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 สุทธิเกียรติ สมวสุนธรา : ความสัมพันธ์ระหว่างรูปแบบส่วนโค้งฟันหน้าขากรรไกรบนกับความหนา

ของกระดูกรอบรากฟันและแนวตำแหน่งแกนฟันในแนวดิ่งของฟันตัดบนซี่กลาง : วิเคราะห์โดยโคน
บีมคอมพิวเตดโทโมกราฟฟี. ( ASSOCIATION AMONG ANTERIOR MAXILLARY DENTAL ARCH 
FORM, ALVEOLAR BONE THICKNESS AND SAGITTAL ROOT POSITION OF MAXILLARY 
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วัตถุประสงค์: เพื่อศึกษาความสัมพันธ์ระหว่างรูปแบบส่วนโค้งฟันหน้าขากรรไกรบน,อายุร่วมกับเพศ

เเละเเนวตำเเหน่งเเกนฟันในเเนวดิ่งเกี่ยวกับความหนาของกระดูกรอบรากฟันของฟันตัดบนซี่กลาง วิเคราะห์โดย
โคนบีมคอมพิวเตดโทโมกราฟฟี 

วิธีการศึกษา: คัดเลือก 280 ไฟล์ภาพรังสีส่วนตัดโคนบีมคอมพิวเตดโทโมกราฟฟีเพื่อนำมาจำเเนกรูป
แบบส่วนโค้งฟันหน้าขากรรไกรบนเเละจำเเนกกลุ่มอายุร่วมกับเพศ จากนั้นนำ 560 ไฟล์ภาพรังสีส่วนตัดโคนบีม
คอมพิวเตดโทโมกราฟฟีของฟันตัดบนซี่กลางมาวัดความหนาของกระดูกรอบรากฟันที่ระดับ  3 มิลลิเมตร จาก
รอยต่อเคลือบรากฟันกับเคลือบฟัน, กึ่งกลางราก เเละ ปลายราก ร่วมกับการจำเเนกประเภทเเนวตำเเหน่งเเกน
ฟันในเเนวดิ่ง โดยใช้การวิเคราะห์ไคสเเควร์, ทดสอบครัสคาล-วัลลิสเเละการวิเคราะห์การถดถอยเชิงเส้นพหุคูณ 

ผลกรศึกษา: พบความเเตกต่างอย่างมีนัยสำคัญของความหนากระดูกรอบรากฟันในเเต่ละรูปแบบ
ส่วนโค้งฟันหน้าขากรรไกรบนเเละเเต่ละประเภทเเนวตำเเหน่งเเกนฟันในเเนวดิ่งที่บริเวณระดับปลายราก รูปเเบ
บส่วนโค้งฟันรูปสี่เหลี่ยมเเละเเนวตำเเหน่งเเกนฟันในเเนวดิ่งประเภทที่ 1 เเสดงความหนาของกระดูกมากที่สุดที่
บริเวณระดับปลายรากในด้านเพดานปาก รูปเเบบส่วนโค้งฟันรูปรีเเละเเนวตำเเหน่งเเกนฟันในเเนวดิ่งประเภทท่ี 
2 เเสดงความหนาของกระดูกมากที่สุดที่บริเวณระดับปลายรากในด้านริมฝีปาก โดยไม่พบความสัมพันธ์ระหว่าง
รูปแบบส่วนโค้งฟันหน้าขากรรไกรบนกับประเภทเเนวตำเเหน่งเเกนฟันในเเนวดิ่ง  เเละในกลุ่มผู้หญิงสูงอายุมี
ความสัมพันธ์กับการลดลงของความหนาของกระดูกรอบรากฟันอย่างมีนัยสำคัญเเละพบความสัมพันธ์เชิงลบใน
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ABSTRACT (ENGLISH) 
# # 6175849732 : MAJOR ESTHETIC RESTORATIVE AND IMPLANT DENTISTRY 
KEYWORD: Dental Arch, Alveolar process, Dental Implants, CBCT 
 Suttikiat Somvasoontra : ASSOCIATION AMONG ANTERIOR MAXILLARY DENTAL ARCH 

FORM, ALVEOLAR BONE THICKNESS AND SAGITTAL ROOT POSITION OF MAXILLARY 
CENTRAL INCISOR: A CONE BEAM COMPUTED TOMOGRAPHY ANALYSIS. Advisor: Assoc. 
Prof. ATIPHAN PIMKHAOKHAM, D.D.S., M.P.A., Ph.D. Co-advisor: Assoc. Prof. PRAVEJ 
SERICHETAPHONGSE, D.D.S., M.S. 

  
Purpose: This study evaluated the association among the dental arch form, age-sex 

groups, and sagittal root position regarding alveolar bone thickness in the maxillary central 
incisor using cone-beam computed tomography (CBCT) images. 

Materials and Methods: CBCT images of 280 patients were categorized based on the 
dental arch form and age-sex groups. Five hundred and sixty sagittal CBCT images of the 
maxillary central incisors were examined to measure the labial and palatal bone thickness at 
the root apex level, at the mid-root level and 3 mm apically from cemento-enamel junction, 
with SRP classification. Chi-square, Kruskal-Wallis test, and multiple linear regression were used 
for statistical analyses. 

Results: Significant differences in alveolar bone thickness among the arch form and 
SRP. Square dental arch form and class I SRP showed the highest bone thickness at root 
apex levels of the palatal aspect. Taper dental arch form and class II SRP presented the 
highest bone thickness at the apex level of the labial aspect. No association between the 
distribution of dental arch form and SRP was found. The elderly female was significantly 
associated with thinner alveolar bone thickness and showed the negative correlation at all 
sites.  

Conclusion: The patient's dental arch form, age-sex group, and sagittal root position 
affect their alveolar bone around maxillary central incisors in varying magnitude. Therefore, the 
clinician should take these combinations of factors into account when planning implant 
placement. 
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CHAPTER I INTRODUCTION 

Rationale and Significance of the Problem 
 Dental implants are the most common option for tooth replacement that 

enhances the oral health-related quality of life (OHRQoL)1, especially in the esthetic area.2 The 

single-tooth gap replacement in the anterior maxilla, maxillary central incisor, is challenging for 

the clinician in functional and esthetically outcomes. Numerous studies show the factors that 

affected the treatment outcomes in this area, including the correct three-dimensional position of 

the fixture, primary stability of the dental implant, and quantity of available bone.3-5 Grunder et 

al.6 recommended the minimum thickness of facial bone is two mm., preferably four mm. Kan et al. 

7,8 classify the sagittal root position into four classes to evaluate the bone housing involved with 

implant therapy. Altogether, the alveolar bone thickness is an essential key factor in choosing the 

implant's design and placement. 

World Population Aging 2019 defines "Elderly persons" as persons aged 65 years or over. 

Globally, the proportion of implant patients aged over 70 increased rapidly.9,10 By 2050, 1 in 6 

people will become elderly, up from 1 in 11 in 2019.11 The world will become an aging society. 

