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Objectives: This study investigated alveolar arch forms and the differences of 
buccolingual alveolar bone thickness among arch forms in anterior esthetic region using cone beam 
computed tomography (CBCT) images. 

Material and methods: Axial views of 113 CBCT images were assessed at the level of 
3 mm below cementoenamel junction (CEJ) of left and right canines. Root center points of all 
teeth in anterior esthetic region were set as the reference points in order to measured Intercanine 
width, interpremolar width, intercanine depth, interpremolar depth and intercanine width/depth 
ratios and digitized X and Y coordinates. Arch forms were then classified following transverse 
dimensions and intercanine width/depth ratio. Best fitting curves were created from mean 
coordinates of each arch form using fourth degree polynomial equation. Buccolingual alveolar bone 
thickness of anterior maxillary teeth was measured at 3 mm below CEJ and middle of root length 
levels. The differences of mean thickness between arch forms were analyzed. 

Results: This study demonstrated that anterior maxillary arches were classified as long 
narrow arch, short medium arch, long medium arch and long wide arch. The significant differences 
of buccolingual alveolar bone thickness among arch form groups were found at both levels 
(p-values < 0.001). Long wide arch presented the thickest buccolingual alveolar bone followed by 
long medium arch while both long narrow and short medium arches showed the narrowest. 

Conclusions: In anterior esthetic region, alveolar arches were classified as long narrow 
arch, short medium arch, long medium arch and long wide arch. The buccolingual alveolar bone 
thickness exhibited significant differences between arch forms.  
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CHAPTER 1 

INTRODUCTION 

Rationale and Significance of the Problem   

Periimplant bone foundation is an important factor affecting the success  

of dental implant treatment. However after tooth extraction, alveolar bone will change 

in volume.1 In this situation, implant placement simultaneously with guided bone 

regeneration might be necessary, somehow it might affect patient’s quality of life.2 

In order to prevent further bone resorption after implantation especially in anterior 

maxilla which requires carefully attention to provide esthetic outcomes, many 

parameters should be taken in account to limit stress on dental implant.3 

Sagat et al. in 2010 reported that the favorable implant numbers and positions 

in relation to the stress concentration were dissimilar in different full alveolar  

arch forms.4 Partial alveolar arch form especially in the premaxilla area also influenced 

implant numbers and positions due to the stress distribution around dental implant.3 

In the past, many studies identified full dental arch forms using plaster models and  

3D visual models 5-11 as well as maxillary anterior dental arch forms that were classified 

by analysing plaster models.12 In order to evaluate the dental arches, the position  

of cusp tips, facial axis points which referred to the midpoints of the facial axis  

of clinical crowns, or the most facial points of the teeth were usually set as  
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the reference points.5-12 The mathematical functions were applied in order to describe 

dental arch forms. The previous study reported that beta function, parabola equation 

and polynomial equation provided best fitting curves.5-9, 11-13 The study of Preti et al. 

in 1986 and Ferrario et al. in 1994 used parabola equation and elliptic equation 

respectively for creating best fitting curve of anterior arch.11, 12 Ferrario et al. found  

the strong correlation between mixed model, which was the combination of  

elliptic curve in anterior arch and parabola curve in posterior arch, and fourth degree 

polynomial equation.   

Conversely, the studies of alveolar arch form exhibited a very few numbers.  

In 2008, Ronay et al. displayed the assessment of the alveolar arch form at the level 

of WALA which referred to the keratinized tissue band superior to mucogingival 

junction of mandible.14 Still, this method might present the inaccurate arch forms  

due to the interference of movable tissue. Recently, cone beam computed 

tomography (CBCT) was introduced. This method is non-invasiveness and helpful 

because three dimensional radiographic images including the buccolingual, mesiodistal 

and apicocoronal dimensions can be identified. The application use of CBCT  

in evaluation of bone surrounding the tooth and implant was demonstrated 

previously.15-22 Moreover, there were studies that evaluated human arch form  

at alveolar bone level using CBCT images.10, 13 The midpoints of the roots at coronal 

third level of right and left mandibular canines were set as the reference points.  

These points were selected due to the corresponding with the vertical level of WALA. 
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Nevertheless, alveolar arch forms have never been classified using the CBCT images 

up to now, they were usually classified into simple geometric forms using clinical 

experience.  

Buccolingual bone width is another important factor related to implant success, 

since it is included in the three dimensional bone that has to be defined before implant 

placement.23, 24 After an implant was placed following recommendation that implant 

platform should be located at 3-4 mm below gingival margin of the future 

restoration,25, 26 the remaining labial bone requires at least 2 mm thickness in order to 

provide implant stability, decrease marginal bone loss, prevent gingival recession and 

promote esthetic outcome.23 Thus, in the situation of insufficient bone, the bone 

reconstruction should be performed to improve the functional and esthetic results.27, 

28 Nevertheless, buccolingual thickness of the augmented bone may later slightly 

decrease due to bone remodelling.28, 29 The understanding of alveolar arch form and 

buccolingual alveolar bone thickness in anterior esthetic zone may be very helpful  

not only to define the treatment plan and prognosis, but also to determine implant 

numbers and implant positions in order to increase the survival rate and success rate. 

Furthermore, it may help to predict the amount of bone augmentation. So far,  

there is no article associated to the alveolar arch form in anterior esthetic zone. 
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Research Questions  

1. Can arch forms of the alveolar bone in anterior esthetic region be classified  

at the implant platform level? 

2. Is there any difference of buccolingual alveolar bone thickness among  

arch form in anterior esthetic zone? 

 

Objectives of the Study 

This study aimed to evaluate arch forms in anterior esthetic region at the level 

of implant platform and to investigate the differences of buccolingual alveolar bone 

thickness between arch forms using CBCT images. 

 

Statement of Hypothesis 

- Null hypothesis 

1. The arch forms in anterior esthetic region cannot be classified at the level  

of implant platform. 

2. There is no difference of buccolingual alveolar bone thickness among  

the classified arch forms. 
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- Alternative hypothesis 

1. The arch forms in anterior esthetic region can be classified at the level  

of implant platform. 

2. There are differences of buccolingual alveolar bone thickness among  

the classified arch forms. 

 

Conceptual Framework 

 

  

Figure 1. Conceptual framework of the study 
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Basis Assumptions 

1. All the CBCT images were measured with one program by one operator and 

evaluated by one examiner. 

2. Intra-examiner calibration and Inter-examiner calibration with the expertise 

were performed. 

Study Limitations 

1. Since there was no study about the arch form classification and the difference 

of buccolingual alveolar bone thickness among arch forms in anterior esthetic 

region, the future studies are necessary to approve the reliability of the results. 

2. This study evaluated the alveolar arch form and the buccolingual alveolar bone 

thickness at the implant related levels using the CBCT images of patients with 

full dentitions in order to reduce the dissimilar rates of bone resorption in the 

real edentulous patients.  

 

Keywords 

 Alveolar arch form, Anterior maxillary arch form, Anterior maxillary alveolar arch 

form, Alveolar bone, Alveolar bone thickness, Bone thickness, Buccolingual bone 

thickness, Buccolingual alveolar bone thickness, Cone beam CT, CBCT  
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The Expected Benefits  

 The results of arch form classification at the implant platform level in anterior 

esthetic region and the difference of buccolingual alveolar bone thickness among  

arch forms might help the clinicians to design the initial treatment plan, to determine 

implant numbers and positions, as well as to predict the amount of bone 

augmentation.  
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CHAPTER 2 

REVIEW OF LITERATURES 

Alveolar bone 

 Alveolar bone and alveolar socket are created to support teeth and gingiva.  

In adult human, 65% of alveolar bone is inorganic crystal which mainly composes of 

calcium and phosphate, while 35% is organic matrix that contains 89% of type I 

collagen.21 The alveolar bone can be roughly divided into three layers. The outer most 

is the compact bone layer called an external plate of cortical bone. The inner most is 

the socket wall or the alveolar bone proper or bundle bone, which is the layer of thin 

dense bone adjacent to the periodontal ligament space. The principle fibers of 

periodontal ligament which are called Sharpey’s fibers terminate in this layer.30 

Between the two dense bone layers, there is the spongy bone called cancellous 

trabeculae.31   

 The alveolar socket is able to remodel in order to resist the force, repair  

the wound, and balance the level of calcium and phosphate in the body.  

The remodeling process relates to the activity of osteoblast in bone apposition and 

osteoclast in bone resorption.31 After tooth extraction, bone volume changes in both 

horizontal and vertical dimensions due to the loss function of bundle bone.32 In 2005 

the histological study using dog model of Araújo and Lindhe reported that the alveolar 

bone altered after tooth extraction. At one week after tooth extraction, the soft tissue 
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covering the extraction site showed a slightly sign of inflammation, lingual bone was 

wider than buccal bone, and bundle bone was still found along the inner surface of 

socket with a very few numbers of osteoclasts. The crestal portion of bone walls 

exhibits the large amount of bundle bone especially the buccal plate. After two weeks 

passed, mucosa was full of fibroblasts. At this stage, the bundle bone decreased and 

the osteoclasts were found at the outer surfaces of alveolar ridge resulted in  

the resorption of crestal bone. The buccal crest was slightly more apical compared to 

the lingual crest. Woven bone formed in the apical and lateral of the socket and was 

lined with a bulk of osteoblasts. Four weeks of healing process, the bundle bone was 

completely disappeared and the woven bone was replaced by lamellar bone at  

the crestal part of buccal bone. The osteoclasts were still lined at the outer surfaces 

of alveolar bone while the inner socket was filled with the primitive bone marrow. 

Buccal crest located approximately 1 mm apical to lingual crest.  At eight weeks,  

the buccal bone was obviously thinner than lingual bone. The crestal bone of buccal 

plate was about 2 mm lower than lingual plate. Large amount of osteoclasts were 

observed on the crestal and apical area of the outer surface of buccal bone. In the 

socket, there were bone marrow, woven bone, and lamellar bone. The authors 

concluded that there are two overlapped phases of bone resorption. The first phase 

occurred after tooth extraction due to the loss of bundle bone. The second phase is 

the resorption at the outer surfaces of alveolar bone.1  
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 The resorption causes the residual ridges of both maxilla and mandible to shift 

lingually. Since the basal bone of mandible is wider than maxilla, the complete 

edentulous patients seem to have a protruding chin.33 

 

Arch form 

 Arch forms are divided into 2 large categories, dental arch form and basal arch 

form. Dental arch form is identified at clinical crown levels using incisal edge and cusp 

tips, facial axis points, or the most facial parts of the teeth as the reference points.5-12 

Dental arches can be classified as reported by the previous studies.8, 9, 12 They are 

influenced by transverse dimensions, anteroposterior dimensions, width/depth ratio, 

tooth size, and tooth inclination.8-10 In the past, dental arch form was identified based 

on simple geometric or clinical experience. Recently, the correlation between dental 

arch form and mathematical function was reported.5-9, 11  

 In 1994, Ferrario et al. compared fourth degree polynomial equation with mixed 

model. Digital photographs of the dental models which were obtained from 50 males 

and 45 females were taken. Midpoints of the incisal edge as well as buccal and lingual 

cusp tips of premolars and molars were set as the reference points. Cusp coordinates 

were recorded and their center of gravity was used as the origin of X and Y axes. 

