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ABSTRACT 

Evaluation of Mandibular Anterior Alveolus in Different Skeletal Patterns 

Nga Hoang, DDS 

 

Objective: To compare the alveolar bone thickness of mandibular incisors in individuals 

with mandibular low-, average-, and high- angle skeletal patterns BEFORE orthodontic 

treatment, to measure alveolar bone loss and root resorption of mandibular incisors in the 

three skeletal patterns AFTER orthodontic treatment, and to link condylar morphology to 

the different skeletal patterns, using cone-beam computed tomography.  

Methods: Pretreatment CBCT images of 75 non-growing individuals, 25 in each of 3 

groups: low-angle (SN-MP ≤ 28   average- angle (30-37 , and  high-angle (≥39 , were 

analyzed. Buccal-lingual bone thickness was measured at the root apex, mid-root, and at 

the alveolar crest of the mandibular right central incisor. Post-treatment CBCT images of 

11 low-angle, 20 average-angle, and 27 high-angle patients were compared to their pre-

treatment images to determine changes in the alveolus and mandibular incisor after 

orthodontic treatment. 20 pre-treatment CBCTs in each skeletal group were also 

evaluated to characterize their pre-existing temporomandibular joint morphology. 

Results: ANOVA test showed that the buccal-lingual width at the apex of the mandibular 

incisor was significantly different between the three groups (p-value=0.000). A 

Bonferroni correction showed that the bone supporting the mandibular incisor in low-

angle individuals was significantly thicker than that of average and high-angle 

individuals (p-value=0.000), but that the difference was not significant between those 

with average and high angles (p-value=0.059). The pretreatment TMJ evaluation 
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indicated that high angle subjects had a higher prevalence of signs of degenerative joint 

disease, but this difference was not statistically significant (Fisher’s exact, p = 0.09). 

Evaluation of post-treatment changes showed that high-angle subjects had more external 

root resorption when compared to those with average and low-angles, but the buccal-

lingual bone thickness changes were minimal (ranged from 0.24mm to 0.58mm).  

Conclusions: Negative sequelae of orthodontic treatment is more frequently found in 

individuals with high-mandibular plane angle, and could be linked to their thin pre-

existing mandibular buccal-lingual widths. Individuals with a narrow alveolar ridge have 

a narrow envelope in which teeth can be moved safely. 

Keywords: high angle, hyperdivergent, mandibular symphysis, alveolar bone, external 

root resorption, bone loss, TMJ morphology, CBCT 
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INTRODUCTION 

Background 

There are three basic types of facial vertical growth pattern: low-angle 

(hypodivergent), average-angle (normodivergent), and high-angle (hyperdivergent). The 

low-angle skeletal pattern is characterized by reduced vertical growth, usually 

accompanied by a deep anterior overbite, reduced facial heights, and a reduced sella-

nasion (SN)-mandibular plane (MP) angle. (1) The high-angle skeletal pattern is just the 

opposite, with excessive vertical facial growth, usually associated with a shallow anterior 

overbite or open bite, and increased SN-MP angles. (2) The average-angle skeletal 

pattern lies between these two groups.  

Biologic factors such as the supporting bone and thickness of the cortical plate as 

well as biomechanical factors are closely related and determine the potential side effects 

of orthodontic treatment, such as external root resorption, gingival recession, dehiscence, 

and fenestration. (3) Proffit and Ackerman described the limitations of orthodontic 

treatment with “envelopes of discrepancy,” outlining the boundaries of malocclusions 

that can be treated with orthodontics alone, as well as the malocclusions that would 

require orthopedic changes or orthognathic surgery. (4) The dimensions of the 

mandibular alveolus appear to limit orthodontic treatment. Challenging these boundaries 

may lead to iatrogenic sequelae. Studies have shown that even though movement of teeth 

through cancellous bone causes compensatory remodeling of the bone, cortical bone does 

not exhibit the same level of plasticity. Consequently, when teeth are moved 

orthodontically reaching the cortical plate, their movement is arrested as they contact the 

cortical plate.   High pressure causes the teeth to continue moving, leading to fenestration 

or dehiscence of the bone, or root resorption, rather than remodeling. (5)  It follows that 
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individuals exhibiting a narrow alveolar ridge would also have a narrow envelope in 

which their teeth could safely be moved.  Identifying patients that are predisposed to 

narrow ridges would be invaluable in clinical practice, in order to help prevent iatrogenic 

sequelae from treatment. 