Chronological age has been suggested as one of the risk factors for implant success. Some 

studies reported that age might be associated with a higher implant failure rate.12,13 Aging was a 

factor in reducing the buccal bone wall of the anterior maxillary teeth.14 On the other hand, sex 

https://www.sciencedirect.com/topics/medicine-and-dentistry/implant-failure
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was also reported to have a negative linear correlation with the palatal bone thickness and 

significantly thinner bone wall in postmenopausal women.15,16 Therefore, changes in the anterior 

maxillary alveolar bone thickness would be associated with age and sex difference.  

In implant dentistry, the arch form of the maxilla influenced the prosthetic treatment 

plan, such as stress distribution around the dental implant, the number of implants, and the 

implant position.13,14 In addition, several studies used the CBCT to find the relationship between 

bone quantity and various types of arch form, for example, alveolar arch form and dental arch 

form.15,16 The database of bone quantity from the CBCT image files related to the clinical arch 

form may help predict the quantity of the alveolar bone.  

Cone-beam computed tomography (CBCT) is a non-invasive and high-resolution imaging 

technique widely used in various dentistry fields, especially in planning implant surgeries.17 CBCT 

is helpful to measure bone thickness. Three-dimensional(3D) images are not subject to distortion 

or affected by the surrounding structures' superposition. From the essential of alveolar bone 

thickness and accuracy of CBCT, Bulyalert et al.18 recently reported the classification of the 

alveolar arch form in the maxillary anterior esthetic zone related to the alveolar bone thickness. 

In contrast, CBCT is unavailable for every dental hospital or private dental clinic. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3 

Practically, due to the cost of the CBCT machine being still high, every dental clinic or 

hospital cannot provide for the clinician. Misch 19 presented the  p ractical measurement 

methods to classify the dental arch form by measuring the distance of the anterior 

cantilever in the premaxilla area from the dental model or intraoral measurement. 

Additionally, the previous studies reported that tooth dimension and arch measurement 

accuracy and reliability using CBCT are clinically acceptable.20,21 Therefore, this study used 

the CBCT imaging files to categorize the dental arch form.  

Taken together, an in-detail understanding of alveolar bone thickness, dental arch form, 

and sagittal root position in the maxillary central incisor according to age and sex could help to 

predict the prognosis of implant treatment in this challenging area, then reduce the rate of a 

surgical complication, prosthetic complication, and esthetic complication. 

Therefore, the objective of this study was to evaluate the association among the dental 

arch form, age-sex groups, and SRP regarding alveolar bone thickness in the maxillary central 

incisor using CBCT images, and the correlation between the predictor variables and alveolar bone 

thickness using cone-beam computed tomography (CBCT) images. 
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Research Question 
Is there any association among the dental arch form, age-sex groups, and sagittal root 

position (SRP) regarding alveolar bone thickness in the maxillary central incisor using cone-beam 

computed tomography (CBCT) images? 

 

Research Objectives 
To find associate among the dental arch form, age-sex groups, and sagittal root position 

(SRP) regarding alveolar bone thickness in the maxillary central incisor using cone beam 

computed tomography (CBCT) images.  

 

Hypothesis 

• Null Hypothesis (H0) 

There is no association among alveolar bone thickness, sagittal root position of maxillary 

central incisor tooth, and dental arch form by using CBCT images. 

• Alternative Hypothesis (H1) 

There is an association among alveolar bone thickness, sagittal root position of maxillary 

central incisor tooth, and dental arch form by using CBCT images. 
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Conceptual Framework 

 
Figure  1 The conceptual framework 

Keywords 
Dental Arch, Alveolar Process, Dental Implants, CBCT 

 

Expected benefit of the study 
 The outcome of this study will demonstrate the alternative method for classifying dental 

arch form intraorally, which can predict the information of alveolar bone thickness in the 

maxillary central incisor region, and also the relationship among the type of the dental arch form, 

class of the sagittal root position and the labio-palatal thickness of the anterior maxillary alveolar 

ridge at the maxillary central incisor area, including with the data of the sagittal root position in 

all age-sex groups. Moreover, a patient that does not require to use the cone beam computed 

tomography examination. This study will improve the communication of clinicians and patients to 

understand the anatomical consideration of each type of dental arch form, age-sex group.  
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Ethical consideration 

 This study was conducted with the approval of the Ethical Committee at the Faculty 

of Dentistry, Chulalongkorn University, Bangkok, Thailand (HREC-DCU 2020-023). 
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CHAPTER II REVIEW OF THE LITERATURE 

 

Arch form   
The arch form was first introduced in 1932 by Chuck et al.22, classified by the curvature of 

the arch as square, ovoid, and taper. In addition, the arch form was classified into three 

categories by the measurement method; alveolar arch form, basal arch form, and dental arch 

form.  

The alveolar arch form was defined as the curvature of the alveolar bone that supports the 

dentition. In 2018, Bulyalert et al.18 evaluated and classified arch form in the anterior esthetic 

region at the level of implant shoulder using CBCT images. The intercanine and interpremolar 

width, depth, and width/depth ratio values were also assessed. This study reported that the 

buccolingual alveolar bone thickness exhibited significant differences among the arch forms. 

Peetaibunlue et al.23 studied the relationship between maxillary anterior alveolar arch form 

and the tooth-root axis in class I occlusion. The studies were performed using the CBCT images 

by novel classification of the alveolar arch form of Bulyalert et al.18 and the sagittal root position 

of Kan et al.7. This study concluded that both the sagittal root position and alveolar arch form 

were more predictive than individually. In addition, the basal arch form was defined as the 

curvature of a band of soft tissue superior to the mucogingival junction or the WALA ridge(Will 
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Andrews and Larry Andrews), but the soft tissue thickness among teeth varied might affect the 

positions of the WALA point. 

The dental arch form was defined as the curvature of dentition. Many studies reported 

classifying the maxillary arch form or the dental arch form using measurements derived from 

models.24,25  However, the existing report did not represent the intraoral approach. According to 

Carl E Misch26, the dental arch form is determined by the distance from two horizontal lines. The 

first line is drawn from one canine's edge to the other. This line often bisects the incisive papilla 

regardless of the dental arch form. The second line is drawn parallel to the first line, along with 

the facial position of the anterior teeth. If the distance is 8 mm or less, the patient has a square 

arch form. If the distance is 8-12 mm., the patient has an ovoid dental arch form. If the distance 

is 12 mm or more, the patient has a tapering arch form.  The dental arch form can be classified 

as keeping control without any bias from the numerical measuring approach. Additionally, The 

premaxilla anterior arch length showed no significant differences in various classes of 

malocclusion and sex differences.27,28 It is hoped that this method will have possible clinical 

applications.  

Alveolar Bone Thickness 
Spray et al.29 reported that more significant amounts of facial bone loss were associated with 

implants that failed to integrate. As the bone thickness approached 2 mm, bone loss decreased 
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significantly, and some evidence of bone gain was seen. Grunder et al.6 recommended that labial 

bone be required at least 2 mm. of thickness to provide stability, decrease marginal bone loss, 

prevent a gingival recession, and promote an esthetically favorable outcome after implant 

placement. 