Maxillary and mandibular arches were fit with fourth degree polynomial equation and 

mixed models which composed of anterior and posterior curves. The anterior curve of 
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mixed models was an ellipse using elliptic equation while posterior curve was 

parabola. The means correlation of cusp coordinates and fourth degree polynomial 

equation were reported over 0.97. For the mixed models, anterior curves exhibited 

well fit with the elliptic curves with the correlation ranging from 0.873 – 0.933. The 

posterior curves displayed the results of correlation more than 0.92. Mean plots of 

fourth degree polynomial equation and mixed models were not significant difference. 

Thus, human dental arches could be fit with both of mathematical functions.11  

 According to the study of Braun et al. in 1998, the beta function formula was 

tested about the ability to distinguish 80 plaster models of class I normal occlusion, 

class II and class III malocclusion patients. The data of cross-arch distance or transverse 

dimension which is the distance between distobuccal cusp tips of left and right second 

molar of both maxillary and mandibular arches and the perpendicular distance which 

is the shortest distance between any point on cross-arch line and the center point of 

two central incisors were recorded and then calculated using beta function formula. 

The results showed that the beta function could represent the human dental arch 

accurately. The mean correlation coefficient of curve fit was 0.98 with standard 

deviation of 0.02. Class I normal occlusion models would be a standard size of jaws, 

thus class III malocclusion models and class II malocclusion models had to be 

compared with class I models. Class III maxillary and mandibular models showed 

significantly wider cross-arch distance and shorter arch depth, while class II mandibular 

models exhibited narrower cross-arch distance but the arch depth was also shorter.  
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In maxillary arch, the arch depths of all three categories are not significant difference, 

but in arch width of cross-arch distance, class III models demonstrate wider distance, 

while class II models were statistically comparable to class I models, even though  

the results tended to be narrower. However, the authors concluded that beta function 

has been proved to be a good method to describe arch form.5  

 In 2001, Noroozi et al. used sixth degree polynomial equation to evaluated 

dental arch form and described as ovoid, taper, square. Four parameters were 

considered when twenty three sets of dental models had been analyzed which are 

distance between the distobuccal cusp tips of the second molars or intersecondmolar 

width (Wm), distance between canine cusp tips or intercanine width (Wc), the shortest 

distance between the contact of central incisors and intersecondmolar width line  

or secondmolardepth (Dm), and the shortest distance between the contact of central 

incisors and intercanine width line or caninedepth (Dc). The results demonstrated the 

correlation between arch form and the sixth degree polynomial curve. The curves 

could be described as ovoid, taper, and square. The authors found that if the ratio  

of intercanine distance and intersecondpremolar distance decreased (Dc:Dm) or  

the ratio of intercanine width and intersecondpremolar increase (Wc:Wm), the arch 

would become square shape. The ratio of dental arch can be calculated by this 

formula (Wc/Wm) x (Dc/Dm)-1. If the ratio was within the mean range ± 1SD, the arch 

form would be described as ovoid. If the ratio was more than +1SD, the arch form  
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would be described as square and the arch form would be described as tapered when 

the SD of ratio was less than -1SD.7 

 The combination of arch form classification and mathematical curve fitting were 

reported in the recent article of Lee et al. 2011 found the new method to classify arch 

form, the cluster analysis. In the study, the models had been analyzed on both dental 

level which is the level of cusp tip and basal level which is referred to the apical third 

of alveolus. 306 casts were taken photos and transferred the data of 14 reference 

points from the central incisors to the second molars to Cartesian coordinates with 

custom-made software. With this software the arch forms could be identified and 

classified into three types, based on the average silhouette width which was  

the method for revealing the dissimilarity within group and between groups.  

The narrow arches, middle arches, and wide arches were discovered.8 Bayome et al. 

in the same years analyzed dental arch forms using 3D visual models. Facial axis points 

were set as the references. Transverse dimensions and anterior curve were used to 

classified arch form by k-means cluster analysis. The results exhibited five groups of 

arch form. However, after fit the arch form with the mathematical function, fourth 

degree polynomial equation, some pair of curves showed the superimposition. Hence, 

the authors combined the superimposed curves in to the same group. From this study, 

arch form could be classified into narrow, moderate and wide groups.9 Not only full 

arch form, the maxillary anterior arch was also identified in the study of Preti et al. in 

1986. 1000 plaster castes were measured to find the correspondence between 
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interfrenulum distance and parabola curve. The most facial point of anterior teeth 

were used as the references. Center of incisive papilla was the origin of X and Y 

coordinates. The strong correlation of 0.999 was found. The anterior dental arches 

could be reported as Large, medium and small depended on the c value in  

the equation of parabola, y = ax2 + bx + c. 

The alveolar arches were described in simple geometric terms using clinical 

experience, such as ellipse, ovoid, tapered or square. In the recent article of Suk et al. 

2013, the mathematical formulas were used to identify for more precise alveolar arch 

form. 32 CBCT images of normal occlusion patients and 33 CBCT images of Class III 

malocclusion patients were analyzed in the axial view for the evaluation of dental arch 

and alveolar arch. Arch dimensions which composed of transverse dimensions, 

anteroposterior dimensions and width/depth ratios were measured at the level of 

coronal third of mandibular canines which related to the level of WALA ridge, root 

center points were set as references. The root center points were digitized for the 

coordinates then the mean coordinates of Class I normal occlusion and Class III 

malocclusion were calculated. The best fitting curves for Class I and Class III groups 

were generated using fourth degree polynomial equation.13 Interestingly, most of the 

studies in orthodontic field defined alveolar arch as basal arch even though the arch 

was measured at the level of WALA ridge which was the keratinized band above 

mucogingival junction.10, 13, 14 
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Implant positions and implant numbers 

 Proper implant position and implant number increases survival and success 

rate in implant therapy by reducing stress of the occlusal force and providing stable 

soft tissue profile.3, 4, 23, 24  

 In order to establish proper implant position, implant site has to be examined 

in 3 dimensional views, mesiodistal view, buccolingual view, and apicocoronal view.  

In mesiodistal view, the esthetic appearance mainly depends on the volume of 

interdental papilla that is limited by the underlying crestal bone. As a result of bone 

saucerization, periimplant bone has been horizontally destroyed for 1.3-1.4 mm within 

3 years after implant crown insertion.34 Hence, the distance between an implant and 

a natural tooth should be more than 1.5 mm and the satisfactory distance for two 

adjacent implants should be at least 3 mm for crestal bone preservation.23, 24, 34 

Buccolingual view demonstrates the facial contour of gingiva that is supported by 

buccal bone. The buccal bone thickness should not be less than 2 mm to prevent 

gingival recession which is affected from bone remodeling as well as saucerization.23  

If the proper thickness cannot be achieved, ridge augmentation would be performed. 

Available bone height is presented in apicocoronal view. In anterior esthetic region, 

the preferable location of bone level implant shoulder is 3-4 mm below the facial 

gingival margin of future restoration.25, 26 However, at least 2 mm distance above vital 

structures, which is the floor of maxillary sinus in the area of first premolars, should be 
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remained for safety.35 Bone angulation is another factor that is necessary to locate  

an implant position. The angulation is the relation of occlusal plane and natural tooth 

root which should ideally be perpendicular in order to transfer occlusal force along 

root axis. However, in anterior esthetic region, only first premolar can provide on-axis 

loading force, since anterior teeth are loaded at 12 degrees diverged from root axis.3 

The study of Romeo et al in 2002 reported that under the standard anatomic condition, 

the single tooth implant restorations would be a predictable treatment, if the available 

bone was sufficient.36  

 Implant numbers are dictated by bone quality, occlusal force and arch 

form especially in the patients with long edentulous area since it relates to the stress 

distribution. Various arch forms provide different available length of cantilevers.  

Even though, the cantilevers should be eliminated in order to decrease an excessive 

force, however for some limitations such as to avoid the vital structures, the cantilevers 

are selected to be the choice for treatment.3, 4  

In complete maxillary edentulous arch, six to eight implants are commonly 

used. When focusing on the premaxilla segment, implant positions and numbers are 

influenced by arch form beneficial to control the stress from cantilevers length. 

Assume that, four implants were already placed in the posterior segment, square arch 

form requires only two implants placed at right and left canine positions, since  

the anterior cantilever length is less than 8 mm. Thus six implants may be enough for 

this type of arch. Ovoid arch form needs three implants at the area of right canine,  
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left canine and one of the incisors because the anterior cantilever length is ranged 

from 8 to 12 mm which is longer than that of square arch. Seven implants may be  

the proper implant numbers for the ovoid arch. Taper arch form has the longest 

cantilever. The length is more than 12 mm. Four implants are needed at the area of 

right canine, left canine and two of the incisors for preventing additional force. Hence, 

eight implants may be appropriate for taper arch.3 Sagat et al. in 2010 evaluated  

the influence of alveolar arch form and stress distribution around implants supported 

the full arch prostheses. In the study, alveolar arch forms were divided into  

five categories, shortest ellipsoid shape and medium width, longest ellipsoid shape 

and narrow, U-shaped long and narrow, U-shaped short and wide, and U-shaped 

medium length and medium width. The numbers of implant per arch were assessed; 

six or eight implants were placed into the different positions. The results exhibited that 

the stress distribution was not significant difference whether using six or eight implants 

per arch, but it was difference when the implants were placed into different alveolar 

arch forms. In every type of arch forms, placing eight implants in the positions of lateral 

incisors, canines, the first and the second premolars provided the most favorable 

result. After implant numbers were reduced to six, longest ellipsoid shape and narrow, 

shortest ellipsoid shape and medium width, U-shaped short and wide, and U-shaped 

medium length and medium width demonstrated the good results when the implants 

were placed into lateral incisors, the first and the second premolars areas, while  

the U-shaped long and narrow showed the favorable result when implants  
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were placed into central incisors, canines and the second premolars areas. The study 

also reported that the stress value in the posterior portion was higher than the anterior 

portion, hence the posterior cantilever increased the stress concentration. However, 

arch forms provided more influence upon stress distribution around implant than the 

length of cantilever.4 

Implant restorations in the patients with partial edentulous arch in premaxillary 

region depend on the alveolar arch forms. Since the recommendation of interimplant 

distance should be at least 3 mm, square and ovoid arches cannot support more than 

four implants. Taper arch may exhibited wider interimplant distance, but usually  

no more than four implants can be replaced the sixth anterior teeth. The patients  

who have edentulous arch in the area of central and lateral incisors, two or three 

implant can be placed depended on arch form. Taper arch may not suitable for  

two implants placement since the longer anterior cantilever increases more 

periimplant stress.3  

In complete mandibular edentulous arch the cantilevers cannot be extended 

further than 2.5 times of A-P distance. The distance varies in the different arch form, 

ovoid arch has 6-8 mm of A-P distance, square arch has 2-5 mm, and tapered arch  

has an A-P distance larger than 8 mm.  