 Several studies have demonstrated a correlation between facial type and alveolar 

bone morphology of the mandible.  In 1998, Tsunori et al., using computed tomography 

(CT) to study 39 dry skulls, found a correlation between facial type, mandibular cortical 

bone thickness, and the buccolingual inclinations of the first and second molars.(6) The 

buccal cortical bone was thicker in short-faced individuals compared to average and long-

faced groups, while the lingual cortical bone thickness of the molars was greater. 

Furthermore, basal cortical bone thickness of the incisor section was greater in the short-

faced group. 

In 1996, Handelman studied cephalograms of 107 Caucasian subjects over age 19 

to determine cephalometric norms for the width of the anterior alveolus around the 

maxillary and mandibular incisors.(7)  He divided the individuals into three vertical and 

three horizontal groups to determine whether there was a correlation between facial type 

and alveolar width. He found that vertical growth strongly correlated with alveolar bone 

thickness, with low sella-nasion to mandibular plane (SN-MP) cases displaying thicker 

bone lingual to maxillary and mandibular incisors, and high SN-MP cases displaying 

thinner bone labial to mandibular incisors.  Sagittally, facial growth was not significantly 

correlated with alveolar thickness, with the exception of Class III subjects, who showed 

thin mandibular bone thickness labially and lingually, but not in low angle cases. He 

reached the conclusion, “There appears to be a direct relationship between increased 
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facial and alveolar height and thinness of the alveolar bone. Apparently, as a consequence 

of facial height increase, the incisors erupt to maintain overbite, and the alveolus 

becomes attenuated with thinning of the width between labial and lingual walls.” 

Handelman also included clinical cases in this paper, showing patients with severe 

iatrogenic loss of periodontal support and root resorption when tooth movement 

challenges the “orthodontic walls,” i.e., thin alveolus.  

In 2007, Yamada et al., studied mandibular incisors in prognathic patients using 

computed tomography, and found that a thin alveolar bone, anteroposteriorly, was 

associated with high mandibular plane angle cases, as well as class III cases. (8) They 

found that in adults with mandibular prognathism, when the mandibular central incisor 

was more lingually inclined, the associated alveolar bone would also be more lingually 

inclined. Furthermore, the associated cancellous bone was thinner when the mandibular 

central incisor was lingually inclined. The mandibular central incisor root apex was 

closer to the inner contour of the labial cortical bone than to the lingual cortical bone.  A 

study of maxillary incisors in untreated subjects, also using computed tomography data, 

found that those with short face height had thicker alveolar bone, and long faces had 

thinner alveolar bone. (9) 

More recently, in 2010, Gracco et al.,’s study of 80 pretreatment subjects between 

12 to 40 years of age using computed tomography confirmed the findings of the 

previously published two-dimensional studies in that the total thickness of the symphysis 

was greater in the short-face than in the long-face subjects.(10)  Interestingly, no 

statistically significant differences in the total and cancellous areas of the symphysis were 
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found between the three facial types. In all three groups, the total and cancellous heights 

were greater at the central incisors than at the lateral incisors. 

Significance 

The studies that have been published on facial type and alveolar bone thickness 

seem to conclude that high vertical growth pattern is associated with thin alveolar bone.  

However, most of these studies were done with two-dimensional cephalograms, and only 

looked at pretreatment images. Two-dimensional images are limited by the projection of 

the most anterior and posterior elements of the bone onto the same surface, without a way 

to determine where each extreme falls in the sagittal plane.  Two-dimensional imaging is 

also limited by magnification error. These shortcomings were all well outlined in the 

Gracco paper.(10)  Gracco’s study used three-dimensional imaging, and the findings 

confirmed those of the two-dimensional studies, but it failed to make the connection 

between thin alveolus and clinical sequelae. It can be inferred from Handelman’s 

presentation of some clinical cases in his paper that severe iatrogenic sequelae are 

associated with violation of the boundaries of the alveolus, but his study did not 

systematically investigate this idea. In fact, no published study has presented pre-

treatment and post-treatment data in order to describe the changes to the alveolus and 

mandibular anterior dentition as a result of orthodontic treatment. We expect that by 

using CBCT to evaluate the mandibular anterior alveolus of adults pretreatment and 

posttreatment, we can not only describe a correlation between alveolus and skeletal facial 

type, but also illustrate changes to the alveolus and the dentition after orthodontic 

treatment, making it clinically relevant.  
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 In addition to studying the mandibular symphysis bone in the different facial 

patterns, we also evaluate the temporomandibular joint associated with these facial 

patterns, as we believe that the compensatory growth pattern of the dentition and the 

alveolar bone can depend on the growth characteristics of the condyle. 