Numerous studies tried to quantitatively measure the labial bone thickness by a cone beam 

computed tomography, which usually found labial bone thickness thinner than 2 mm in the 

maxillary esthetic area. Hence, the palatal alveolar bone thickness seems to be an essential role 

to consider when deciding the implant's diameter, length, and taper design for providing the 

information for implant placement in the optimal position. Do et al.15 are aware of the thinness 

of the palatal bone plate, as this could result in perforation of the palatal bone plate during 

surgical procedures associated with immediate maxillary implant placement in the Asian 

population. From their study, an increased buccolingual angulation of the maxillary lateral 

incisors was correlated with a thinner palatal bone plate at the apical level.   

In addition to the alveolar bone thickness, Kan et al.7 emphasize the importance of the 

buccolingual angulation of the anterior teeth when determining the appropriate treatment 

approach. Although various studies have measured the labial and palatal alveolar bone 

thickness, sagittal root position, and arch form, these correlations remain unclear. 
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Sagittal Root Position 
Kan et al.7 used CBCT images to classify the relationship of the anterior maxillary teeth' 

sagittal root positions(SRP) to their osseous housing. Class I was defined as the root was 

positioned against the labial cortical plate. Class II  was centered in the middle of the osseous 

housing without engaging at the apical third of the root. Class III was positioned against the 

palatal cortical plate, and Class IV engaged both the labial and palatal cortical plates at least 

two-thirds of the root. The results showed that classes I, II, III, IV were found 81.1%, 6.5%, 0.7%, 

and 11.7%, respectively.  

Wang et al.30 were found that the facial bone wall in most maxillary anterior teeth was very 

thin. In addition, there was a significant sagittal angulation between the long axes of teeth and 

those of their respective alveolar bone in most esthetic zone positions. 

Xu et al.31 determined CBCT images to classify the relationship of the sagittal root position of 

the maxillary central incisor within the respective alveolar bone as buccal, middle, and palatal 

clinical significance in immediate implant placement and the buccal type was further classified 

into subtype I, II, and III according to buccal bone thickness. In 2017, Jung32 used Xu's root 

position classification to classify and analyze the relationship of this classification, the buccal 

bone thickness, and the buccolingual angulation of the maxillary incisors using the CBCT images. 

The maxillary incisors' root was mainly located more buccally within the alveolar bone housing. 
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The buccal subtype III showed the greatest angulation, while the middle type showed the lowest 

angulation. Most of the maxillary incisors had a thin buccal bone wall, and  the maxillary lateral 

incisor showed a greater angulation than the maxillary central incisor. 

In contrast, Giglou et al.33 showed that the majority of the roots in the anterior esthetic zone 

were positioned against the labial plate. Furthermore, there was no correlation between the 

sagittal root position and the thickness of buccal or palatal bone plate thickness that, contrary to 

some hypotheses that roots positioned along with the labial plate, will correlate with thinner 

labial bone plate thickness. Additionally, Peetaibunlue et al.34 were reported that the clinician 

should account for both the alveolar arch form and SRP when planning implant placement 

procedures in this region, and the influence of SRP was more significant. 

Therefore, the benefit of evaluated SRP in CBCT  is helpful to treatment planning in 

immediate implant placement and increase the prosthetic option for implant prosthesis prior to 

the surgical approach visit. 

Implant position 
Implant position needed to be considered in all three dimensions and concerning the 

adjacent teeth. The most challenging was the anterior maxilla, where a malposition might affect 

the treatment outcome. According to Chen et al.35, the bone crestal area supports the mucosal 

shape of the alveolar process. The mucosal recession will likely develop if that bone is missing, 
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leading to esthetic complications. As a result, several authors recommended placing an implant 

no closer than 1.5 mm to the adjacent root surface in the mesiodistal dimension.36,37 In the 

labiopalatal dimension, the implant shoulder was located 1 mm palatal to the point of the 

emergence at adjacent teeth, about 3 mm to the proposed gingival margin, or 1 mm to the 

cementoenamel junction of the adjacent teeth38 

The study of Romeo et al.39  reported that the single tooth implants exhibited a seven-year 

survival rate of 100% in the maxillary region under the standard anatomic condition. Hence, the 

single-tooth implant restorations would be a predictable treatment if the available bone was 

sufficient.  

Elderly Person 
Many references classify the definition terms of "Elderly" or "Older person." These terms are 

from the United Nations (UN) 40, which agreed to cut off the patient who has more than 65 years 

old to refer to an older person. The number of older persons aged 60 years or elderly is 

expected to more than double by 2050 and more than triple by 2100.  Globally, the population 

aged 60 or over is growing faster than all younger age groups41,42, and women's longevity 

advantage over men leads to a predominately female older population.40 

In Asia, While the countries or areas with the highest old-age dependency ratio(OADR) are 

predominantly European at present, more Asian countries and regions will be among this group 
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in 2050. Japan currently has the highest OADR in the world.40 Thailand is ranked as having the 

second most rapidly growing aging population, being almost faster than that in developed 

countries.43 

Several authors have discussed age as a prognostic factor in implant success in dental 

implant treatment, but it would not be a contraindication. In general, bone and soft tissue's 

reserved capacity makes it possible to establish osseointegration in the long run. Rather than 

aging itself, the specific nature of the disease process, such as osteoporosis and local bone 

quality and quantity at the implant site, mainly related to aging, is more critical for successful 

dental implant treatment.12 

Changing in elderly patients, The structural elements of the shift in midface dramatically with 

age and, coupled with soft-tissue changes, lead to the appearance of the aged face. The bone 

mass density of the face changes with age, similar to the axial skeleton that may contribute to 

the presence of an aging face.44,45 While the maxilla is more susceptible to age-related loss than 

the zygoma.46  Mendelson et al.47 confirmed the finding that the maxilla retruded with aging and 

quantitated the changes. Areas with a strong predisposition to resorption include the midface of 

the human skeleton, particularly the maxilla.  

The maxillary bone density of subjects with osteoporosis is significantly lower than in healthy 

patients. Moreover, there is a direct correlation between the density of the skeleton and 
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the density of some maxilla sites. Using measurements of maxillary bone density will predict 

skeletal bone density that might be a valuable tool for the screening of osteoporosis.48     

Merbeb J et al.49 reported that bone density and cortex thickness significantly influence the 

primary stability of the implant, which can be predicted based on a preoperative assessment 

of bone characteristics. 

Abnormal absence of menstrual periods (amenorrhea), low estrogen level (menopause), and 

low testosterone levels in men can bring on osteoporosis. In addition, Zhang et al.201616 found 

that postmenopausal women versus older men have significantly different bone thicknesses. In 

contrast, premenopausal women versus younger men and younger men versus older men have 

no such differences. Therefore, when anterior implant planning, the aging condition is one 

concern factor. 