Moreover, each arch is divided into five segments. The first is central and lateral 

incisors segment. The second and third segments are left and right canines.  

The fourth and fifth segments are respectively left and right premolars and molars.  
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The recommendation for proper implant numbers and positions is at least one implant  

for fixed partial denture should be placed in each segment of an arch to provide the 

resistance of the lateral force.3  

 

CBCT Evaluation 

 Although periapical and panoramic radiography can be used in many kinds of 

dental treatment including implants, only two dimensions of mesiodistal width and 

inciso-apical height are displayed. In the implant treatment planning, the information 

of buccolingual width is also necessary. Ridge mapping by penetrating a sharp point 

instrument through buccal and lingual soft tissues under local anesthesia is one of the 

methods for measuring buccolingual underlying bone.37 However, most of the patients 

are not cooperate with the methods due to invasiveness. Besides, some factors,  

such as the locations of vital structure and small bone defects, cannot be detected 

by this technique.38. Recently, cone-beam computed tomography (CBCT) system  

was introduced. This technique provides a reliable three dimensional radiographic 

images that are beneficial for diagnosis and treatment planning.39  

 CBCT is the recent type of computed tomography (CT) that is developed  

for dental treatment to create three-dimensional images. With this technology,  

the structures of future implant site especially the underlining bone and important 

vital structures are able to be visualized in various views using specific software. 
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Therefore, many studies relied on CBCT in order to assess the amount of bone,  

the thickness of alveolar bone, or the thickness of facial plate in the area of interest. 

15-20 The references of the CBCT evaluated studies were mostly located in hard tissue, 

such as CEJ and bone crest, since CBCT provided poor quality of soft tissue. Lee et al. 

in 2010 examined the thickness of anterior facial bone plate at 3 mm below CEJ,  

4.5 mm below CEJ, mid root, and root apex. 3 mm below the CEJ referred to  

the proper location of the implant shoulder after placement which is influential in  

the esthetic result because the bone in this area supports the appearance of marginal 

gingiva. Information of the bone thickness in other positions is beneficial for  

the prevention of alveolar plate perforation during placement procedure.18 Braut et al. 

in 2011 measured the facial bone thickness of the teeth in anterior esthetic zone at 

the level of 4 mm below CEJ, since it indicated to the crestal bone area, and at the 

level of midroot.15 There were some studies used bone crest as the reference  

for identifying facial bone thickness.16, 20, 22 

 Axial image of CBCT is able to describe the form of alveolar arch which is 

necessary to determine the number and the distribution of implants.13 Even though 

measuring the plaster models is the convenient method to identify dental or alveolar 

arch form, but the movable soft tissue may affect the accuracy of the results.5, 7, 8  

Suk et al. evaluated the alveolar arch using CBCT images at the level of WALA.  

The reference points were the root center points of the teeth from right to left 

mandibular second molars. 



 31 

CHAPTER 3 

MATERIALS AND METHODS 

Research Design 

 This study evaluated the alveolar arch form in anterior maxillary region, consists 

of anterior and premolar teeth,20, 40 at the implant related levels, in order to find out 

whether they could be classified into different categories or not and also evaluated 

the difference between the arch form and the buccolingual alveolar bone thickness.   

 

Diagram of Study Design 

 

 

Figure 2. Diagram of study design 

Patient selection 

CBCT assesment in anterior esthetic region 

(14-24) 

The thickness of alveolar bone Types of maxillary arch form 

Data analysis 
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Ethical Consideration 

This study had been approved by the ethical committee of the Faculty of 

Dentistry, Chulalongkorn University, Bangkok, Thailand.  

 

Image selection 

 CBCT images that were taken from the patients at faculty of dentistry, 

Chulalongkorn University, between January 2010 and December 2013 will be used  

as the samples of this study.  

 

Sample collection 

 113 CBCT images met the inclusion criteria (Table 1). All the images were taken 

using a scanner (iCAT™; Imaging Sciences International, Hatfield, PA, USA) with a 170 x 

130-mm field of view that resulted in 0.25 mm voxel size. Raw digital imaging and 

communications in medicine (DICOM) files of the CBCT images were imported into  

a CBCT viewing software (Kodak Dental Imaging Software 3D Module 2.4.10; Carestream 

Health, Inc., NY, USA). The measurement was done by one examiner.  
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Table 1. Inclusion criteria for image selection 

Inclusion criteria Exclusion criteria 

CBCT image without defects or artifacts Periodontal disease and bone loss 

Images presented teeth from right  
to left maxillary 2nd molars 

The presence of root canal treatments in anterior 
esthetic zone 

Patient’s ages were at least 21 years old The presence of root resorption 

All patients were Thai History of orthodontic treatment 

Normal occlusion The presence of tooth restorations 

Normal overjet and overbite  

Mild or lack of crowding and spacing  

 

Image setting and measurement 

 All CBCT images were set as follows: Transverse plane was parallel to occlusal 

plane, anteroposterior plane was parallel to median palatine suture and vertical plane 

was perpendicular to other planes.  

 

- Arch form measurement 

 The CBCT images were measured in axial view at the level of 3 mm below CEJ 

of right and left canines. The variables in Table 2 were evaluated in order to identify 

the alveolar arch.  
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Table 2 Definitions of arch form variables 

Variables Definitions 

Intercanine width The distance between the root center points of the right 

and left maxillary canines 

Interpremolar width The distance between the root center points of the right 

and left maxillary first premolars 

Intercanine depth The shortest distance from line between the root center 

points of the right and left maxillary canines to the 

midpoint between the root center points of the central 

incisors 

Interpremolar depth The shortest distance from line between the root center 

points of the right and left maxillary first premolars to 

the midpoint between the root center points of the 

central incisors 

Intercanine width/depth ratio Ratio between intercanine width and depth 

 

 The measurements of variables were performed according to Figure 3.  

Root center points of maxillary central incisors (a and a’), canines (b and b’) and first 

premolars (c and c’) were used as the reference points. Three horizontal reference 

lines were created. The first reference line connected root center points of maxillary 

right and left central incisors (aa’ line). The second reference line was drawn from the 

root center point of right canine to the root center point of left canine and was called 
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intercanine width (bb’ line). The third reference line was made between the root 

center points of right and left maxillary first premolars, it was called interpremolar 

width (cc’ line). There were 2 vertical distance, intercanine depth and interpremolar 

depth. The intercanine depth was the shortest distance linked the intercanine width 

to the midpoint of the first reference line (ambm line). The interpremolar depth was 

the shortest distance linked the intrpremolar width to the midpoint of the first 

reference line (amcm line). Intercanine width/depth ratio was calculated.  
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Figure 3. An example of maxillary alveolar arch, a and a’ were the root center points 
of central incisors. aa’ line was the line that linked a and a’ points. b and b’ were 
the root center points of canines. The line that linked between b and b’ points (bb’ 
line) was called intercanine width. c and c’ were the root center points of first 
premolars. The line between c and c’ points (cc’ line) was called interpremolar width. 
am was the midpoint of aa’ line. bm point was the end point of the perpendicular line 
originated from am point to bb’ line. ambm line was intercanine depth. cm point was 
the end point of the perpendicular line originated from am point to cc’ line. amcm 
line was interpremolar depth. 
 
 Intercanine width/depth ratio, intercanine width, and interpremolar width were 

used as parameters for arch form classification since the intercanine width/depth ratio 

represented curve of anterior arch, while intercanine width and interpremolar width 

referred to anterior and posterior arch dimensions respectively. K-means cluster 

analysis was performed to classified subjects into several groups. The appropriate 
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numbers of arch form group were provided using average silhouette width which was 

the method for identifying the dissimilarity in the same group and between groups. 

The proper groups of classification exhibited the widest average silhouette width. 

 In order to identify the type of alveolar arch, fourth degree polynomial function 

was used according to the previous studies that reported human dental and alveolar 

arches could be fit with the fourth degree polynomial equation.9, 11, 13 The fourth 

degree polynomial equation created the smooth curves which were approximately fit 

the exact data of X and Y coordinates. Thus, the X and Y coordinates of each CBCT 

image were set using Kodak Dental Imaging Software 3D Module 2.4 (CodeWeavers, 

Inc., Saint Paul, MN, USA) (Figure 4). Y-axis was created parallel to the median palatine 

suture with the maximum length of 40 mm. X-axis was the line perpendicular to Y-axis 

at the level of root center point of the most posterior second molar, maximum length 

was 80 mm, midpoint of X-axis was located on the median palatine suture.  

The junctional point of X-axis and Y-axis was set as the origin of X and Y coordinates.  
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Figure 4. Y-axis was created parallel to median palatine suture while X-axis was 
perpendicular to Y-axis and pass through the most posterior second molar. This 
example both left and right second molars were in the same level. Green dots referred 
to root center points of the teeth in anterior esthetic zone. X and Y coordinates were 
digitized from the distances between root center point of each tooth to Y-axis and X-
axis respectively. 
 
 All X and Y coordinates of the teeth in anterior esthetic zone (right to left  

1st premolars) were digitally located at the root center point of each tooth. The mean 

coordinates of each group were exported to the mathematical software (MATLAB 

R2013a; Mathworks, Inc., Natick, MA, USA) in order to plot and create the best fitting 

curve using the fourth degree polynomial equation, as follow: 

 f(x) = ax4 + bx3 + cx2 + dx + e 
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- The thickness of buccolingual alveolar bone measurement 

 The buccolingual thickness of alveolar bone was measured in order to 

investigate the correlation with the type of arch form in anterior esthetic zone. The 

CBCT images of all the teeth in anterior esthetic zone were sliced parallel to root axis 

and perpendicular to labial or buccal contour of alveolar bone (Figure 5).  