Specific Aims 

1) To compare the alveolar bone support (height and width) of mandibular 

incisors in individuals with mandibular low, average-, and high- angle skeletal 

patterns BEFORE orthodontic treatment using cone-beam computed tomography. 

2) To measure alveolar bone loss and root resorption of mandibular incisors in the 

three skeletal patterns AFTER orthodontic treatment. 

3) To link condylar morphology to the different skeletal patterns.  

HYPOTHESIS 

1) There is no difference in the alveolar bone support of mandibular incisors in 

the different skeletal patterns studied (low, average, high angle). 

2) There is no difference in the level of bone loss and amount of external root 

resorption after orthodontic treatment in the three skeletal patterns (low, average, 

high angle). 

3) There is no difference in the condylar morphology in the three skeletal patterns 

(low, average, high angle). 
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PATIENT SELECTION 

1) Patient selection for Aim 1 (Evaluation of Mandibular Anterior Alveolar 

Bone Before Orthodontic Treatment)  

Inclusion Criteria 

Non-growing individuals (aged 18 to 40 years old at time of the cone-beam 

computed tomography scan (CBCT), whose scans were taken at the DDI Imaging Center 

in Sacramento, California, and whose personal identifying information were removed 

except for the birthdate, were categorized into low, average, and high mandibular angle 

skeletal patterns based on the sella-nasion to mandibular plane (SN-MP) angles as 

determined by their cephalometric tracings:  Low angle cases were:  28 degrees; 

average angle: ≤ 30-37 degrees; high angle: ≥39 degrees. 75 subjects were chosen at 

random but with the following criteria:  Low Angle: N=25; Average Angle: N=25; High 

Angle: N=25. 

Exclusion Criteria  

 Subjects were excluded if they were growing patients at the time of the scan, had 

previous orthodontic treatment before the initial CBCT scan, or had any type of 

craniofacial anomaly. 
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2) Patient selection for Aim 2 (Evaluation of Bony and Tooth Changes After  

Orthodontic Treatment)  

Inclusion Criteria 

All individuals who were seen at the UCSF Division of Orthodontics Clinic 

between the dates of January 2005 to July 2012, and were considered non-growing at the 

time of the pretreatment CBCT scan, verified by superimposition of initial and final 

lateral cephalograms. Patients were categorized into low, average, and high mandibular 

angle skeletal patterns based on the sella-nasion to mandibular plane (SN-MP) angles as 

determined by their cephalometric tracings:  Low angle cases were:  28 degrees; 

average angle: ≤ 30-37 degrees; high angle: ≥39 degrees.  58 patients were chosen at 

random, but with the following criteria: Low Angle: N=11 patients, Average Angle: 

N=20 patients, High Angle: N=27 patients 

Exclusion Criteria 

Subjects were excluded if they had previous orthodontic treatment before the 

initial CBCT scan, had orthognathic surgery, or a craniofacial anomaly. 

3) Patient Selection for Aim 3 (Temporomandibular Joint Classification of 

Different Skeletal Patterns) 

Inclusion Criteria: All patients seen at the UCSF Division of Orthodontics Clinic 

between the dates of January 2005 to July 2012, and were between the ages of 18 and 40 

years at the time of the pretreatment CBCT scan were entered into a random search. 

Patients were categorized into low, average, and high mandibular angle skeletal patterns 

based on the sella-nasion to mandibular plane (SN-MP) angles as determined by their 
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cephalometric tracings:  Low angle cases were:  28 degrees; average angle: ≤ 30-37 

degrees; high angle: ≥39 degrees.  60 patients were chosen at random with the following 

division: Low Angle: N=20 patients, Average Angle: N=20 patients, High Angle: N=20 

patients 

Exclusion Criteria: Patients who are still growing (<18 years old), or over the 

age of 40. 
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METHODS  

Aim 1: Evaluation of Mandibular Anterior Alveolar Bone Before Orthodontic 

Treatment 

Using Anatomage Invivo5 (Anatomage, San Jose, CA), sagittal slices were taken 

through the middle of the root canal, at the midpoint of the long axis of the right central 

incisor, with the assumption that the bony support of the left and right central incisor 

should be the same (Figure 1). 

 

Figure 1:  Horizontal view through the mandibular dentition indicating the location of the 

sagittal slices to evaluate the alveolar bone and teeth. The slice through the center of the 

root canal (middle slice on the right) is then used for measurement of the tooth and 

surround bony support. 