CBCT Evaluation 
Conventional techniques like periapical radiograph and panoramic radiograph were 

commonly used in many dentistry fields, including dental implants. Both radiographic techniques 

can display the information only in two-dimensional mesiodistal width and incisoapical height. In 

Implant planning, the Buccolingual dimension is needed. In the past, there was a ridge mapping 

technique to measure the underlying bone after local anesthesia. However, this technique is 

invasiveness and nonreliable.50 
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In 1998, Mozzo et al. introduced the Cone Beam  Computed  Tomography system.51 

CBCT provides reliable three-dimensional radiographic images that are beneficial for diagnosis and 

treatment planning like significantly lower radiation exposure, reasonably short scanning times, 

compact design together with adequate accuracy than conventional multislice computed 

tomography.52 Studies relied on CBCT to assess the amount of alveolar bone at the interesting 

area to determine the surgical area.53,54  

implantologists should have three-dimensional (3D) information of bone volume and 

topography prior to implant placement to improve implant therapy's overall success with a 

possible reduction in surgical and postoperative implant complications.55 Therefore, the study of 

alveolar bone quantity and quality using CBCT is instantly increased due to the reliability and 

accuracy of the images and software.  

The evaluation was performed mainly by using cementoenamel junction (CEJ) as the 

reference point and measuring the bone thickness at the various distances below CEJ. Since the 

crestal bone height of the natural teeth follows CEJ, facial bone is approximately located at 3 

mm apical to the proximal bone.56 Normally, the biological width at the facial aspect is about 3 

mm. Hence, the implants should be placed 3 mm below the gingival margin or 2-3 mm apical to 

the CEJ of the adjacent teeth.57 
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Lee et al.58 measured the thickness of the facial bone plate at 3 mm below the CEJ, 4.5 mm 

below the CEJ, mid root, and root apex in 2010. The correct location of the implant shoulder after 

placement is 3 mm below the CEJ, which has an impact on the cosmetic result since the bone in this 

area supports the appearance of marginal gingiva. In order to avoid alveolar plate perforation during the 

implantation procedure, information on bone thickness in other areas is useful.  

However, there are few research on the labial and palatal bone thickness of maxillary central 

incisor teeth in relation to dental arch form especially in the elderly, where most patients have high 

expectations. 
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CHAPTER III MATERIALS AND METHODS 

 

Materials 
1. CBCT images of 280 patients have represented three types of the dental arch form (Misch C.E. 

2015) analyzed from the computer database of ADTEC (Advanced Medical Devices Technology & 

Medical Robotics) Pathumthani, Thailand. 

2. Scanner (Planmeca Promax®️ 3D Max, Planmeca, Helsinki, Finland ) with 400 voxel size (μm) 

3. CBCT viewing software  ( Planmeca Romexis Viewer Ver 5.2.0.R , Planmeca, Helsinki, 

Finland ) and ( Kodak Dental Imaging Software 3D Module 2.4, CodeWeavers Inc., Saint Paul, MN, 

USA ) 

 

Methods 
 

 

 

 

  

                                      

 

 

 

Figure  2 Diagram of the study design 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 18 

Image Selection 
CBCT  images were taken from the patient's database of ADTEC (Advanced Medical 

Devices Technology & Medical Robotics). In addition, the data was obtained from the 

preoperative planning of posterior implant placement and orthodontic consultation between 

January 2018 to June 2020 that met the following criteria will be used as the samples of this 

study.  

Table  1 Inclusion and exclusion criteria for image selection 
 

Inclusion Criteria Exclusion Criteria 

 
▪ CBCT image without defects or 

artifacts  
▪ They are remaining all anterior 

maxillary teeth. 
▪ Patient's ages are greater than or 

equal to 20 years old ( ≥20 years 
old ) 

 

▪ History of orthodontic therapy  

▪ Severe Attrition 

▪ Presence of significant bone loss 

▪ Anterior teeth were restored with a 

dental crown, dental implant, or 

dental post. 

▪ Severe crowding on the upper 

anterior maxillary tooth 

▪ Radiographic evidence of infection, 

severe root resorption, trauma, and 

surgical treatment 
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Data collection 
 The images were acquired using a CBCT scan ( Planmeca Promax®️ 3D Max, Planmeca, 

Helsinki, Finland ) with 400 voxel sizes (μm). The CBCT data were exported into digital imaging 

and communications in medicine (DICOM) files. All Dicom files in the patient's database were 

imported into CBCT viewing software  ( Planmeca Romexis Viewer Ver 5.2.0.R, Planmeca, 

Helsinki, Finland ). Then used the CBCT image files, which meet all inclusion and exclusion 

criteria for dental arch classification.  

After that,  the selected image files will be evaluated by one examiner with the viewer ( 

Kodak Dental Imaging Software 3D Module 2.4, CodeWeavers Inc., Saint Paul, MN, USA ) for the 

alveolar bone thickness and sagittal root position.  All data measurements were performed under 

300 percent magnification by an examiner.  

 

Sample size description 
The sample size was performed using the G*Power application based on 5% Type I Error 

and the 80% study power. The sample size from the calculation was 60 subjects for each group.  

 

Examiner Calibration 
To standardize and ensure the consistency of measurement in this study. Intra-observer 

reliability will be performed by measuring the variables: square arch form, ovoid arch form, taper 

arch form, labial bone thickness, palatal bone thickness, sagittal root position class I, II, III, and IV 

in the maxillary central incisor teeth from 28 CBCT images. The following measurement will be 

settled four weeks apart from the previous one. The results from each measurement will be 

evaluated for the intraclass correlation coefficient (ICC). 
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Dental arch form measurement and classification 
 The classification and the measurement of dental arch form were briefly explained and 

cited from Misch, C.E.19  The distance from two horizontal lines measured the premaxilla dental 

arch forms. The first line draws from the tip of one canine to the other. This line most often 

bisects the incisive papilla. Another line is drawn parallel to the first line and the facial surface of 

the anterior teeth. The vertical line was drawn perpendicular to both horizontal lines. It can show 

the length between two horizontal lines and represent the cantilever distance in millimeters.  

 

  

Figure  3 Anterior cantilever distance (mm) between two imaginary horizontal lines, as reported 
by Misch C.E.19 
 

 A square dental arch form is present when the distance between these two lines is less 

than 8 mm. When the distance between these two lines is 8 to 12 mm, the ovoid dentate arch 

form is present. When the distance between the two horizontal lines is greater than 12 mm, the 

dentate arch form is tapering.  
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Table  2 Definition of Dental arch form variables 
 

 

 

 

 

 

According to the previous study about CBCT accuracy21, determining mesiodistal tooth 

size, intercanine width, intermolar distance, and arch length quickly, precisely, reliably, and 

reproducibly compared with the measurement obtained using the digital method on digitalized 

plaster models. Furthermore, the differences existing between both methods are clinically 

acceptable. Therefore, this study uses the 3D rendering views to locate the tip of both maxillary 

canines. 