 

      

Figure 5 (5a) The CBCT image in the axial plane that was sliced perpendicular to labial 
or buccal contour of alveolar bone of left central incisor.  (5b) The CBCT image in the 
coronal plane that was sliced parallel to the root axis of left central incisor. (5c) The 
CBCT image in the sagittal plane that was sliced parallel to the root axis of left central 
incisor. 
 

 The buccolingual bone thickness measurement was performed in cross 

sectional view perpendicular to the long axis of the tooth at 3 mm below CEJ and 

midroot (Figure 6). The average alveolar bone thickness of along the curve of arch form 

in anterior esthetic zone were calculated at both levels.  

5a 5b 5c 
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Figure 6. a level was the CEJ level of left central incisor, b level was the level of 3 
mm below CEJ, c level was the level of mid root and d level was the level of root 
apex. Alveolar buccolingual thickness was measured perpendicular to the long axis 
at the level of 3 mm below CEJ (b) and midroot (c). bm was the buccolingual alveolar 
bone thickness at the level of 3 mm below CEJ. cm was the buccolingual alveolar 
bone thickness at the level of midroot. 
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 The differences between thickness and each type of arch form were evaluated. 

The measurement of buccolingual alveolar bone thickness was modified from  

the study of Braut in 2011 which identified facial bone thickness of the teeth in anterior 

maxillary zone.15 

 

Reliability tests 

 To assure that the examiner reported the reliable results, inter-examiner 

calibration with the expertise was performed by measuring all the variables of ten 

randomly selected subjects until the results of the expertise and the examiner showed 

no significant differences. After that, intra-examiner calibration was achieved by 

measuring all the variables of ten randomly selected subjects for two times,  

the second measurement was carried out 2 weeks apart from the first time. 
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Data Analysis 

Inter-examiner calibration and intra-examiner calibration were evaluated by 

intraclass correlation coefficient (ICC), using two way mixed model with 95% confident 

interval. The maxillary anterior alveolar arch forms were classified using K-means 

cluster analysis and silhouette width. One way ANOVA and LSD post hoc test were 

achieved to find out the variables which influenced the arch form and the differences 

of buccolingual alveolar bone thickness between arch forms. p-values < 0.05 were 

adjudged as statistically differences. The statistical software (SPSS 20.0, SPSS, Chicago, 

IL, USA) was used for statistical data analysis of intra-examiner calibration, inter-

examiner calibration, one way ANOVA and LSD post hoc test. K-means cluster was 

performed by using R software (R 3.2.0, http://www.r-project.org). 

 

 

 

 

 

 

 

 

 

http://www.r-project.org/
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CHAPTER 4 

RESULTS 

The samples consisted 113 subjects (43 males and 70 females), their ages 

ranged from 20 to 39 years, the average age was 30.43 years. The inter-examiner and 

intra-examiner calibrations were subsequently 0.996 and 0.992 in correlations.  

The subjects were classified from three to ten clusters by using K-means cluster 

analysis and found that four clusters showed the highest value of Silhouette width 

that meant the four clusters provided the most similarity within the same cluster and 

the most dissimilarity between clusters (Table 3).  

 

Table 3. K-means cluster analysis and the comparison of average silhouette width. 
The clusters referred to the groups of classification and the widest average silhouette 
width represented the appropriate number of arch form groups. 
 

 

 

Clusters Average silhouette width

3 0.3

4 0.34

5 0.28

6 0.27

7 0.28

8 0.28

9 0.27

10 0.28
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Mean coordinates of the subjects in each group were fit with fourth degree 

polynomial equation’s curves (Figure 7). The arch forms related to width and height of 

the curves were group 1; long narrow arch, group 2; short medium arch, group 3; long 

medium arch, and group 4; long wide arch.  
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Figure 7. The best fitting curve of each cluster. (7a) Long narrow arch form, (7b) Short 
medium arch form, (7c) Long medium arch form, (7d) Long wide arch form. 
 

7a 

7d 

7c 

7b 
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The comparison of arch shapes between four arch groups was demonstrated 

in Figure 8. Numbers of subject, the mean values of all the variables and the cut off 

numbers which were the lower bounds and the upper bounds in each group were 

presented in Table 4. All four groups showed strongly significant difference between 

groups (p-values < 0.001). According to LSD post hoc test, intercanine width and 

interpremolar width of long narrow arch group (29.66 ± 1.32 mm and 36.01 ± 1.39 mm) 

were the narrowest transverse dimensions among all arch form groups followed by 

the intercanine and interpremolar widths of short medium arch group (31.81 ± 1.56 

mm and 38.96 ± 1.41 mm) as well as those of long medium arch group (32.36 ± 1.02 

mm and 38.75 ± 0.84 mm), the two medium groups showed no significant difference 

between each other, while long wide arch group exhibited the widest distance of 

transverse dimensions (35.01 ± 1.26 mm and 41.74 ± 1.41 mm). Intercanine depth and 

interpremolar depth displayed no statistically different between long narrow group 

(5.57 ± 0.90 mm and 11.16 ± 1.38 mm), long medium group (5.43 ± 1.07 mm and 11.30 

± 1.49 mm) and long wide group (5.28 ± 0.96 mm and 11.35 ± 1.42 mm), these three 

long groups provided significant longer anteroposterior dimensions than short medium 

arch group (3.05 ± 0.52 mm and 8.45 ± 1.10 mm). Intercanine width/depth ratio 

presented that short medium arch group demonstrated the largest curve (10.70 ± 1.70), 

followed by long wide arch group (6.83 ± 1.14), long medium arch group (6.14 ± 1.07) 

and the smallest curve was shown in long narrow arch group (5.45 ± 0.85).  
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Figure 8. The comparison of best fitting curves between clusters. 
 

 

Table 4. Numbers of subject, means, standard deviations, lower bounds and upper 
bounds of arch dimensions in four groups of arch form.  

 

LSD Post hoc test; * p-value ≤ 0.05. 

 

 

Groups of arch form Subjects Arch dimensions mean(mm) sd Lower bound(mm) Upper bound(mm)

Intercanine width* 29.66 1.32 29.18 30.13

Interpremolar width* 36.01 1.39 35.51 36.51

Intercanine depth 5.57 0.90 5.25 5.89

Interpremolar depth 11.16 1.38 10.66 11.65

Intercanine width/depth* 5.45 0.85 5.15 5.76

Intercanine width 31.83 1.56 31.05 32.60

Interpremolar width 38.96 1.41 38.26 39.67

Intercanine depth* 3.05 0.52 2.79 3.31

Interpremolar depth* 8.45 1.10 7.90 9.00

Intercanine width/depth* 10.70 1.70 9.85 11.54

Intercanine width 32.26 1.02 31.91 32.60

Interpremolar width 38.75 0.84 38.46 39.03

Intercanine depth 5.43 1.07 5.07 5.79

Interpremolar depth 11.30 1.49 10.79 11.80

Intercanine width/depth* 6.14 1.07 5.78 6.30

Intercanine width* 35.01 1.26 34.51 35.51

Interpremolar width* 41.74 1.41 41.18 42.30

Intercanine depth 5.28 0.96 4.90 5.66

Interpremolar depth 11.35 1.42 10.79 11.91

Intercanine width/depth* 6.83 1.14 6.38 7.28

Long narrow 32

Short medium 18

Long medium 36

Long wide 27
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 Table 5 exhibited the length of arch dimensions, the standard deviations,  

the lower bounds and the upper bounds of each type of arch form. The average 

buccolingual bone thickness along arch curve showed significant difference between 

groups of arch forms at both 3 mm below CEJ and midroot levels with p-values  

< 0.001. At the level of 3 mm below CEJ, long wide arch group has the widest thickness 

(9.26 ± 0.61 mm) followed by long medium arch group (8.86 ± 0.53 mm) while long 

narrow arch group (8.20 ± 0.49 mm) and short medium arch group (8.35 ± 0.72 mm) 

were the narrowest. The similar results presented at the level of midroot, long wide 

arch group exhibited the widest buccolingual bone thickness (9.88 ± 0.95 mm), 

followed by long medium arch group (9.33 ± 0.87 mm), the narrowest buccolingual 

bone thickness were shown in long narrow arch group (8.51 ± 0.57 mm) and short 

medium arch group (8.50 ± 1.01 mm).  

 

Table 5. Numbers of subfect, means, standard deviations, lower bounds and upper 
bounds of bucolingual alveolar bone thickness at the 3 mm below CEJ and midroot 
levels in four groups of arch form. 

 

LSD Post hoc test; * p-value ≤ 0.05. 

Groups of arch form Subjects Variables mean(mm) sd Lower bound(mm) Upper bound(mm)

Long narrow 32 3mm below CEJ 8.20 0.49 8.00 8.39

Midroot 8.51 0.57 8.29 8.74

Short medium 18 3mm below CEJ 8.35 0.72 7.98 8.72

Midroot 8.50 1.01 7.98 9.02

Long medium 36 3mm below CEJ* 8.86 0.53 8.67 9.05

Midroot* 9.33 0.87 9.02 9.64

Long wide 27 3mm below CEJ* 9.26 0.61 8.96 9.55

Midroot* 9.88 0.95 9.42 10.34



 49 

CHAPTER 5 

DISCUSSIONS AND CONCLUSIONS 

Discussions 

Previously, many studies investigated human full arch form at dental  

level5, 7-9, 11, 41, only few studies paid attention to the alveolar arches which related to 

implant dentistry.10, 13, 14 Most of the studies used plaster or 3D virtual models  

to evaluate arch form, while a few study demonstrated the use of CBCT imaging.10, 13 

However none of them gave precedence to alveolar arch form in maxillary anterior 

esthetic zone, thus this study is the first study reported the classification of alveolar 

arch form and the identification of buccolingual thickness of alveolar bone in anterior 

esthetic zone using CBCT imaging.  

In 2013, Bayome et al. and Suk et al. evaluated full alveolar arch from using 

the axial view of CBCT images. The root center points at the level of coronal third  

of right and left mandibular canines were used as the references.10, 13 Since the root 

center points took more advantageous than WALA points because they were located 

in hard tissue that was immovable, hence they were chosen to be the reference points 

in this study. There were studies reported that implant platform should be located  

3-4 mm below free gingival margin of the facial aspect to provide the esthetic 

outcomes.25, 26 This study evaluated the arch forms at the level resembled to 
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recommended implant platform level, consequently the level of 3 mm apical to CEJ 

of left and right canines was used as the reference because the gingival margins were 

possible to locate at CEJ 42 and CBCT images did not present a good quality of soft 

tissue such as gingival margins. Moreover, the zenith points, the most apical point of 

gingival margin, of canines were mostly equal to that of central incisors.43, 44  

Even though the zenith points of lateral incisors and premolars were approximately  

1 mm coronal to that of central incisors and canines45, yet they were still in the range 

of appropriate implant positions.  Recent studies demonstrated that arch form 

classification was based on transverse dimensions and arch width/depth ratio.8, 9, 41 

Therefore our study used intercanine width, interpremolar width, which subsequently 

represented the transverse dimensions of anterior and posterior parts of the anterior 

esthetic arch, and intercanine width/depth ratio, which was described as anterior arch 

curve, as the parameters for anterior arch form classification. In this study, the subjects 

were classified into four groups and the strongly significant differences between groups 

were reported. The results demonstrated that arch form of maxillary anterior esthetic 

region can be classified at the level of implant platform corresponded to the studies 

of dental arch form classification which report the heterogeneous of the dental 

arches.8, 9, 12 Hence, the first null hypothesis was rejected.  

