were rejected.

2.

A group of faculty at the University of Maryland Department of Orthodontics
extracted 57% of the time when evaluating borderline Class I malocclusions in
black patients.

3.

The most common extraction pattern in black patients with borderline Class I
malocclusions is the extraction of all four first bicuspids (approximately twothirds of the time).

4.

Dental overbite proved to be the most statistically significant variable when
treatment planning borderline Class I malocclusions in black patients. Less
overbite was more indicative of a non-extraction approach than more overbite.

5.

Interarch midline discrepancies proved to be the second most statistically
significant variable when treatment planning borderline Class I malocclusions
in black patients. Less discrepancy was more indicative of a non-extraction
approach than more discrepancy.
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6.

The WITS variable approached statistical significance. A more negative
WITS was more indicative of an extraction approach than a more positive
WITS.

7.

Lower crowding, overjet, IMPA, U1-SN, L1-NB and upper crowding were
non-significant in the treatment decision.

8.

A treatment plan with 100% predictability can be obtained by analyzing all
nine variables: overbite, interarch midline discrepancy, WITS, lower
crowding, overjet, IMPA, U1-SN, L1-NB and upper crowding.
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IX. APPENDICES
Appendix A – Inclusion/Exclusion Criteria
Inclusion Criteria
Orthodontic treatment started at the University of Maryland Department of Orthodontics
Clinical or Radiographic presence of all permanent teeth (except third molars)
Complete Initial Orthodontic Records consisting of:
Past Medical History
Past Dental History
Clinical Examination
Panoramic Radiograph
PA Cephalometric Radiograph
Lateral Cephalometric Radiograph
Intraoral Photographs:
Frontal Intraoral
Maxillary Occlusal
Mandibular Occlusal
Right Buccal
Left Buccal
Extraoral Photographs:
Frontal Repose
Frontal Smiling
Profile Repose
Study Models
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Exclusion Criteria
Radiographic absence of any natural permanent tooth (except third molars) in either
maxillary or mandibular arch
Presence of a dental prosthesis replacing a permanent tooth
Presence of a supernumerary tooth, either radiographically or clinically
Presence of any pathology (except caries determined not to affect long-term prognosis of
tooth)
Any previous orthodontic treatment

33
Appendix B – Cephalometric Borderline Analysis Variables
Linear
Overjet
Overbite
Wits
Upper E Plane
Lower E Plane
U6-PTV
U1-NA
L1-NB
L1-APog
Ar-Gn
Pog-NB
N-ANS
ANS-Me
N-Me
S-Ar
S-Go
Angular
SNA
SNB
ANB
Y Axis
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PP-OP (PP-SN – this measurement will be subtracted from OP-SN to obtain PP-SN)
OP-SN
Interincisal Angle
U1-SN
U1-NA
L1-NB
Z Angle
FMA
FMIA
IMPA
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Appendix C – Study Model Analysis
Individual Tooth Size
Bolton Analysis
Upper Canine Arch Width – Cusp tip to Cusp tip
Lower Canine Arch Width – Cusp tip to Cusp tip
Upper Second Premolar Arch Width – Lingual margin at long axis to Lingual margin at
long axis
Lower Second Premolar Arch Width – Lingual margin at long axis to Lingual margin at
long axis
Upper Molar Arch Width – Lingual margin at long axis to Lingual margin at long axis
Lower Molar Arch Width – Lingual margin at long axis to Lingual margin at long axis
Upper Arch Length (Mesial 6 - Contact of 1’s - Mesial 6)
Lower Arch Length (Mesial 6 - Contact of 1’s - Mesial 6)
Upper Arch Length (Mesial 6 - Mesial 3 - Contact of 1’s – Mesial 3 – Mesial 6)
Lower Arch Length (Mesial 6 - Mesial 3 - Contact of 1’s – Mesial 3 – Mesial 6)
Upper Arch Circumference (Measured with a copper wire from Mesial of 6 to Mesial of
6)
Lower Arch Circumference (Measured with a copper wire from Mesial of 6 to Mesial of
6)
Upper Discrepancy Length (Based on the four-segment measure of arch length)
Lower Discrepancy Length (Based on the four-segment measure of arch length)
Upper Discrepancy Circumference (Based on the Arch Circumference)
Lower Discrepancy Circumference (Based on the Arch Circumference)
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Lower Anterior Irregularity
Upper Arch Symmetry (separate measures of right and left dental arch width measured at
the molars taken at the midline)
Lower Arch Symmetry (separate measures of right and left dental arch width measured at
the molars taken at the midline)
Overjet – measured from the facial of the most anterior lower incisor to the facial of the
most anterior upper incisor)
Overbite
Interarch Midline Discrepancy – the horiztonal distance, parallel to the occlusal plane,
between the most incisal midline points of the upper and lower central incisors
Curve of Spee – measured as the greatest depth along the curve.
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Appendix D – 15 Borderline Cases

38
Appendix E – Final 11 Borderline Cases
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