 

 

Figure  4  Dental arch form classification from the axial view and 3D rendering view

Variables Definition 

Square arch form the distance is 8 or less. 

Ovoid arch form the distance is 8-12 mm. 

Taper arch form the distance is 12 mm. or greater. 
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The alveolar bone thickness measurement 
The labial and palatal thickness of the alveolar bone was measured according to the 

report of DO et al.15 with minor modifications. The DICOM files were imported into CBCT viewing 

software (Kodak Dental Imaging Software 3D Module 2.4, CodeWeavers Inc., Saint Paul, MN, USA). 

All CBCT images were sliced at the positions of each maxillary central incisor. 

Thus, all sliced images of the maxillary central incisors were used for alveolar bone thickness 

measurement.  The axes of the teeth were set perpendicular to the labial contour of the 

alveolar bone, passing through the center of the root canal in the coronal plane (Fig. 5). 

 

Figure  5 The labial and palatal bone thickness were measured perpendicular to the alveolar 
cortical bone from the central slice sagitally 

 

In the sagittal view, the three reference planes perpendicular to the long axis of the 

root were drawn at 3 mm below CEJ: LiPi plane, root apex: LaPa plane, and mid-root (the plane 

at the middle of the distance from LiPi plane to LaPa plane): LmPm plane.  
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Then, the bone thickness of the labial and palatal alveolar bone were measured at seven 

areas:  

(i) labial alveolar bone thickness at 3 mm apically from CEJ (Li) 

(ii) labial bone thickness at 3 mm apically from CEJ (Pi) 

(iii) labial alveolar bone thickness at the root apex level (La) 

(iv) palatal alveolar bone thickness at the root apex level (Pa) 

(v) alveolar bone thickness at the root apex level (LaPa) 

(vi) labial alveolar bone thickness at the mid-root  

(middle distance of 3 mm apically from the CEJ to the root apex level) (Lm) 

(vii) palatal alveolar bone thickness at the mid-root (middle distance of 3 mm apically 

from the CEJ to the root apex level) (Pm) 

 
Figure  6 Alveolar bone thickness measurement in 7 areas 
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Sagittal Root Position Classification 

Sagittal root position (SRP) was defined based on the type of dental root position of 

the maxillary central incisors and alveolar bone housing. CBCT images were classified according 

to the SRP classification reported by Kan et al.7, which divided the tooth root position within 

its bone into four classes, including class I, II, III, and IV, as detailed in Figure 5. SRP class I 

include the root was engaged with the buccal cortical bone. SRP class II, the root was in the 

middle of the alveolar bone housing without engaging either the buccal or the palatal bone at 

the apical third of the root. SRP class III, the root was engaged with the palatal cortical bone. 

Finally, SRP class IV, the root was engaged to either the buccal or the palatal cortical bone. 

 

 

 

 

 

 

 

 

 

 

 

Figure  7 The sagittal root position classification reported by Kan et al.7 
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Data Analysis 
The data were analyzed using statistical software ( SPSS 22.0, SPSS, Chicago, IL, USA) . 

Chi-square was used to find the association of the dental arch form with sex, age group, age-sex 

groups, and SRP. The median and interquartile range of the alveolar bone thickness were 

calculated according to the different dental arch forms, age-sex groups, and SRP. The normality 

of the data was determined by the Kolmogorov Smirnov test, while the Kruskal-Wallis test 

assessed the relationship between dental arch form and alveolar bone thickness or sagittal root 

position. The multiple regression model was performed to determine which predictor variables 

can affect the thickness of the alveolar bone. P < 0.05 was set as statistically significant 

differences.  
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CHAPTER IV RESULT 

 

In the present study, 560 CBCT images of left and right maxillary central incisors from 

280 patients (122 male, 158 female) meet this study's criteria evaluated. In addition, their age 

range is from 20 to 81 years (average age, 55 years). According to Carl E Misch19, the classification 

of the dental arch forms was evaluated and analyzed from 3D-rendering in the CBCT image 

viewer. As a result, there were 80 Square arches, 135 Oval arches, and 65 Taper arches. However, 

no statistical difference was found between dental arch forms in each age group, sex, and age-

sex group.  

Table 3 indicates the dental arch form does not differ significantly between the age 

group, sex, and age-sex group (P=.446, P=.193, and .433, respectively). The most common arch 

form is the oval arch form (48.3%). Meanwhile, the taper arch form is the least (23.2%). In 

addition, the distribution of age-sex group in each dental arch form is an equal proportion (P 

>.05). 
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According to Kan et al.7, SRP was categorized into four classes. The number of SRP 

classes I, II, III, and IV in this study are shown in Table 4. Statistical analysis shows that the dental 

arch form and SRP distribution are not associated with each other. The data shows that more 

than 96.4% of the maxillary central incisor was aligned buccally within the labial bone (Class I). In 

contrast, the maxillary central incisor teeth were not found in which the root engaged with the 

palatal cortical bone (Class III). Similarly, the sagittal root position was equally distributed in each 

arch form, as shown in Table 4,  

Table  4 Dental arch form distribution (percentage) according to sagittal root position 
 

 
SRP, sagittal root position 

* P-value indicates no significant differences between dental arch form and sagittal root position, analyzed using 

chi-square (P-value >.05). 

 

 

 

 
 
 
 
 

 
 

Total 
 

Dental Arch Form 

P-value* 
Square 

Arch Form 
n(%) 

Oval   
Arch Form 

n(%) 

Taper  
Arch Form 

n(%) 

SRP 
 

Class I 540(96.4%) 156(28.9%) 258(47.8%) 126(23.3%) 

.283 
Class II 17(3.0%) 2(11.8%) 11(64.7%) 4(23.5%) 
Class III 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 
Class IV 3(0.6%) 2(66.7%) 1(33.3%) 0(0.0%) 
Total 560(100%) 160(28.6%) 270(48.2%) 130(23.2%) 
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The median and interquartile (IQR) range of all variables area in each dental arch form 

were presented in Table 5. Four variables (Pi, Lm, La, Pa areas) showed a significant difference 

among the dental arch form (P-value <.05). The square arch had the most significant palatal 

alveolar bone thickness at the root apex, followed by the oval arch and the taper arch forms. 

While the Li, Pm, and LaPa are not different median and interquartile across the dental arch form 

(P-value >.05).  