Even though alveolar arch forms in anterior esthetic region could be classified 

similar to dental arch forms, still the influence of arch dimensions were difference.  
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In our study, intercanine width and interpremolar width that represented transverse 

dimensions of anterior alveolar arch played an important role upon the arch form. 

These results corresponded to the previous studies which evaluated full maxillary arch 

form at dental level that reported the effect of anterior transverse dimension  

on anterior dental arch form.8, 9 The anteroposterior dimensions as well as anterior 

arch curve which referred to arch depth and intercanine width/depth ratio respectively 

also influenced the anterior alveolar arch form in our study. However, the previous 

study showed that dental anterior arch depth as well as intercanine width/depth ratio 

did not affected full maxillary dental arch form.9 These results revealed a dissimilarity 

compared to our study. The results could be explained by the study of Bayome  

in 2013 that displayed a strong correlation of anterior transverse dimensions between 

dental and alveolar arches. Nevertheless, there was no significant correlation of 

anterior anteroposterior dimension and anterior arch curve between them.10 Hence, 

anterior alveolar arch form may be different from anterior dental arch form because 

of the dissimilarity in anteroposterior dimension and arch curve. 

Previous reports applied various mathematical function in order to identify 

human dental arches.5-8, 11 Fourth degree polynomial equation was extensively applied 

to create best fitting curve of dental and alveolar arches in many articles.9, 11, 13 

However, the mathematical functions that represented arch form in anterior esthetic 

zone were parabola and mixed model.11, 12 The mixed model separated anterior arch 
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and posterior arch. Midpoints of incisal edge of anterior teeth and canine cusp tips 

were fit with semi-ellipse curve while buccal cusp tips of posterior teeth were fit with 

parabola curve. In 1994, the study of Ferrario compared fourth degree polynomial 

equation with mixed model and revealed that both of the equations were able to use 

for mathematical description of dental arches 11. Since there was no study about curve 

fitting of arch form in anterior esthetic zone at bone level, pilot study was achieved  

to validate the best fitting curves of parabola, ellipse and fourth degree polynomial 

equations. The correlation coefficient of curve fitting was 0.943 in parabola curve, 0.971 

in ellipse curve and 0.995 in fourth degree polynomial curve. Although all curves 

correlated to alveolar arch form in anterior esthetic zone, still fourth degree 

polynomial curve exhibited the highest value. We also tried to fit the data with higher 

degree polynomial equations as reported in the previous study7, but the equations 

exhibited non-smooth curves. Therefore, fourth degree polynomial equation was 

selected for curve fitting in our study. Four different arch curves were displayed after 

fit the average X and Y coordinates of each categories (figure 7) with fourth degree 

polynomial equation, the curves represented shape of the maxillary anterior arch  

at implant platform level. Names of the arches depended on arch width and arch 

depth. Hence, arch form can be classified as long narrow arch, short medium arch, 

long medium arch and long wide arch.  
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Since buccolingual alveolar bone thickness is one of important factors for  

not only the selection of implant diameter and number, but also the decision of bone 

contour augmentation. Moreover, each type of arch form might effect to  

the buccolingual alveolar bone thickness, thus the present study focused on  

the differences of buccolingual alveolar bone thickness between arch forms in anterior 

esthetic region. The results showed that at both levels of implant platform and  

the middle of the root, long wide arch group presented the widest buccolingual bone 

thickness followed by long medium arch group while the narrowest buccolingual bone 

thickness were long narrow arch group and short medium arch group. The results 

rejected the second null hypothesis. These findings implied briefly idea for clinical 

treatment planning that small arches, both in anteroposterior dimension which was 

short medium arch and transverse dimension which was long narrow arch, provided 

narrow alveolar bone thickness. In order to place implants in these types of arch form, 

clinicians should carefully consider implant placement with bone contour 

augmentation or reduce implants diameter or bone contour augmentation when 

horizontal bone loss occurs.  

Within the limits of this study, there were four types of arch form with different 

thickness of buccolingual alveolar bone. These information may help the clinicians 

to thoroughly determine the proper implant diameters and to predict the necessity  

of bone augmentation for each type of arch form. However, there is still lack of the 

information regarding alveolar bone axis, the relationship between alveolar bone axis 
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and maxillary skeletal types, the changes of alveolar arch forms after the different 

periods of anterior teeth extraction and the suitable implant numbers and implant 

position for reducing stress around dental implants which is one of the possible factors 

of further bone resorption after implant placement. Hence, the future studies  

are necessary to promote the esthetically sustainable result of implant treatment  

in anterior esthetic region. The clinical implication of our study in the future is  

to develop the AA curves into 1:1 scaled templates for CBCT software, the clinicians 

will put the template over axial CBCT image of anterior alveolar arch of each patient 

at the implant platform level then determine the appropriate implant numbers, 

implant positions as well as the anterior border of bone augmentation. 

 

Conclusions 

Arch forms in anterior esthetic zone at the level of implant platform  

were classified into four groups as long narrow arch, short medium arch, long medium 

arch and long wide arch. The buccolingual alveolar bone thickness showed significant 

difference among anterior arch forms. 
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APPENDIX 

Appendix A. Sample size calculation 

n = (z2 * σ2) / e2 
n = Sample size 

σ = Standard deviation 
Z = Value from standard normal distribution corresponding to desired confidence 
level 
e = Desire decision 
 This study determined these value form the previous study. 

σ = 1.54 
Z = 1.96 at 95 % confidence interval 
e = 0.30 

According to the result of pilot study, mean and standard deviation was 
applied to calculate the sample size using STATA software (version 10). The number 
of sample size estimation was 109. 
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Appendix B. Alveolar anterior arch dimensions and the classification 

Case 
Intercanine 
width (mm) 

Intercanine 
depth (mm) 

Intercanine 
W/D ratio  

Interpremolar 
width (mm) 

Interpremolar 
depth (mm) 

group 

1 33.6 3.2 10.5 39.7 8.1 2 

2 30.9 6.3 4.9 35.9 12.3 1 

3 33.0 3.9 8.5 39.0 10.6 2 

4 32.9 6.8 4.8 39.0 12.7 3 

5 33.4 5.2 6.4 39.6 11.1 3 

6 35.0 5.4 6.5 43.0 12.6 4 

7 34.3 5.1 6.7 40.5 11.1 4 

8 30.2 4.7 6.4 38.4 10.0 3 

9 33.9 4.5 7.5 40.1 9.4 4 

10 30.5 6.1 5.0 36.8 12.9 1 

11 32.7 5.9 5.5 38.9 12.3 3 

12 29.4 5.8 5.1 36.1 10.9 1 

13 32.9 5.9 5.6 39.0 11.7 3 

14 31.5 6.7 4.7 38.6 12.4 3 

15 28.3 4.0 7.1 35.2 8.5 1 

16 29.6 6.5 4.6 34.0 11.8 1 

17 31.6 5.8 5.4 38.9 11.0 3 

18 30.9 5.7 5.4 36.0 10.8 1 

19 32.4 5.2 6.2 38.6 11.4 3 

20 29.6 5.0 5.9 36.6 8.7 1 

21 32.7 2.6 12.6 39.4 7.6 2 

22 35.2 7.0 5.0 41.6 14.4 4 

23 29.7 5.6 5.3 36.3 12.0 1 

24 30.0 5.9 5.1 35.9 11.8 1 

25 30.8 6.5 4.7 36.4 12.7 1 

26 31.0 5.1 6.1 38.6 10.9 3 

27 30.8 4.4 7.0 36.8 9.7 1 
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Case 
Intercanine 
width (mm) 

Intercanine 
depth (mm) 

Intercanine 
W/D ratio 

Interpremolar 
width (mm) 

Interpremolar 
depth (mm) 

group 

28 30.9 5.9 5.2 38.2 12.0 3 

29 27.9 4.0 7.0 35.7 9.0 1 

30 29.6 5.7 5.2 38.0 12.1 1 

31 28.7 4.8 6.0 38.2 10.1 1 

32 31.0 5.0 6.2 38.1 10.8 3 

33 32.8 4.8 6.8 39.9 11.3 3 

34 29.4 6.0 4.9 35.6 12.5 1 

35 37.0 6.3 5.9 44.6 13.4 4 

36 30.9 5.5 5.6 38.1 11.7 3 

37 33.6 6.5 5.2 39.3 13.6 3 

38 30.8 6.8 4.5 37.5 11.8 1 

39 30.9 5.9 5.2 37.6 10.9 1 

40 33.5 5.9 5.7 39.4 11.6 3 

41 32.6 7.4 4.4 38.0 14.0 3 

42 33.5 4.3 7.8 41.0 9.6 4 

43 34.1 5.6 6.1 37.7 11.9 3 

44 33.2 6.8 4.9 39.5 13.0 3 

45 29.1 5.0 5.8 33.8 10.3 1 

46 33.1 6.2 5.3 38.9 12.7 3 

47 33.0 8.8 3.8 39.0 15.7 3 

48 29.5 6.3 4.7 34.2 11.7 1 

49 28.3 4.5 6.3 36.9 9.9 1 

50 31.5 6.0 5.3 39.5 12.0 3 

51 29.8 7.2 4.1 34.6 12.9 1 

52 33.0 5.6 5.9 39.8 11.1 3 

53 26.6 5.7 4.7 34.7 12.0 1 

54 28.8 4.9 5.9 36.2 11.4 1 

55 29.9 6.0 5.0 35.9 12.2 1 

56 30.0 2.9 10.3 37.5 9.2 2 
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Case 
Intercanine 
width (mm) 

Intercanine 
depth (mm) 

Intercanine 
W/D ratio 

Interpremolar 
width (mm) 

