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ช่ือวทิยานิพนธ์ ความสัมพันธ์ของภาพรังสีรอบปลายราก โคนบีมคอมพิวเตด 
โทโมกราฟฟ่ี ไมโครคอมพิวเตดโทโมกราฟฟ่ีและการวิเคราะห์ทาง
มิญชวทิยา  เพื่อศึกษาคุณภาพกระดูกส าหรับการใส่รากฟันเทียม  

ผู้เขียน นายประดิพทัธ์  เสือเปีย 
สาขาวชิา ศลัยศาสตร์ช่องปากและแมก็ซิลโลเฟเชียล 
ปีการศึกษา 2558 

 
บทคดัย่อ 

 
วตัถุประสงค์  เพื่อศึกษาถึงความสัมพนัธ์ของขอ้มูลท่ีไดจ้ากภาพรังสีรอบปลายราก โคนบีม
คอมพิวเตดโทโมกราฟฟ่ี ไมโครคอมพิวเตดโทโมกราฟฟ่ี และการวเิคราะห์ทางมิญชวทิยา  เพื่อศึกษา
คุณภาพกระดูกส าหรับการใส่รากฟันเทียม 
วธีิด าเนินการวจัิย : กระดูกตวัอยา่งจากต าแหน่งท่ีท าการฝังรากฟันทียมทั้งหมด 62 ตวัอยา่ง แบ่งตาม
ต าแหน่งท่ีท าการศึกษา เป็นต าแหน่ง ฟันหนา้บน (12 ตวัอยา่ง) ฟันหลงับน (19 ตวัอยา่ง) ฟันหนา้
ล่าง (10 ตวัอยา่ง) และ ฟันหลงัล่าง (21 ตวัอยา่ง) ใชส้เตนตส์ าหรับถ่ายภาพรังสี เพื่อก าหนด
ต าแหน่งกระดูกท่ีท าการศึกษา โดยน าช้ินตวัอยา่งเพื่อน าการวเิคราะห์ ความหนาของกระดูกทึบ 
ความหนาแน่นของกระดูก (เกรวาลูจากภาพรังสีรอบปลายราก เกรเด็นซิต้ีวาลูจากโคนบีมคอมพิว
เตดโทโมกราฟฟ่ี โบนมิเนอรัล เดนซิต้ี โบนโวลุมแฟรคชัน่, ความหนาเส้ียนใยกระดูก ความพรุน
จากไมโครคอมพิวเตดโทโมกราฟฟ่ี และความหนาแน่นของกระดูกจากการวเิคราะห์ทางมิญชวทิยา) 
ท าการภาพรังสีรอบปลายราก โคนบีมคอมพิวเตดโทโมกราฟฟ่ี และไมโครคอมพวิเตดโทโมกราฟฟ่ี 
เทียบกบั การวิเคราะห์ทางมิญชวิทยาซ่ึงถือเป็นมาตรฐานสูงสุด ท าการวิเคราะห์ขอ้มูลโดยใช ้ การ
วเิคราะห์ความแปรปรวน แบบจ าแนกทางเดียว สัมประสิทธ์ิสหสัมพนัธ์แบบเพียร์สัน การ
วเิคราะห์การถดถอย  
ผลการวจัิย: มีความแตกต่างของ สัณฐานวทิยา ระหวา่งทั้ง 4 กลุ่มท่ีท าการศึกษา โดยพบความหนา
ของกระดูกทึบมีค่า  0.87±0.18 ถึง 1.19±0.24 มิลลิเมตร ต าแหน่งท่ีมีค่าสูงสุดคือ ฟันหนา้ล่าง โดย
พบความแตกต่างอยา่งมีนยัส าคญัระหวา่งกลุ่ม (p<0.01) สัมประสิทธ์ิสหสัมพนัธ์แบบเพียร์สันมี
ค่าสูงในการวดัความหนาของกระดูกทึบ ระหวา่ง โคนบีมคอมพิวเตดโทโมกราฟฟ่ี และไมโคร
คอมพิวเตดโทโมกราฟฟ่ี (r=0.933 p<0.01) การวดัความหนาแน่นของกระดูก ภาพรังสีรอบปลาย
ราก และ โคนบีมคอมพวิเตดโทโมกราฟฟ่ี ไม่สามารถแยกความแตกต่างระหวา่งกลุ่มได ้ ในขณะท่ี 
โบนมิเนอรัล เดนซิต้ี โบนโวลุมแฟรคชัน่ ความหนาเส้ียนใยกระดูก ความพรุนจากไมโครคอมพิวเตด 
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โทโมกราฟฟ่ี และความหนาแน่นของกระดูกจากการวเิคราะห์ทางมิญชวทิยา สามารถแยกแยะความ
แตกต่างระหวา่งกลุ่มได ้ (p<0.01) โดยต าแหน่งท่ีมีความหนาแน่นสูงคือ กลุ่มขากรรไกรล่าง(ฟัน
หนา้ล่าง และฟันหลงัล่าง) พบมีค่าสูงกวา่กลุ่มขากรรไกรบน(ฟันหนา้บน และฟันหลงับน) ไม่พบ
ความสัมพนัธ์ระหวา่งค่าเกรวาลูจากภาพรังสีรอบปลายรากกบัเกรเด็นซิต้ีวาลูจากโคนบีมคอมพิวเตด
โทโมกราฟฟ่ี (r=-0.237 p=0.064) โบนมิเนอรัล เดนซิต้ี (r=-0.039 p=0.961) โบนโวลุมแฟรคชัน่ 
(r=0.107 p=0.408) ความหนาเส้ียนใยกระดูก (r= -0.112  p = 0.386) ความพรุน (r= -0.054  p = 
0.676) จากไมโครคอมพิวเตดโทโมกราฟฟ่ี และ ความหนาแน่นของกระดูกจาก การวเิคราะห์ทาง
มิญชวิทยา (r= -0.006  p = 0.765). นอกจากนั้นไม่พบความสัมพนัธ์ของ เกรเด็นซิต้ีวาลูจากโคนบีม
คอมพิวเตดโทโมกราฟฟ่ี กบั โบนมิเนอรัล เดนซิต้ี (r=-0.106 p=0.411) โบนโวลุมแฟรคชัน่ (r=-
0.057 p=0.657) ความหนาเส้ียนใยกระดูก (r=-0.099 p=0.444) ความพรุน (r=0.033, p=0.800) จาก
ไมโครคอมพิวเตดโทโมกราฟฟ่ี และความหนาแน่นของกระดูกจากการวิเคราะห์ทางมิญชวทิยา (r=-
0.135 p=0.294). พบความสัมพนัธ์ในระดบัสูงระหวา่งโบนมิเนอรัล เดนซิต้ี จากจากไมโครคอมพิว
เตดโทโมกราฟฟ่ีกบัความหนาแน่นของกระดูกจากการวเิคราะห์ทางมิญชวทิยา (r=-0.812 p<0.01). 
จากการวเิคราะห์การถดถอย พบความสัมพนัธ์ ความหนาของกระดูกทึบจากโคนบีมคอมพิวเตดโท
โมกราฟฟ่ีกบั โบนมิเนอรัล เดนซิต้ี (r=0.818 r2=0.669), โบนโวลุมแฟรคชัน่(r=0.634 r2=0.402) 
ความหนาเส้ียนใยกระดูก (r=626 r2=0.392) ความพรุน (r=-0.662 p=0.438) และ ความหนาแน่นของ
กระดูกจากการวเิคราะห์ทางมิญชวิทยา (r=0.738 r2=0.545) 
สรุปผล: ขากรรไกรล่าง(ฟันหนา้ล่าง และฟันหลงัล่าง) มีความหนาของกระดูกทึบและความ
หนาแน่นของกระดูกมากกวา่ขากรรไกรบน(ฟันหนา้บน และฟันหลงับน) ตามการศึกษาจากไม
โครคอมพิวเตดโทโมกราฟฟ่ี และการวิเคราะห์ทางมิญชวิทยา จากการศึกษาค่าเกรวาลูจากภาพรังสี
รอบปลายรากและเกรเด็นซิต้ีวาลูจากโคนบีมคอมพิวเตดโทโมกราฟฟ่ี ไม่สามารถแสดงผลของ
ความหนาแน่นของกระดูกท่ีแทจ้ริงไดเ้ม่ือเทียบกบั ไมโครคอมพิวเตดโทโมกราฟฟ่ี และการ
วเิคราะห์ทางมิญชวิทยาซ่ึงถือเป็นการตรวจมาตรฐานสูงสุด ความหนาของกระดูกทึบท่ีวดัจากโคน
บีมคอมพิวเตดโทโมกราฟฟ่ีพบวา่มีความสัมพนัธ์กบัความหนาแน่นของกระดูก ซ่ึงขอ้มูลท่ีไดก่้อน
การผา่ตดัน้ี เป็นประโยชน์ต่อการแสดงถึงตวัช้ีวดัในการประเมินคุณภาพของกระดูก ในต าแหน่งท่ี
ท าการฝังรากฟันเทียม 
 