Table  5 Comparison of the median and interquartile range (IQR) of alveolar bone thickness 
among the dental arch form    
 

 
 
n=560 

Dental Arch Form   
P-value Square Arch Form 

n=160 
Oval Arch Form 

n=270 
Taper Arch Form 

n=130 

Li 0.70(0.50-1.00) 0.80(0.50-1.00) 0.90(0.60-1.10) .094 
Pi 1.30(1.00-1.80) 1.40(1.00-1.80)a 1.20(0.90-1.70)a .032* 
Lm 0.80(0.60-1.00) 0.70(0.50-1.00)a 0.90(0.60-1.10)a .005* 
Pm 3.80(3.10-4.90) 3.60(2.98-4.70) 3.55(2.68-4.53) .083 

La 1.45(1.02-2.10)a 1.60(1.10-2.20) 1.90(1.30-2.40)a .001* 
Pa 8.80(7.23-10.30)a,b 8.00(6.68-9.50)b 8.05(6.50-9.43)a .003* 

LaPa 10.35(8.70-11.78) 9.80(8.50-11.30) 9.80(8.57-11.25) .087 
                       
Li, Labial alveolar bone thickness at 3 mm apically from CEJ; Pi, Palatal alveolar bone thickness at 3 mm apically 

from CEJ; Lm, Labial alveolar bone thickness at the mid-root (middle distance of 3 mm apically from the CEJ to 

the root apex level); La, Labial alveolar bone thickness at the root apex level; Pm, Palatal alveolar bone 

thickness at the mid-root (middle distance of 3 mm apically from the CEJ to the root apex level); La, Labial 

alveolar bone thickness at the root apex level;  Pa, Palatal alveolar bone thickness at the root apex level;  LaPa, 

Alveolar bone thickness at the root apex level. 
* Significant Differences among the dental arch form groups, analyzed using Kruskal-Wallis's test (P-value <.05) 
a,b Horizontally, the same superscript letter indicates significant differences in alveolar bone thickness between 

groups, analyzed using Dunn's post hoc test. (P-value <.05). 
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In table 6, the highest median of bone thickness is the Pa area in SRP Class I, followed 

by Class II and IV, respectively. Every variable area showed statistically significant differences 

among the class. Only the Li did not show statistically significant differences among the class.  

Many variable areas in Class I SRP have presented the highest median of the thickness of bone 

except for the labial area (Li, Lm, and La areas). In Class II SRP, the Lm and La area showed the 

median of bone thickness highest than the other class. Additionally, the LaPa area showed 

statistically significant differences among the class that Class IV showed the lowest median of 

bone thickness (6.40).   

As shown in this table 7, alveolar bone thickness showed statistically significant 

differences among the age-sex group in all variable. The elderly female group is showed a 

statistically significant differences between all age groups and presents the lowest alveolar bone 

thickness in all area. At Pa, the adult female showed the lower alveolar bone thickness but not 

significantly between groups. At Li and Pi, adult female and elderly female showed statistically 

significant difference alveolar bone thickness between groups. At Lm and La, the elderly female 

group has shown the statistical significance of alveolar bone thickness in all age groups. In 

contrast, there is no statistical difference between the adult male and elderly male group. 

Simultaneously, the Li of the adult male does not show any statistically significant differences 
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from the other groups. The Pa and LaPa have shown the similarity of statistical significance of 

median bone thickness in the same relation.  
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Based on the results from this study comparisons, The types of the dental arch form, 

SRP classifications, and age-sex groups were significantly associated with alveolar bone thickness. 

Therefore, the following three factors were included in the linear regression model: 1) types of 

the dental arch form, 2) SRP classifications, and 3) age-sex groups. In the univariate model (table 

8), at the Li, the significant negative correlation is shown in the square arch form (-.089, p<.1) and 

elderly female (-.142, p<. 05) while the significant positive correlation is shown in the class II SRP 

(.227, p<.05). At the Pi, the significant negative correlation is shown in the taper arch form, class 

IV SRP, and elderly females (-.179, -1.049, -.265, p<.05, respectively). At the Lm, the significant 

negative correlation is shown in the elderly female (-.241, p<.05), while the significant positive 

correlation is shown in the taper arch form (.126, p<.05) and class II SRP (.450, p<.05). At the Pm, 

the significant negative correlation is shown in the class II SRP, class IV SRP, adult female and 

elderly female (-1.055, -3.110, -.788, -.905, p<.05, respectively) while the arch form showed no 

significant correlation in alveolar bone thickness of Pm. At La, the significant negative correlation 

is shown in the square arch form, adult female and elderly female (-.173, -.205, -.590, p<. 05), 

while the significant positive correlation is shown in the taper arch form, class II SRP and class IV 

SRP. (.183, 1.909, 1.420, p<.05). At Pa, the significant negative correlation is shown in the class II 

SRP, class IV SRP, adult female, and elderly female (-2.005, -5.142, -1.397, -1.168, p<.05, 

respectively) while the significant positive correlation is shown in the square arch form. At the 
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LaPa, the significant negative correlation is shown in the class IV SRP, adult female and elderly 

female (-3.722, -1.602, -1.758, p<.05, respectively), while the significant positive correlation is 

shown in the square arch form (.423, p<.1). The variable with p-value <.1 in the univariate 

analysis were simultaneously considered in the multivariate analysis. Therefore, SRP 

classifications and age-sex groups were used in the multivariate model of Pm, as shown in table 

9. 

The multiple linear regression model compared the alveolar bone thickness and 

predicted variables. At Li, those regression coefficients (β) demonstrated a significantly negative 

correlation in the elderly female (-.139, p<.05). The highest beta was shown in the elderly female 

(-.107, p<.05), followed by the square arch form (-.079, p<.05). At Pi, the significant negative 

correlation is shown in the taper arch form, class II SRP, Class IV SRP, and elderly female (-.221, -

.331, -1.147, -.333, p<.05, respectively). The highest beta was shown in the elderly female (-.190, 

p<.05), followed by the taper arch form (-.137, p<.05). At La, the significant negative correlation is 

shown in the square arch form and elderly females (-.153, -.455, p<.05, respectively), while the 

significant positive correlation is shown in the taper arch form, class II SRP, and class IV SRP. The 

highest beta was shown in the class II SRP (-.190, p<.05), followed by the elderly female ( -.214, 

p<.05). At Pa, the significant negative correlation is shown in the class II SRP, class IV SRP, adult 

female, and elderly female (-2.114, -5.698, -1.532, -1.377, p<.05), while the significant positive 
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correlation is shown in the square arch form. The highest beta was shown in the adult female (-

.335, p<.05), followed by the elderly female (-.242, p<.05). At Lm, the significant negative 

correlation is shown in the elderly female (-.196, p<.05), while the significant positive correlation 

is shown in the taper arch form and class II SRP (.119, .438, p<.05, respectively). The highest beta 

was shown in the elderly female (-.201, p<.05), followed by class II SRP (.198, p<.05). At Pm, the 

significant negative correlation is shown in the class II SRP, class IV SRP, adult female, and elderly 

female (-1.215, -3.348, -.858, -1.014, p<.05, respectively). The highest beta was shown in the adult 

female (-.288, p<.05), followed by the elderly female (.273, p<.05). At LaPa, the significant 

negative correlation is shown in the class IV SRP, adult female, and elderly female. The highest 

beta was shown in the adult female (-.370, p<.05), followed by the elderly female (.329, p<.05). 