Interpremolar 
depth (mm) 

group 

57 32.2 5.6 5.8 39.3 11.1 3 

58 36.8 6.1 6.0 43.6 12.4 4 

59 32.4 4.5 7.2 39.8 9.8 3 

60 34.1 5.1 6.8 42.2 9.4 4 

61 33.8 5.3 6.4 41.0 11.2 4 

62 34.2 5.1 6.7 42.2 10.7 4 

63 31.0 2.2 13.9 38.6 7.4 2 

64 33.8 3.8 9.0 40.5 10.2 2 

65 31.4 3.9 8.0 39.1 9.5 3 

66 29.0 2.7 10.6 35.4 8.1 2 

67 32.3 4.9 6.6 38.8 10.9 3 

68 32.3 2.2 14.4 40.2 8.3 2 

69 35.1 6.1 5.7 40.5 12.6 4 

70 33.0 6.4 5.2 40.4 12.4 4 

71 35.0 5.0 6.9 41.4 10.9 4 

72 31.5 4.2 7.4 39.6 8.4 3 

73 28.7 2.4 11.9 37.5 9.1 2 

74 32.4 3.2 10.1 39.6 8.8 2 

75 34.6 4.3 8.0 39.9 10.4 4 

76 31.4 4.4 7.1 39.0 9.9 3 

77 35.8 4.4 8.1 41.0 10.3 4 

78 31.0 4.8 6.5 38.5 9.8 3 

79 31.8 4.0 8.0 38.9 9.6 3 

80 32.2 6.6 4.9 36.0 13.0 1 

81 25.6 3.5 7.4 31.9 8.0 1 

82 33.5 4.0 8.5 41.5 9.0 4 

83 31.5 2.9 11.0 40.6 7.7 2 

84 35.3 5.8 6.1 42.4 11.4 4 

85 31.7 3.5 9.0 38.3 7.6 2 
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Case 
Intercanine 
width (mm) 

Intercanine 
depth (mm) 

Intercanine 
W/D ratio 

Interpremolar 
width (mm) 

Interpremolar 
depth (mm) 

group 

86 36.9 5.4 6.9 43.6 11.6 4 

87 34.4 3.4 10.0 40.7 9.3 2 

88 30.1 5.4 5.6 34.4 11.4 1 

89 31.1 3.0 10.4 39.8 7.7 2 

90 31.1 4.0 7.8 39.3 9.5 3 

91 32.4 4.1 7.9 38.5 9.1 3 

92 30.5 4.6 6.6 37.5 9.8 1 

93 31.4 4.5 7.0 36.4 10.6 3 

94 37.5 5.2 7.2 44.0 11.1 4 

95 31.4 3.8 8.4 38.7 10.0 2 

96 34.0 4.2 8.2 40.6 9.9 4 

97 33.9 4.2 8.2 43.3 10.5 4 

98 35.7 5.9 6.1 42.9 13.3 4 

99 37.0 5.7 6.5 39.4 11.7 4 

100 35.9 3.8 9.5 42.9 10.7 4 

101 30.9 2.6 12.1 37.4 6.3 2 

102 32.6 3.4 9.7 38.3 8.1 2 

103 30.3 6.6 4.6 35.7 12.8 1 

104 33.7 4.7 7.2 39.9 10.7 4 

105 32.8 3.2 10.3 40.3 8.1 2 

106 31.0 5.3 5.9 37.3 10.7 1 

107 34.2 5.3 6.5 38.7 12.5 3 

108 29.5 5.7 5.2 37.9 10.7 1 

109 33.6 5.7 5.9 37.9 10.7 3 

110 34.6 7.8 4.5 42.3 14.0 4 

111 36.1 5.6 6.4 41.1 11.8 4 

112 32.6 4.2 7.7 36.0 10.1 3 

113 30.0 6.0 5.0 36.7 11.8 1 
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Appendix C. Buccolingual alveolar bone thickness 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

2 1 14 9.4 10.4 

   13 9.3 7.8 

   12 7.0 5.5 

   11 7.6 7.2 
   21 7.3 6.6 

   22 5.9 6.2 

   23 8.5 8.3 

   24 9.6 8.6 

1 2 14 9.0 9.8 

   13 8.3 7.2 

   12 7.9 8.9 

   11 7.9 7.7 

   21 7.6 6.5 

   22 7.2 7.1 

   23 8.5 7.8 

   24 9.2 8.6 

2 3 14 12.4 13.5 

   13 11.8 12.4 

   12 9.9 8.9 

   11 9.4 9.8 

   21 9.4 8.9 

   22 8.9 8.6 

   23 10.0 11.4 

   24 11.0 11.0 

3 4 14 11.0 10.5 

   13 10.2 10.1 

   12 7.4 7.3 

   11 8.3 8.4 

   21 8.1 8.1 

   22 7.9 7.6 

   23 9.8 9.4 

   24 10.7 10.2 

3 5 14 10.3 11.8 

   13 9.9 12.3 

   12 8.2 10.0 

   11 8.7 9.5 

   21 8.2 8.9 

   22 7.4 8.7 

   23 9.5 12.2 

   24 11.5 12.6 
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Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

4 6 14 10.3 10.3 

   13 9.9 11.2 

  12 7.8 7.9 

   11 8.2 8.6 

   21 7.9 8.4 

   22 7.5 6.5 

   23 9.9 10.0 

   24 9.9 10.2 

4 7 14 9.9 10.7 

   13 9.8 10.1 

   12 7.6 8.3 

   11 8.3 9,2 

   21 8.4 9.0 

   22 7.5 7.7 

   23 9.2 9.6 

   24 9.9 10.2 

3 8 14 10.9 10.0 

   13 9.5 8.1 

   12 8.7 7.6 

   11 8.6 7.4 

     21 8.7 7.7 

   22 8.2 7.6 

   23 9.4 7.3 

   24 10.5 10.0 

4 9 14 12.3 13.2 

   13 11.6 12.6 

   12 9.1 10.3 

   11 9.5 10.6 

   21 10.5 11.6 

   22 8.7 9.9 

   23 10.5 13.4 

   24 11.2 12.7 

1 10 14 10.3 10.5 

   13 9.7 10.6 

   12 7.9 7.6 

   11 8.7 9.5 

   21 8.4 9.0 

   22 7.5 7.7 

   23 9.3 10.1 

   24 9.7 10.9 

 
 



 68 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

3 11 14 10.2 10.2 

   13 9.7 8.6 

   12 7.0 6.5 

   11 8.2 8.4 

   21 7.9 9.4 

   22 7.5 6.9 

   23 10.3 8.9 

  24 10.4 10.4 

1 12 14 10.2 9.1 

   13 8.1 8.0 

   12 6.5 8.0 

   11 7.2 7.7 

   21 7.6 8.9 

   22 7.3 7.9 

   23 7.8 8.3 

   24 9.6 9.9 

3 13 14 10.4 11.3 

   13 8.9 10.7 

   12 8.1 8.6 

   11 9.1 9.5 

   21 8.9 10.0 

   22 6.9 7.5 

   23 9.4 10.5 

   24 10.1 10.9 

3 14 14 9.2 9.2 

   13 9.3 8.5 

   12 7.0 6.8 

   11 7.5 7.5 

   21 7.5 8.1 

   22 6.5 6.9 

   23 8.2 7.9 

   24 9.4 9.7 

1 15 14 8.0 8.8 

   13 7.6 8.9 

   12 4.7 5.4 

   11 7.0 7.9 

   21 6.8 8.2 

   22 5.0 5.9 

   23 7.2 8.1 

   24 7.4 9.0 

 
 



 69 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

1 16 14 9.1 9.0 

   13 7.7 7.5 

   12 7.5 7.6 

   11 8.1 8.6 

   21 8.2 8.7 

   22 7.7 7.7 

   23 7.9 7.2 

   24 9.0 8.9 

3 17 14 9.9 10.9 

   13 9.0 10.4 

   12 7.3 7.2 

   11 7.8 7.9 

   21 8.1 7.7 

   22 6.7 6.6 

   23 9.3 9.5 

   24 10.2 10.5 

1 18 14 9.5 9.7 

   13 8.0 8.6 

   12 6.9 6.8 

   11 8.0 8.7 

   21 8.2 9.2 

   22 7.1 7.0 

   23 8.4 8.6 

   24 9.7 10.4 

3 19 14 9.1 9.2 

   13 8.8 8.3 

   12 7.2 7.2 

   11 7.2 7.7 

   21 7.4 7.0 

   22 8.1 7.0 

   23 8.4 9.1 

   24 9.7 9.2 

1 20 14 9.5 10.0 

   13 9.2 8.4 

   12 6.7 6.8 

   11 7.3 7.4 

   21 6.6 7.6 

   22 6.6 6.5 

   23 8.5 8.9 

   24 9.2 10.0 

 
 



 70 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

2 21 14 10.7 11.5 

   13 9.6 10.6 

   12 7.5 8.6 

   11 8.1 9.0 

   21 8.5 9.3 

   22 7.5 7.5 

   23 9.6 11.6 

   24 9.5 10.6 

4 22 14 11.6 11.4 

   13 11.2 10.2 

   12 9.1 10.0 

   11 8.7 11.3 

   21 8.7 11.3 

   22 9.6 10.5 

   23 10.4 11.6 

   24 10.3 10.5 

1 23 14 9.0 9.3 

   13 9.2 8.7 

   12 7.4 6.9 

   11 8.0 8.3 

   21 7.1 8.2 

   22 7.2 6.9 

   23 8.7 9.2 

   24 9.3 9.6 

1 24 14 9.0 10.1 

   13 8.4 10.6 

   12 7.4 8.2 

   11 8.1 9.1 

   21 7.9 7.7 

   22 7.0 7.9 

   23 8.7 9.2 

   24 8.9 9.8 

1 25 14 10.5 11.1 

   13 10.2 10.6 

   12 7.8 8.5 

   11 9.3 10.4 

   21 9.2 10.5 

   22 7.8 8.2 

   23 10.0 11.0 

   24 9.9 10.6 

 
 



 71 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

3 26 14 8.6 8.9 

   13 7.5 8.1 

   12 7.0 8.5 

   11 8.6 10.3 

   21 8.2 10.4 

   22 7.5 8.7 

   23 8.0 8.7 

   24 9.7 9.4 

1 27 14 7.1 7.2 

   13 8.9 8.3 

   12 6.2 6.7 

   11 6.7 7.0 

   21 7.1 6.5 

   22 6.4 6.4 

   23 8.2 8.5 

   24 9.0 9.2 

3 28 14 11.0 11.6 

   13 9.7 10.5 

   12 7.9 8.1 

   11 8.2 10.6 

   21 9.1 11.2 

   22 7.3 9.6 

   23 10.2 11.4 

   24 10.2 12.0 

1 29 14 7.9 8.7 

   13 8.2 8.7 

   12 6.7 6.4 

   11 7.4 7.1 

   21 7.8 7.1 

   22 6.7 6.5 

   23 7.9 7.8 

   24 7.8 7.5 

1 30 14 9.6 10.0 

   13 7.8 9.0 

   12 7.2 7.5 

   11 8.1 9.2 

   21 8.6 9.0 

   22 7.7 8.0 

   23 9.4 9.4 

   24 8.8 10.0 

 
 