 

From the sagittal slice of the center of the incisor, pre-treatment measurements were 

taken as shown below (Figure 2). 
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Figure 2:  Schematic of measurements taken through the sagittal view of the tooth and 

mandibular alveolar bone. CHB: crestal height buccal, measured from CEJ to buccal 

crestal bone. CHL: crestal height lingual, measured from CEJ to lingual crestal bone. 

LA: lower anterior bone thickness at apex. LP: lower posterior bone thickness at apex. 

Crest Width: the width of the alveolar bone from buccal crestal bone to lingual crestal 

bone. CEJ Width: the width of the CEJ. Root Length: measured from incisal tip to apex 

of root. Width at Apex: width of the alveolar bone at the apex of the tooth, perpendicular 

to the long axis of the tooth. 

 

Reproducibility Measurement 

To test intra-observer reliability, the measurements were repeated for thirty (30) patients; 

10 low-angle, 10 average-angle, and 10 high-angle patients, 1 month apart by the same 

investigator.  A small difference in the measurements at the two observation times would 

indicate a method that is reproducible. 

Aim 2: Evaluation of Bony and Tooth Changes After Orthodontic Treatment 
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Using the Invivo5, Anatomage software, superimpositions of the pre-treatment and post-

treatment scans were completed using five landmarks under the Point Registration 

Module of the software: mental foramen (left and right), nasion, and orbitale (left and 

right; Figure 3). 

 

Figure 3:  Under the superimposition module of Anatomage, load the pre-treatment 

CBCT scan (displayed as bone-colored), then import the post-treatment CBCT scan 

(displayed as blue). Begin superimposition using the Point Registration tool. 

 

The two volumetric images were then adjusted by the investigator to make the two 

images superimpose after using the Point Registration Superimposition module (Figure 

4). 
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Figure 4:   The superimposition of the two images from the pre-treatment and post-

treatment scans were verified by evaluating the structures in the three planes using the 

midsagittal, axial, and coronal views. 

 

The superimpositions were verified on the axial view (Figure 5) 

 
Figure 5:   Axial view of the patient with superimposition of the two time points using 

tooth-colored (timepoint 1) and blue (timepoint 2).    
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The superimpositions were also verified on the cranial base (Figure 6). 

 
Figure 6:  Midsagittal views of the two timepoints of the patient, superimposed.   

 

 

The treatment changes were assessed from measurements shown in (Figure 7) by first 

evaluating the pre-treatment scan (Figure 8), then toggling to the post-treatment scan 

(Figure 9). 
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Figure 7:   Schematic of measurements determined from a sagittal view of the tooth 

outlining the width and distances to determine changes in the tooth and alveolar bone. 

 

 
 

Figure 8:  Pre-treatment CBCT scan of one patient, through the center of the root canal of 

the lower incisor. Measurements as diagramed in Figrue 7 are taken. 
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Figure 9:  Post-treatment CBCT scan of the same patient. From the two superimposed 

images, this post-treatment midsagittal slice is taken through the same point as in the 

pretreatment slice. Post-treatment measurements as diagramed in Figure 7 are taken. 

 

Aim 3: Temporomandibular Joint Classification 

The left and right condyles were evaluated using the following steps in the Invivo5 

Anatomage software:  In the TMJ Module, under Vertical Range and Orientation, the box 

“Adjust” was checked, which allowed the investigator to adjust the vertical range of the 

TMJ slices (green lines). The vertical range was determined to be between mid-ramus 

length and above condylar heads, as seen in Figure 10.  
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Figure 10:  Vertical range of TMJ slices are determined by the green lines (mid-ramus 

and above condylar head). 

 

Then, the Adjust box was unchecked, and arch splines with green markings appeared at 

the center of the screen, with the axial slices in view.  The arch splines (green markings) 

were lined perpendicular to medial-lateral dimensions of the condyles on the axial slice, 

making sure the orange poles were parallel to the anterior surface of the condyle. Then, 

the TMJ was assessed by scrolling through the condyle on the axial slices as well as the 

coronal slices (Figure 11). The left and right condyles were then compared to the graph of 

TMJ morphology (Figure 12). 
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Figure 11:  Example of the InVivo5 Anatomage slices of the TMJ, in which a corrected 

anteroposterior image was determined perpendicular to the mediolateral axis. 
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Figure 12:  Graph of the different types of condylar shapes as defined by radiographic 

assessment of the condylar head. Degenerative joint disease progression is arranged that 

severity increases from left to right and top to bottom. Of major concern are the reds 

describe erosion and joint space narrowing, and the blues describe osteophytes and 

subcondylar bone cysts ((#6,10,11,12-23). 