Compared to the alveolar bone thickness of the oval arch form, those in the square arch 

form demonstrated the significantly negative correlation of La (-.153, p<.05) while demonstrating 

the significant positive correlation of Pa (.520, p<.05). On the other hand, the taper arch form 

demonstrated the negative correlation of Pi (-.221, p<.05) while demonstrating the significant 

positive correlation of La and Lm (.174, .119, p<.05, respectively). 

When comparing the alveolar bone thickness of class I SRP, those in class II SRP 

demonstrated the significantly negative correlation of Pi, Pa, and Pm (-.331, -2.114, -1.215, p<0.05) 

while demonstrating the significant positive correlation of La and Lm (1.827, .438, p<0.05). On the 
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other hand, in class IV SRP, the significantly negative correlation is shown in Pi, Pa, Pm, and LaPa 

(-1.147, -5.698, -3.348, -4.260, p<0.05) while demonstrating the significant positive correlation of 

La. 

In terms of age-sex groups, compared to the alveolar bone thickness of the male adult, 

those in the adult female exhibited a significantly negative correlation is shown in Pa, Pm, and 

LaPa (-1.532, -.858, -1.651, p<.05, respectively). In addition, those in the elderly female exhibited 

a significant negative correlation of Li, Pi, La, Pa, Lm, Pm, and LaPa (-.139, -.333, -.455, -1.377, -

.196, -1.014, -1.832, p<.05, respectively) 

In term of standardized coefficient, beta, those in the elderly female exhibited the most 

value at Li, Pi, and Lm. In the adult female showed the most value at Pm, Pa and LaPa. At La, 

the SRP variable showed the most standardized coefficient values. 

The R2 between the predictor’s variable and the alveolar bone thickness was ranked 

from La, LaPa, Pa, Pm, Lm, Pi, and Li (.237, .198, .192, .136, .110, .056, .039, respectively), were 

shown in Table 9. 
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CHAPTER V DISCUSSION 
 

This study evaluated the association among the dental arch form, age-sex groups, and 

SRP regarding alveolar bone thickness in the maxillary central incisor using CBCT images. Most 

studies reported that arch form was categorized in several levels: alveolar bone level, basal bone 

level, and tooth level.13,15,16,23,24 Practically, the premaxilla dental arch form can be classified 

from the intraoral examination or stone model without using the arch form template or 

mathematical calculation.13,14,17 Therefore, the possibility of utilizing arch form would be more 

practical. To the best of our knowledge, this was the first study that used the classification of the 

dental arch form in the premaxilla area to characterize the alveolar bone thickness and SRP. 

 In this study, the CBCT 3D model was used for the types of dental arch form. The 

benefits of the CBCT 3D models are reproducible, cost-effective, and easy to manipulate data. 

Many reports showed the good accuracy and reliability of the linear measurement on the CBCT 

3D model and clinically acceptable arch length and tooth size measurement.20,21 There was no 

difference in the CBCT 3D model, digitalized model, or stone model’s accuracy.24,25 However, 

some studies found the dental arch dimension measurement variation as the reference point at 

the canine cusp tip might be a discrepancy from the canine’s marginal ridge or anatomical tooth 

wear at the functional occlusal plane level.21 Thus, to represent the actual cusp tip on the CBCT 
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image, the axial plane sliced to the most obvious point of both canine cusp tips was modified. 

This study used the intraclass correlation coefficient to find the reliability of the arch form 

measurement and showed almost perfect agreement. In our study, dental arch forms have been 

classified into square, oval, and taper. Previous studies demonstrated that the oval arch form was 

the most prevalent, similar to the result of our study.22 On the other hand, the other types of 

dental arch form showed the most frequency in some studies.18,23 The most common dental 

arch form was the oval arch form, square arch form, and taper arch form, respectively. 

In single tooth replacement of the maxillary central incisor, the practitioner needs to 

replicate the tooth morphology and gingival margin concerning CEJ of the contralateral tooth. 

The previous research suggested placing the implant platform 3-4 mm below the gingival margin 

for the best esthetic result.2,26 Our study determined the reference plane for the measurement at 

the pre-determined restorative margin level (3 mm from CEJ) related to the apex level. The 

availability of bone apical and palatal could represent the alveolar bone thickness at the 

appropriate implant position for the immediate implant placement approach according to the 

recommendation by Morton et al.3 

Several studies focused on the alveolar bone thickness, including the labial and palatal 

aspects. Spray et al.29 stated that the critical thickness value that reduces facial bone loss is 

around 2 mm on the labial aspect. Grunder et al.4 also suggested that facial bone thickness 
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should be at least 2 mm to provide implant stability and achieve a long-term esthetic outcome. 

In many studies, most cases showed that the labial bone wall of the anterior maxillary teeth was 

very thin.27,28 Similarly, our study showed a thin and less than 2 mm of the alveolar labial bone 

wall, in accordance with Lopez-Jarana et al.’s study.29 On the palatal aspect, previous studies 

showed that the palatal bone thickness was thick and increased apically,7,30 comparable to the 

result of our study. According to the restorative-driven surgery concept, Wang et al.31 suggested 

that the dental implant should mimic the natural tooth root in the contralateral and parallel to 

the tooth root axis. Additionally, Chung et al.32 recommended that the implant should be placed 

to mimic the original root angulation but located more palatal due to the thicker palatal native 

bone. The results from our study assisted in planning following this concept. 

  In terms of SRP, the most prevalent root positions in the alveolar bone housing of maxillary 

central incisors in this study were classified as class I SRP (96.4%), followed by class II and class IV 

SRP. Class III SRP was not found within the dataset based on Kan et al.5. Additionally, our finding 

found a higher frequency of class I SRP. The result was in accordance with the previous studies 

on Thai and Asian populations. The prevalence of the buccal root position of the maxillary 

central incisor has been 92.2% to 95.4%33,34, while class III SRP has been reported as the rarest of 

all classes.8,35 Lombardo et al.36 reported that the dental and alveolar arch forms differed in 
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width and depth in different ethnic groups. Therefore, the reason for the difference in SRP might 

be due to ethnic differences. 

The result concerned the dental arch form, alveolar bone thickness, and SRP. There was 

no association between the dental arch form and SRP, while the alveolar bone thickness 

demonstrated the association with the dental arch form and SRP. This result supported that only 

the dental arch form could not be used to predict the SRP classification. Then, the relationship of 

the collected data in pairs was analyzed.  

Regarding the association between alveolar bone thickness and dental arch form, 

alveolar bone thickness shows dissimilarity thickness on the labial aspect at mid-root and root 

apex level (Lm and La), palatal bone thickness at 3 mm apically from the CEJ (Pi), and palatal 

bone thickness at the root apex level (Pa). At the same time, there was no difference in the 

palatal bone thickness at the mid-root (Pm), labial bone thickness at 3 mm apically from the CEJ 

(Li), and alveolar bone thickness (LaPa) among the dental arch form.  

The square dental arch form showed the highest alveolar bone thickness of the palatal 

aspect (Pa), while the labial aspect showed the thinnest bone thickness at the apex level (La). 