 72 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

1 31 14 9.7 10.2 

   13 10.1 9.1 

   12 7.2 8.3 

   11 8.4 9.7 

   21 8.1 8.9 

   22 8.3 8.5 

   23 9.2 9.3 

   24 9.6 10.1 

3 32 14 9.8 10.3 

   13 9.0 9.7 

   12 7.5 7.6 

   11 8.0 7.2 

   21 8.0 8.2 

   22 6.2 7.9 

   23 9.0 8.6 

   24 9.7 9.8 

3 33 14 10.3 10.5 

   13 9.8 11.1 

   12 9.2 9.4 

   11 9.9 9.9 

   21 10.4 11.1 

   22 8.8 9.8 

   23 9.9 12.3 

   24 10.5 11.1 

1 34 14 10.4 10.4 

   13 7.6 8.2 

   12 7.2 7.2 

   11 7.4 7.4 

   21 7.6 8.4 

   22 7.0 7.8 

   23 8.2 8.1 

   24 10.4 10.6 

4 35 14 8.0 9.2 

   13 9.7 11.7 

   12 7.6 8.3 

   11 8.2 9.5 

   21 8.4 10.6 

   22 7.6 9.4 

   23 9.1 10.5 

   24 8.5 9.0 

 
 



 73 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

3 36 14 9.4 11.2 

   13 9.1 12.8 

   12 7.3 7.9 

   11 8.0 9.4 

   21 7.7 8.7 

   22 7.6 8.5 

   23 9.0 9.9 

   24 9.4 10.0 

3 37 14 10.2 10.1 

   13 9.3 9.5 

   12 8.4 7.4 

   11 8.3 8.5 

   21 8.5 8.8 

   22 8.3 8.7 

   23 8.7 9.1 

   24 9.7 10.3 

1 38 14 9.9 10.2 

   13 7.9 9.3 

   12 7.7 7.9 

   11 8.3 10.0 

   21 8.8 10.0 

   22 7.2 8.2 

   23 8.1 8.7 

   24 10.1 10.3 

1 39 14 10.9 12.8 

   13 10.9 12.0 

   12 6.4 10.1 

   11 8.0 9.8 

   21 7.8 9.4 

   22 7.0 10.0 

   23 11.5 12.4 

   24 10.9 11.6 

3 40 14 10.6 10.7 

   13 9.7 10.5 

   12 8.8 8.1 

   11 8.4 8.8 

   21 8.6 8.8 

   22 8.5 8.3 

   23 9.4 10.0 

   24 10.4 10.4 

 
 



 74 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

3 41 14 9.6 9.5 

   13 8.6 10.3 

   12 7.4 7.3 

   11 7.7 7.3 

   21 7.8 7.3 

   22 7.2 7.0 

   23 9.1 10.4 

   24 9.8 9.2 

4 42 14 10.4 11.3 

   13 8.7 10.2 

   12 7.3 8.1 

   11 6.9 8.3 

   21 7.0 8.5 

   22 7.4 8.1 

   23 9.1 10.5 

   24 9.2 10.8 

3 43 14 10.0 10.1 

   13 10.0 15.6 

   12 8.4 9.6 

   11 9.2 9.8 

   21 8.4 9.3 

   22 7.8 8.8 

   23 9.4 10.0 

   24 8.9 9.7 

3 44 14 9.2 10.2 

   13 9.5 9.8 

   12 8.0 8.0 

   11 8.6 8.0 

   21 8.3 8.3 

   22 7.9 8.4 

   23 9.8 10.2 

   24 10.3 10.0 

1 45 14 10.0 9.2 

   13 9.7 9.2 

   12 8.3 8.3 

   11 8.7 7.5 

   21 8.3 8.0 

   22 7.7 7.2 

   23 9.8 9.7 

   24 10.2 9.5 

 
 



 75 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

3 46 14 11.2 11.2 

   13 9.0 11.4 

   12 7.8 8.2 

   11 8.9 10.1 

   21 8.6 9.5 

   22 8.1 8.3 

   23 9.8 11.4 

   24 10.2 10.8 

3 47 14 11.6 11.8 

   13 10.4 11.2 

   12 8.6 10.1 

   11 9.6 11.6 

   21 9.8 12.2 

   22 9.1 11.5 

   23 10.7 10.9 

   24 11.2 12.2 

1 48 14 9.3 8.9 

   13 7.8 7.4 

   12 7.5 7.5 

   11 7.8 8.4 

   21 7.9 8.7 

   22 7.6 7.6 

   23 8.1 7.4 

   24 9.2 9.2 

1 49 14 8.6 10.9 

   13 8.0 7.2 

   12 7.2 7.5 

   11 7.2 7.4 

   21 7.0 7.2 

   22 7.7 8.5 

   23 8.3 9.7 

   24 9.0 10.2 

3 50 14 8.7 9.8 

   13 8.7 10.2 

   12 7.5 7.4 

   11 8.1 8.3 

   21 7.9 8.8 

   22 7.5 7.4 

   23 9.1 9.4 

   24 9.6 9.1 

 
 



 76 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

1 51 14 10.1 9.7 

   13 8.5 8.8 

   12 7.4 7.1 

   11 8.1 8.0 

   21 8.1 8.0 

   22 7.3 7.1 

   23 9.7 10.5 

   24 10.1 10.3 

3 52 14 11.5 12.3 

   13 10.6 10.8 

   12 7.7 7.2 

   11 8.1 7.6 

   21 8.8 7.7 

   22 8.5 7.2 

   23 10.1 9.4 

   24 12.1 10.6 

1 53 14 10.0 8.8 

   13 8.4 7.7 

   12 6.9 7.7 

   11 8.4 7.7 

   21 8.4 7.7 

   22 7.3 7.3 

   23 8.2 8.0 

   24 9.2 8.9 

1 54 14 9.1 9.1 

   13 8.6 8.8 

   12 7.2 6.6 

   11 6.7 7.5 

   21 7.7 8.4 

   22 7.0 7.4 

   23 8.7 8.8 

   24 10.0 10.6 

1 55 14 8.5 9.7 

   13 8.7 8.3 

   12 7.0 6.9 

   11 6.8 7.5 

   21 6.9 8.0 

   22 6.9 7.2 

   23 7.9 8.7 

   24 8.9 9.9 

 
 



 77 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm)  
mid root 

(mm) 

2 56 14 10.0 9.8 

   13 9.3 8.9 

   12 6.7 6.3 

   11 8.0 7.5 

   21 7.8 7.7 

   22 6.8 6.6 

   23 8.9 7.8 

   24 9.4 9.0 

3 57 14 9.0 9.4 

   13 8.2 8.3 

   12 7.0 6.8 

   11 7.3 7.6 

   21 6.9 7.7 

   22 6.2 5.9 

   23 7.4 8.0 

   24 8.6 8.5 

4 58 14 10.9 11.4 

   13 10.2 10.4 

   12 7.5 8.8 

   11 8.2 8.4 

   21 8.0 8.5 

   22 8.0 9.0 

   23 10.4 9.9 

   24 10.1 9.9 

3 59 14 10.9 11.2 

   13 9.1 9.8 

   12 7.4 7.4 

   11 8.0 8.5 

   21 7.7 8.0 

   22 7.2 7.2 

   23 9.4 10.1 

   24 9.9 9.4 

4 60 14 9.6 12.0 

   13 8.8 10.1 

   12 7.4 8.2 

   11 9.0 10.1 

   21 8.6 9.8 

   22 8.1 8.3 

   23 10.6 11.7 

   24 10.4 11.2 

 
 



 78 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

4 61 14 9.3 10.2 

   13 8.5 9.1 

   12 7.4 6.9 

   11 7.7 8.0 

   21 7.5 7.7 

   22 7.5 7.4 

   23 9.0 9.0 

   24 9.3 9.6 

4 62 14 10.4 11.0 

   13 9.0 9.9 

   12 7.7 7.8 

   11 7.5 8.2 

   21 8.3 9.0 

   22 7.6 7.2 

   23 9.8 9.9 

   24 9.0 9.0 

2 63 14 9.3 9.9 

   13 7.8 8.8 

   12 5.8 5.9 

   11 6.6 6.6 

   21 7.0 7.0 

   22 6.9 6.4 

   23 9.9 10.4 

   24 9.3 9.6 

2 64 14 11.7 12.0 

   13 10.1 11.0 

   12 8.2 8.0 

   11 8.8 9.1 

   21 9.0 9.0 

   22 8.0 7.7 

   23 10.1 10.1 

   24 10.7 12.2 

3 65 14 9.3 9.8 

   13 9.1 9.0 

   12 7.4 8.3 

   11 8.6 9.9 

   21 8.6 10.4 

   22 7.8 8.5 

   23 9.6 9.9 

   24 10.6 10.4 

 
 



 79 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

2 66 14 8.8 10.4 

   13 8.8 8.6 

   12 7.7 6.9 

   11 8.2 7.8 

   21 8.2 7.2 

   22 8.2 7.0 

   23 8.8 8.9 

   24 8.6 9.0 

3 67 14 10.4 11.4 

   13 9.8 11.2 

   12 9.0 10.6 

   11 8.6 9.3 

   21 8.3 10.6 

   22 8.2 8.8 

   23 9.6 10.9 

   24 9.4 11.2 

2 68 14 11.0 11.7 

   13 9.8 12.5 

   12 7.7 7.7 

   11 7.8 8.5 

   21 7.5 8.2 

   22 7.5 6.7 

   23 10.7 12.0 

   24 11.0 10.6 

4 69 14 10.4 11.8 

   13 11.5 13.1 

   12 9.0 9.9 

   11 10.1 10.6 

   21 10.2 12.2 

   22 8.6 9.9 

   23 11.4 12.5 

   24 10.6 11.7 

4 70 14 8.8 9.0 

   13 8.8 9.1 

   12 6.2 6.4 

   11 6.4 6.9 

   21 6.9 6.2 

   22 6.1 6.1 

   23 8.2 9.8 

   24 9.8 9.5 

 
 