 

 

 

 

1 2 

3 4 5 6 

7 8 9 10 11 

12 13 14 15 16 

18 17 19 20 

21 22 23 
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RESULTS 

AIM 1: Difference in bony support of mandibular incisors in low, average, and 

high-angle patients before orthodontic treatment. 

1) Comparison of the Buccal-Lingual Thickness at the Apex of the Lower Incisor in 

the Three Skeletal Groups 

Table 1: Summary statistics of patient population showing mean thickness at the apex. 

 

 

 

 

 

 

 

 



20 
 

 

  

 

 

 

 

 

 

Figure 13: Difference in bony support pre-treatment in different skeletal patterns 

comparing the low angle to high angle patient as defined in the sagittal plane. A 

difference in the buccal-lingual width of the mandibular alveolar bone between the low 

and high-angle patients is apparent 

 

 

Figure 14: Scattergram of buccal-lingual width at the apex of the lower incisor in the 3 

skeletal patterns (25 patients in each group). 
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Figure 15: Scattergram of buccal-lingual width at the apex of the lower incisor in low and 

high angle patients (25 patients in each group).  

 

As illustrated in Figure 15, there is a difference in the buccal-lingual width at the apex in 

low vs. high-angle patients, with the high-angle patients having smaller buccal-lingual 

widths than low-angle patients. 

 

Figure 16: Symphysis Thickness at Apex vs. Mandibular Plane Angle.   
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Our results indicate that there is a relationship between the thickness of the mandibular 

symphysis at the apex of the lower incisor and mandibular plane angle. As SN-MP 

increases, the symphysis thickness decreases (R
2
 = -0.412, R= -0.6418, p-value = 0.000) 

 

Figure 17: Boxplot: The thickness of the symphysis at the incisor apex vs. the skeletal 

pattern. 

 

The box plot of the symphysis thickness at the incisor apex versus the skeletal pattern 

also showed a decreasing trend with the symphysis thickness as the skeletal pattern 

became more hyperdivergent.  
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Figure 18: Symphysis thickness at lower right incisor apex vs SN-MP with 95% 

confidence intervals 

 

        

Figure 19:   Analysis of variance comparing the thickness of the symphysis in three 

groups with different vertical facial dimensions. 
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Figure 19 shows an analysis of variance shows that the difference in the symphysis 

thickness in the three groups (low, average, and high-angle) is highly statistically 

significant, with p= 0.000. 1= low-angle, 2= average-angle, 3=high-angle. A Bonferroni 

correction shows that there is a statistically significant difference when comparing low-

angle patients vs. average and high-angle patients (p=0.000), but the difference between 

average and high-angle patients is not statistically significant (p=0.059).  

 

Figure 20:   Symphysis thickness at the apex at two standard deviations from the average 

SN-MP 

 

Figure 20 shows the two standard deviations from the average SN-MP (33 degrees), that 

there is a -2.42mm reduction in the symphysis thickness at the apex of the lower right 

central incisor. 
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2) Comparison of the Buccal-Lingual Thickness at the Alveolar Crest of the Lower 

Incisor in the Three Skeletal Group 

Table 2: Summary statistics of patient population showing mean thickness at the alveolar 

crest. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: Buccal-lingual thickness at the alveolar crest of the mandibular right central 

incisor vs. mandibular plane angle. R= -0.41, p-value= 0.003. 
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Figure 22: ANOVA and Bonferroni correction of Alveolar Crest Thickness in the three 

skeletal groups. 1= low-angle, 2=average-angle, 3=high-angle. The Bonferroni correction 

shows that the only statistically significant difference is between low and high-angle, 

with p= 0.005 

 

The differences in the buccal-lingual thickness at the alveolar crest among the three 

skeletal patterns is less pronounced than that at the apex (Table 2). As seen in Figure 21, 

as SN-MP increases, the thickness at the alveolar crest decreases, and though with an R-

value of -0.41, the trend is statistically significant (p=0.003). An ANOVA analysis shows 

that the differences among the three skeletal groups are significant (p=0.0056), but a 

Bonferrroni correction shows that the difference is only statistically significant between 

the low and high-angle groups (p=0.005) 
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Intra-Observer Reliability: 30 CBCT scans (10 from each skeletal pattern group) were 

measured 1 month apart to test reproducibility of measurements by the same observer.  

Table 3: Intra-Observer Reliability Measurements. T1=measurement taken at time point 

1, T2=measurement taken 1 month later by the same observer. The average difference in 

the root length measurement between the two time points was 0.254mm. The average 

difference in the thickness at the apex between the two time points was 0.21367mm, and 

the average difference between the thickness from crest to crest was 2.24mm. 