The taper arch showed the highest bone at the labial aspect (La) at the root apex level but less 

than 2 mm and showed the highest labial bone thickness at the mid root (Lm). The oval arch 

form, which was the most prevalent type, showed the lowest alveolar bone thickness of the 
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palatal aspect at the root apex level (Pa). Considering the arch form classification in this study, 

the less anterior cantilever in square dental arch form showed the lingual-inclined maxillary 

central incisors, reducing the labial bone thickness at the root apex level following the Tian et 

al.’s study.30 On the other hand, the square arch form seemed more favorable for implant 

anchorage related to the immediate implant placement locations due to the greater palatal 

alveolar bone thickness. According to Kim et al.’s study37, the implant was recommended 

parallel to the labial alveolar plate and slightly inclined more toward the labial than the incisal 

edge. Therefore, the taper arch form seemed to be suitable for this concept. However, types of 

the dental arch should be concerned to prevent the dental implant exposed to the labial wall in 

all arch types because all the dental arch forms have shown the alveolar bone thickness less 

than 2 mm of the labial aspect at the apex level. 

In terms of alveolar bone thickness and SRP, class I SRP provided the highest bone 

thickness in the palatal aspect at all levels but showed the lowest bone thickness at the labial 

aspect at the mid-root and root apex level. Class II SRP showed the highest bone thickness in La, 

more than 2 mm. Class IV SRP showed the thinnest bone in the palatal aspect as the same result 

as the Khoury et al.28 This information would help clinicians design the final implant position and 

angulation related to the alveolar bone thickness. Based on this study result, most root positions 

of maxillary central incisors were located buccally and demonstrated the high quantity of alveolar 
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bone at the palatal sites. As several studies reported, immediate implant placement should be 

placed in the palatal position parallel to the palatal plate to gain implant stability.38 In class I 

SRP, the immediate implant position would be favorable to engage the apical and palatal bone 

and gain primary stability, which our study supported this concept. On the other hand, class II 

and IV SRP would allow the immediate implant position to follow the tooth socket, engaging the 

apical bone. This would leave more than 2 mm of labial bone at the implant apex.  

In terms of age and sex difference, alveolar bone thickness in all measurement thickness 

areas showed statistically significant differences among groups. The alveolar bone thickness not 

more than 2 mm was shown along the labial aspect. All labial bone thickness showed the lowest 

bone thickness in the elderly female group.  The elderly female group showed statistically 

significant differences in the alveolar bone thickness among groups and showed the lowest 

alveolar bone thickness on the palatal. Exceptionally the Pa showed the lowest thickness in the 

adult female group with no significant difference compared with the elderly female group. There 

were no statistical differences in males' age difference in all thicknesses. Gakonyo et al.11 

reported that the labial alveolar bone thickness decreased while aging. Our study showed 

different results in the male group but showed the difference in thickness in female groups. In 

contrast, a significant difference in alveolar bone thickness in female groups was found in Li, Lm, 
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La, and Pi.  Following Zhang et al.12, the labial bone was significantly thinner in postmenopausal 

women due to the increasing age and systemic condition.  

Our result showed that increasing age solely has not resulted in reduced palatal bone 

thickness on the palatal aspect. At the root apex level and mid-root, the palatal bone thickness 

of adult females showed significant differences with both adult males and elderly males. In 

addition, the elderly male showed the same result. Similarly, Do et al.6 presented that the 

palatal bone thickness at the apex level of the maxillary incisors differed significantly between 

the sexes. At 3 mm apically from CEJ, the palatal alveolar bone of elderly females showed the 

lowest bone thickness compared with male groups. LaPa showed significant differences in 

alveolar bone thickness between elderly females and both male groups, while no difference 

thickness from age difference. Soumya et al.7 showed the significant influence of sex on the 

palatal alveolar bone thickness. These results suggested that clinicians should be aware of the 

minimal labial and palatal bone thickness in females, especially in elderly females. 

Our study showed the correlation among the dental arch form, SRP, age-sex groups, and 

alveolar bone thickness. Consider the effect of dental arch form with the alveolar bone thickness 

at the apex level. Square arch form’s patients showed a positive correlation in alveolar bone 

thickness at the apex level of the palatal aspect, while a negative correlation was shown at the 

apex level of the labial aspect. In the taper arch form’s patients, a negative correlation was 
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shown only at the apex level of the palatal aspect. The dental arch form showed no correlation 

with the alveolar bone thickness at the mid-root area. Excluding the class I SRP, Class II and Class 

IV SRP showed a negative correlation between SRP classification and alveolar bone thickness, 

decreasing the alveolar bone thickness at the mid-root and apex level of the palatal aspect. 

Another factor that showed the negative effect on the alveolar bone thickness was age-sex 

groups. All-female groups had negative correlations at both palatal aspects, while the elderly 

female group had more negative correlations at the labial apex level than all other groups. This 

result agreed with the previous study, which showed the significantly higher bone volume in 

males than females at the apex and mid-root of maxillary central incisors.7,8 In contrast, adult 

males and elderly males had no difference in correlation to bone thickness. Similar to the 

findings of Linjawi et al.39, the result showed that age and sex-related had a negative effect on 

the anterior maxillary alveolar bone thickness at the apex level. Following the standardized 

coefficient (Beta), the elderly female shows the highest value that can affect the alveolar bone 

thickness. Considering that some studies found no correlation between elder and alveolar bone 

thickness, the combination of elder and female might prove significant. Systemic conditions and 

post-menstrual syndrome might be a factor in play for more bone resorption. 

A common limitation of this study, in the retrospective study, was the various setting of 

the voxel size. The previous study showed that the 0.2-mm or 0.4-mm voxel delivered a similarly 
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accurate 3D CBCT model, and a larger voxel could reduce radiation exposure.40 In fact, some 

image viewers could not reconstruct and measure the linear distance under the larger voxel size. 

The difference in voxel size might be problematic in measuring distance in some software. This 

factor was mitigated in the current study by utilizing an image viewer to interpret CBCT images in 

1 mm intervals (slices). Further study would eliminate this factor entirely by specifying the voxel 

size used. 

 In summary, there were significant pairwise correlations. The dental arch form played an 

essential role in determining the alveolar bone thickness. According to the arch form 

classification in this study, the square arch form had the highest palatal bone thickness, while the 

labial bone in all arch types at the root apex level was thin. The dental arch form did not predict 

the SRP. Age and sex differences also influenced the alveolar bone thickness. The adult female 

negatively correlated to the alveolar bone thickness on the palatal aspect, while the elderly 

female showed a negative correlation at all sites. Therefore, the operator should consider the 

dental arch form, age-sex groups with great caution and inform the bone condition to the 

patients, especially in the elderly female patient. The bone volume prediction considering these 

factors could aid in planning immediate implant placement at the maxillary central incisor site. 

This data would result in a better aesthetic outcome and long-term success. 
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