 80 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

4 71 14 9.9 9.8 

   13 8.6 8.5 

   12 6.5 6.4 

   11 7.2 7.1 

   21 7.4 7.6 

   22 6.5 6.4 

   23 8.2 8.1 

   24 9.8 9.5 

3 72 14 9.0 10.0 

   13 8.2 7.8 

   12 6.3 7.3 

   11 7.8 8.1 

   21 7.8 7.2 

   22 6.0 6.8 

   23 8.3 7.8 

   24 9.0 10.0 

2 73 14 9.3 9.4 

   13 8.6 8.6 

   12 7.0 6.8 

   11 7.7 7.8 

   21 7.8 7.8 

   22 6.9 7.1 

   23 8.8 8.8 

   24 9.8 8.0 

2 74 14 8.5 9.4 

   13 6.2 6.2 

   12 6.3 6.3 

   11 6.9 6.5 

   21 6.6 6.7 

   22 5.5 5.5 

   23 6.4 6.3 

   24 8.2 8.3 

4 75 14 10.6 10.1 

   13 9.2 11.8 

   12 7.4 8.0 

   11 7.8 7.8 

   21 7.6 7.4 

   22 7.0 7.7 

   23 9.4 11.5 

   24 10.0 10.8 

 
 



 81 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

3 76 14 10.1 9.8 

   13 9.2 8.6 

   12 7.8 8.2 

   11 8.1 8.6 

   21 8.5 9.0 

   22 7.7 7.7 

   23 9.4 9.6 

   24 10.6 10.6 

4 77 14 10.6 11.1 

   13 11.2 12.6 

   12 7.7 9.8 

   11 7.8 9.4 

   21 7.7 8.4 

   22 8.1 8.7 

   23 10.8 12.1 

   24 10.2 10.6 

3 78 14 8.0 8.3 

   13 8.2 7.5 

   12 6.6 6.5 

   11 7.2 7.4 

   21 7.0 7.3 

   22 6.5 6.5 

   23 8.4 8.3 

   24 8.6 8.7 

3 79 14 9.3 10.2 

   13 7.9 7.8 

   12 6.9 6.4 

   11 6.9 6.8 

   21 6.6 7.0 

   22 7.0 7.0 

   23 7.8 8.1 

   24 8.6 9.4 

1 80 14 11.0 9.9 

   13 10.0 10.2 

   12 8.2 8.0 

   11 8.3 7.8 

   21 8.2 8.4 

   22 8.2 7.7 

   23 9.9 10.1 

   24 10.5 10.4 

 
 



 82 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

1 81 14 8.7 9.1 

   13 8.5 8.5 

   12 6.6 7.0 

   11 6.6 7.4 

   21 6.9 6.8 

   22 7.3 7.3 

   23 8.2 7.9 

   24 8.9 8.6 

4 82 14 9.6 8.7 

   13 9.0 9.4 

   12 7.4 7.3 

   11 8.1 7.7 

   21 7.8 7.8 

   22 7.0 7.1 

   23 9.8 9.4 

   24 9.1 8.4 

2 83 14 9.4 8.5 

   13 8.6 7.9 

   12 5.9 5.4 

   11 6.6 6.6 

   21 6.5 6.2 

   22 6.1 5.7 

   23 8.6 8.2 

   24 9.4 9.5 

4 84 14 8.4 9.4 

   13 9.4 9.9 

   12 7.8 8.0 

   11 7.7 8.1 

   21 7.7 8.0 

   22 7.6 7.6 

   23 9.4 10.1 

   24 8.5 8.9 

2 85 14 10.9 11.5 

   13 10.6 10.4 

   12 7.5 7.3 

   11 7.3 8.0 

   21 7.3 7.3 

   22 6.2 6.3 

   23 11.0 10.5 

   24 10.0 10.2 

 
 



 83 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

4 86 14 10.1 11.4 

   13 10.1 9.8 

   12 7.4 8.3 

   11 10.0 10.2 

   21 9.0 8.9 

   22 7.5 7.7 

   23 8.8 9.3 

   24 10.0 11.2 

2 87 11 10.5 12.1 

   13 10.8 13.0 

   12 7.4 7.9 

   11 8.5 9.5 

   21 8.8 9.7 

   22 7.4 7.8 

   23 10.4 12.4 

   24 10.5 12.2 

1 88 11 10.3 10.0 

   13 9.9 10.4 

   12 7.2 7.3 

   11 7.7 8.1 

   21 7.9 7.8 

   22 7.7 7.7 

   23 9.2 9.8 

   24 10.2 10.0 

2 89 11 9.4 10.0 

   13 9.7 9.5 

   12 7.7 7.3 

   11 8.1 8.1 

   21 8.2 8.2 
   22 7.8 7.3 

   23 9.3 8.0 

   24 9.8 8.2 

3 90 11 9.6 10.5 

   13 9.5 10.8 

   12 7.8 8.4 

   11 8.0 9.0 

   21 8.2 9.2 

   22 7.4 8.4 

   23 9.7 10.6 

   24 9.2 9.6 

 
 



 84 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

3 91 11 9.9 9.7 

   13 9.5 10.2 

   12 7.5 7.5 

   11 8.7 10.2 

   21 7.8 8.6 

   22 7.4 8.1 

   23 9.4 10.7 

   24 9.5 10.6 

1 92 11 10.6 11.3 

   13 10.2 10.3 

   12 7.0 7.8 

   11 8.2 8.9 

   21 8.2 8.1 

   22 7.0 7.4 

   23 10.2 10.4 

   24 9.7 10.4 

3 93 11 10.2 10.9 

   13 9.6 11.0 

   12 6.5 6.0 

   11 7.5 8.2 

   21 7.1 7.9 

   22 6.7 6.3 

   23 10.2 11.9 

   24 10.4 11.6 

4 94 11 9.2 10.0 

   13 10.1 10.9 

   12 7.4 8.3 

   11 9.0 8.8 

   21 8.5 8.7 

   22 7.4 8.0 

   23 9.8 10.3 

   24 9.0 9.7 

2 95 11 9.6 9.6 

   13 9.9 9.2 

   12 6.6 6.6 

   11 7.6 7.0 

   21 8.2 8.4 

   22 6.7 6.8 

   23 9.7 9.8 

   24 9.8 9.9 

     

 



 85 

 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

4 96 11 10.3 11.0 

   13 9.1 10.1 

   12 6.6 6.8 

   11 6.9 8.2 

   21 6.6 8.4 

   22 6.5 6.6 

   23 9.6 11.7 

   24 9.3 10.6 

4 97 11 10.3 10.8 

   13 10.1 9.8 

   12 7.8 7.8 

   11 8.5 8.2 

   21 8.3 8.2 

   22 7.4 7.4 

   23 9.5 9.5 

   24 9.8 10.5 

4 98 11 9.5 11.3 

   13 10.7 13.0 

   12 8.4 9.9 

   11 9.7 10.4 

   21 9.2 9.8 

   22 8.1 9.2 

   23 10.6 12.2 

   24 10.8 11.1 

4 99 11 10.0 11.3 

   13 11.2 11.7 

   12 7.7 7.0 

   11 8.3 8.0 

   21 8.7 8.9 

   22 9.9 8.9 

   23 11.9 13.0 

   24 11.3 11.5 

4 100 11 11.4 11.8 

   13 10.6 10.6 

   12 8.0 8.3 

   11 9.0 9.6 

   21 9.1 9.5 

   22 8.3 9.6 

   23 10.6 12.0 

   24 11.4 11.4 

 



 86 

 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

2 101 11 9.8 11.3 

   13 9.6 10.5 

   12 6.9 6.5 

   11 7.4 7.8 

   21 7.4 8.2 

   22 6.7 6.6 

   23 9.3 10.3 

   24 10.2 10.7 

2 102 11 9.2 9.9 

   13 7.8 9.0 

   12 6.5 6.6 

   11 7.3 7.7 

   21 7.3 7.4 

   22 6.5 6.0 

   23 7.6 8.5 

   24 7.3 7.8 

1 103 11 9.8 10.0 

   13 9.9 9.5 

   12 7.8 7.6 

   11 9.4 9.5 

   21 8.8 8.9 

   22 7.9 7.1 

   23 10.5 10.4 

   24 10.2 10.2 

4 104 11 11.1 11.7 

   13 10.2 11.0 

   12 7.8 8.1 

   11 7.9 8.1 

   21 7.8 8.5 

   22 7.5 8.2 

   23 10.3 10.8 

   24 11.0 12.0 

2 105 11 10.5 10.6 

   13 8.5 8.2 

   12 5.8 5.5 

   11 6.9 6.6 

   21 7.2 6.6 

   22 6.0 6.2 

   23 8.6 9.0 

   24 10.0 10.2 

 



 87 

 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 

1 106 11 10.2 10.6 

   13 8.9 9.9 

   12 7.1 7.5 

   11 7.9 8.5 

   21 7.5 7.8 

   22 6.9 7.8 

   23 9.9 11.0 

   24 10.6 10.1 

3 107 11 8.9 8.3 

   13 9.0 9.9 

   12 7.6 8.3 

   11 8.4 8.6 

   21 8.8 10.0 

   22 8.2 8.2 

   23 10.0 9.8 

   24 9.0 8.9 

1 108 11 8.7 9.0 

   13 8.4 9.3 

   12 7.4 7.7 

   11 8.0 7.4 

   21 7.6 7.6 

   22 7.1 7.4 

   23 9.0 8.2 

   24 7.9 8.7 

3 109 11 8.3 8.4 

   13 8.4 8.5 

   12 5.9 7.0 

   11 6.6 7.5 

   21 7.2 7.9 

   22 5.8 5.8 

   23 8.2 7.4 

   24 8.2 8.2 

4 110 11 9.0 6.9 

   13 8.5 8.7 

   12 6.8 6.9 

   11 7.8 7.5 

   21 7.4 8.2 

   22 6.7 6.7 

   23 7.7 8.2 

   24 9.4 9.3 

 



 88 

 

Group Case 
tooth 

number 
3 mm below 

CEJ (mm) 
mid root 

(mm) 
4 111 11 11.2 11.5 

   13 10.5 11.1 

   12 7.6 7.5 

   11 9.6 9.7 

   21 9.2 9.9 

   22 7.7 7.8 

   23 11.4 12.2 

   24 11.3 11.5 

3 112 11 10.4 10.7 

   13 10.7 10.8 

   12 8.0 7.7 

   11 8.2 7.8 

   21 8.3 7.9 

   22 7.6 7.7 

   23 10.2 10.6 

   24 9.8 9.5 

1 113 11 9.5 10.8 

   13 8.6 8.8 

   12 7.6 6.7 

   11 8.3 8.7 

   21 8.5 9.1 

   22 7.3 7.9 

   23 8.8 9.4 

    24 10.8 11.0 
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