Patient  SN-MP

 Root 

Length 

(T1)

Thickness 

at apex 

(T1)

Thickness 

Crest to 

Crest (T1)

(LR1) 

Root 

Length 

(T2)

Thicknes

s at apex 

(T2)

Thicknes

s Crest to 

Crest (T2)

T2-T1 

root 

length

T2-T1 

thickness 

at apex

T2-T1 

thickness 

crest to 

crest

1 22.7 18.31 9.42 6.34 18.63 9.82 6.53 0.32 0.4 0.19

2 23.2 19.45 7.39 5.61 19.47 7.83 5.85 0.02 0.44 0.24

3 24.2 20.51 14.12 5.83 18.98 11.79 5.32 -1.53 -2.33 -0.51

4 25 17.03 7.59 6.33 16.97 7.28 6.61 -0.06 -0.31 0.28

5 25.1 19.53 9.4 5.11 19.74 10.41 5.5 0.21 1.01 0.39

6 26 19.79 11.17 5.83 19.95 11.4 6.24 0.16 0.23 0.41

7 27.1 21.1 12.22 5.38 19.14 10.32 5.59 -1.96 -1.9 0.21

8 27.5 19.3 10.04 6.92 19.43 10.51 6.5 0.13 0.47 -0.42

9 27.7 18.99 7.18 7.3 18.45 7.25 6.77 -0.54 0.07 -0.53

10 28 22.51 15.13 6.33 22.22 14.61 6.98 -0.29 -0.52 0.65

1 30.5 19.75 11.2 6.51 19.62 11.43 5.64 -0.13 0.23 -0.87

12 31.5 20.17 8.41 6.28 19.84 8 6.04 -0.33 -0.41 -0.24

13 31.5 21.24 7.34 6.16 20.51 7.48 7.4 -0.73 0.14 1.24

14 31.8 20.55 11.51 5.5 20.52 11.79 5.67 -0.03 0.28 0.17

15 32.2 21.09 7.91 5.21 20.82 8.3 5.15 -0.27 0.39 -0.06

16 32.5 19.32 5.36 5.6 19.72 5.66 6.32 0.4 0.3 0.72

17 33.2 20.13 10.41 5.26 19.9 9.94 5.14 -0.23 -0.47 -0.12

18 35 22.1 8.6 6.49 20.28 7.3 6.33 -1.82 -1.3 -0.16

19 35.4 20.77 10.4 6.14 20.1 9.74 6.12 -0.67 -0.66 -0.02

20 36.8 21.23 9.74 6.76 20.71 8.88 7.13 -0.52 -0.86 0.37

21 39 21.19 8.57 5.78 21.02 7.53 6.1 -0.17 -1.04 0.32

22 39.3 19.85 6.23 5.26 20.14 6.23 5.72 0.29 0 0.46

23 40.1 19.38 9.28 6.24 19.82 8.8 5.88 0.44 -0.48 -0.36

24 40.8 20.88 7.12 5.61 20.41 6.81 5.31 -0.47 -0.31 -0.3

25 40.9 21.33 7.78 5.32 22.03 7.83 5.51 0.7 0.05 0.19

26 41.9 19.42 4.96 5.51 19.81 5.1 4.82 0.39 0.14 -0.69

27 42.2 20.94 7.61 5.2 21.1 7.5 5.74 0.16 -0.11 0.54

28 42.4 20.2 6.85 7 20.31 6.45 7.17 0.11 -0.4 0.17

29 42.4 22.34 8.1 7.18 22.04 8.97 6.9 -0.3 0.87 -0.28

30 42.5 20.88 6.77 5.41 19.98 6.44 5.66 -0.9 -0.33 0.25

average difference -0.254 -0.21367 2.24  
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Figure 23: Reproducibility of root length measurement, measured two times, 1 month 

apart 

 

According to Figure 23, the root length measurement was very reproducible, and this 

reproducibility spans across SN-MP (increase in SN-MP does not change the 

reproducibility of the measurement, even though the alveolar morphology, as indicated in 

the findings of Aim 1, changes. 
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Figure 24: Reproducibility of the Thickness at the Apex, measured 1 month apart, with 

the mean displayed. Blue: T1, Red: T2, Green: Mean thickness, as determined by 

(T2+T1)/2.  

 

Note that the alveolar bone thickness at the apex of the lower incisor can be measured 

reliably by the same observer at two different time points, as seen in Figure 24. 

 

Figure 25: Reproducibility of the thickness at the alveolar crest, measured 1 month apart, 

with mean displayed. 
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The buccal-lingual thickness at the alveolar crest was not as reliable as the root length 

and width at the apex, as seen in Figure 25. This is probably due to the difficulty of 

locating the alveolar crest on the CBCT when it is thin. 

AIM 2: Differences in bony support and mandibular incisor after orthodontic 

treatment in low, average, and high-angle patients 

As seen in the clinical photos below (Figure 26), negative sequelae to orthodontic 

treatment involving the roots cannot be detected intraorally. However,  CBCT scan shows 

severe root resorption in the mandibular incisors of this case after orthodontic treatment 

(Figure 27).

  

 

 

 

 

 

 

 

 

Figure 26:  Result of orthodontic treatment in high angle patient. No bony issues noted in 

intraoral photos. 
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Figure 27:  CBCT of the same patient featured in Figure 26. The lower incisors exhibit 

severe root resorption on a very thin mandibular bony support. 

 

 

 

 

 

 

 

 

Figure 28: Low-angle patient: Note that the root has shortened slightly  

after orthodontic treatment, but the root is still centered in the alveolar housing. 
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Figure 29: High angle patient: Notice that the tooth has been pushed past  

the buccal cortical plate after orthodontic treatment. 

 

 

 

Figure 30: Percent Root Loss in low, average, and high angle patients. Pink line is set at 

10%, which is reported in the literature to be normal level of root resorption after 

orthodontic treatment. Any root resorption above 10% is considered a negative sequela  
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The bony support of the lower incisors is different between low and high angle patients, 

and thus, there are differences in the effects on the incisors after orthodontic treatment 

(Figures 28, 29). Figure 30 clearly illustrates that high-angle patients are more prone to 

root resorption beyond that expected for routine orthodontic treatment.  

Table 4: Root resorption and roots out of bone after orthodontic treatment in low,  

average, and high-angle patients. 

 

 

 

 

 

 

 

 

 

 

 

 

Root resorption after orthodontic treatment over 10% is higher in high-angle patients 

compared to average and low angle patients (22%, 20%, and 9% respectively). More 

alarming is that high-angle patients are at the highest risk of having the tooth out of the 

alveolar housing after orthodontic treatment (22% vs. 5% in average-angle patients, and 

0% in low-angle patients). 
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Table 5: Fisher’s Exact Test of Root Resorption over 10%. P-value is 0.824. 

 

Even though the percentage of patients with root resorption over 10% is high in the high 

angle patients, the Fisher’s Exact Test yielded a p-value that is not statistically significant 

(p = 0.824). This could be due to the small sample size of the lower angle patients. 

 

Table 6: Fisher’s Exact Test for Tooth Out of Bone. P-value 0.138 
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As observed in Table 6, the percentage of high angle patients with the tooth out of the 

supporting alveolus is very high compared to the average and low angle patients.  

However, the Fisher’s Exact Test p-value is 0.138, which is not statistically significant. 

This could also be due to the small sample size in the low angle patients. 

 

Table 7: Summary of Mean Bone Loss at the Apex, Midroot, and Alveolar Crest in Low, 

Average, and High Angle Patients 

 

 

 

 

 

 

 

 

Mean bone loss after orthodontic treatment as measured at the apex of the central incisor, 

midroot, and alveolar crest was ranged between 0.24mm and 0.58mm in all three skeletal 

patterns (Table 7). 
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Figure 31: ANOVA and Bonferroni correction of the amount of bone loss at the apex. 

 1=low angle, 2=average angle, 3= high angle 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32: ANOVA and Bonferroni correction of the amount of bone loss at midroot. 

 1=low angle, 2=average angle, 3= high angle 
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Figure 33: ANOVA and Bonferroni correction of the amount of bone loss at the alveolar 

crest. 1=low angle, 2=average angle, 3= high angle 

 

An analysis of variance of the mean bone loss in the three different skeletal patterns at the 

apex, midroot, and alveolar crest shows no significance at the apex and alveolar crest, but 

there is a significant difference at the midroot (Figures 31-33). A Bonferroni correction of 

the ANOVA analysis that showed a difference at the midroot only detected a difference 

between the average and high angle patients (Figure 32), with the high angle patients 

having more bone loss (Figure 33). 
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Aim 3: Temporomandibular Joint Classification 

 

Table 8: Fisher’s Exact Test of Number of Patients With Signs of Degenerative TMJ in 

Low, Average, and High Angle Patients. P-value = 0.09 

 

 

Patients with significant signs of degenerative temporomandibular joint disease were 

determined to be those who had one or more joint that fell in the blue/red zone of the 

TMJ morphology spectrum as described in Figure 12. Our results revealed that 10% of 

the low angle patients, 15% of the average angle, and 40% of the high angle patients fell 

into this category. The Fisher’s exact test showed a p-value of 0.09, which is close to 

being statistically significant. 
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DISCUSSION 

There are differences in the mandibular anterior alveolar bone in different skeletal 

patterns. Our findings on the pre-treatment mandibular bone confirm the findings in the 

literature involving two-dimensional as well as three-dimensional imaging (7, 10). We 

found that the mandibular alveolar buccal-lingual bone thickness at the apex of the lower 

incisor is larger in the hypodivergent group compared to that of the normodivergent and 

hyperdivergent (p-value = 0.000), but that the difference between the average angle and 

high angle patients was not statistically significant (p-value = 0.059). When we compared 

the buccal-lingual thickness at the apex as a function of increasing SN-MP, we found a 

negative relationship, with the thickness decreasing with an increase in SN-MP (R= -

0.64, p=0.000). At two stand deviations away from the average SN-MP of 33 degrees, 

there is a 2.42mm decrease in the thickness at the apex. The difference in the buccal-

lingual thickness of the mandibular anterior bone extends above the apex of the root; this 

difference can be seen even at the level of the alveolar crest, markedly between the low 

angle and high angle patients (p = 0.005). The difference in the bony support can be 

attributed to the dentoalveolar compensation that takes place in a hyperdivergent pattern, 

where the increased mandibular plane puts the mandible so far away from the maxilla 

that the teeth and the alveolus have to hyper-erupt in an attempt for the upper and lower 

front teeth to touch.  

The differences in the three skeletal patterns may even extend beyond the alveolar 

bone support. When we characterized the temporomandibular joint morphology of 20 

pretreatment patients in each skeletal pattern, we found that high angle patients had a 

higher prevalence of having signs of degenerative joint disease compared to the average 
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and low angle patients, with 40%, 15%, 10%, respectively. This difference is not 

statistically significant according to the Fisher’s Exact Test (p= 0.09), but it could be due 

to a small sample size. If the differences were true, the hyperdivergency could be due to 

the degenerative joint disease, which shortens the condyle, and results in the mandible 

being propped open. 

The pretreatment morphologic differences in the mandibular anterior alveolar 

bony support of the lower incisor had some deleterious effects on the tooth after 

orthodontic treatment. Our study showed that high angle patients were at a higher risk of 

having external root resorption beyond that normally expected for routine orthodontic 

treatment, with an incidence of 22% versus 20% in the average angle group, and 9% in 

the low angle group. Even more alarming is that because the pre-existing bony support in 

the high angle patients is so thin, that they are at a higher risk of having the tooth placed 

out of the cortical bone, both buccally and lingually, after orthodontic treatment (22% 

versus 5% and 0% in the average and low angle groups, respectively). Our statistical 

analysis showed that the differences were not statistically significant, but this could be 

due to the low sample size of the low angle group, which was set to be at SN-MP less 

than or equal to 28 degrees. It was difficult to find patients who had such a hypodivergent 

mandible who did not have orthognathic surgery to include in our study. 

The buccal-lingual thickness decreased minimally after orthodontic treatment 

(ranged from 0.24 mm to 0.58 mm) in the three skeletal groups, which is very minimal 

and not clinically significant. An ANOVA test showed that the difference in bone loss at 

the apex and the alveolar crest were not statistically significant, but was significant at 

mid-root. However, a Bonferroni correction of this difference only showed a difference 
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between the average and high angle patients, and no difference was found when 

comparing the low and high nor average and low groups. This is most likely due to 

measurement errors, since the differences were so small. 
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CONCLUSIONS 

The pretreatment differences in the bony support of the lower incisor in the 

hyperdivergent individuals carries negative consequences after orthodontic treatment, 

with an increase in external root resorption rate and a higher frequency of the tooth being 

placed out of the buccal or lingual cortical plate. Cone beam computed tomography 

(CBCT) allows us to see these changes that are often masked by superimpositions of 

structures of the left and right sides in a lateral cephalogram. The amount of buccal-

lingual bone loss in all three skeletal patterns was found to be minimal after orthodontic 

treatment. The clinician should pay careful attention to the pretreatment alveolar bony 

support of the lower incisors when diagnosing and treatment planning. Special care 

should be taken in the hyperdivergent subjects with a thin symphysis so that negative 

sequelae can be prevented during orthodontic treatment. 
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