ค าส าคัญ: คุณภาพกระดูก ความหนาของกระดูกทึบ เกรวาลู เกรเด็นซิต้ีวาลู โบนมิเนอรัล เดนซิต้ี 
โคนบีมคอมพิวเตดโทโมกราฟฟ่ี ไมโครคอมพิวเตดโทโมกราฟฟ่ี การวิเคราะห์ทางมิญชวทิยา 
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ABSTRACT 
 
Objectives: To determine the correlation of the bone morphology parameters measured using 
periapical radiography, cone-beam computed tomography (CBCT), micro-computed 
tomography (micro-CT) and histologic assessment to evaluate bone quality for dental implant 
placement. 
Materials and methods: Sixty-two bone samples were grouped according to the region of 
harvesting: upper anterior (UA: n=12), upper posterior (UP: n=19) lower anterior (LA: n=10) 
and lower posterior (LP: n=21). A surgical stent with a radiopaque marker located at the 
surgical site was used during radiographic assessments and bone core harvest. For radiographic 
assessment, the corresponding area for bone core harvest was localized and was analyzed for the 
cortical thickness, the bone density (gray value from periapical radiograph and CBCT; bone 
mineral density (BMD), bone volume density (BV/TV), % porosity from micro-CT; and bone 
density from histology). The periapical radiographic, CBCT and micro-CT assessments were 
compared with the histologic analyses. Data were analyzed using One-way, Pearson correlation 
coefficients, and simple linear regression.  Inter-rater reliability was evaluated using intra-class 
correlation coefficients. 
Results: There were the differences in bone morphology among 4 regions. The cortical 
thickness was range from 0.87±0.18 to 1.19±0.24 mm with the highest value at LA region. A 
statistically significant difference (p<0.001) was found among the cortical thickness of 4 
regions. A high positive Pearson’s correlation coefficient was observed between CBCT and 
micro-CT (r=0.933, p<0.01). For bone density assessments, the gray value from periapical 
radiograph and CBCT could not discriminate among different regions, while, BMD, BV/TV,  
 
 



 
viii 

 

and % porosity from micro-CT, as well as, bone density from histologic analysis showed 
statistically significant difference (p<0.01) among 4 regions with the higher density in mandible 
(LA and LP) groups than maxilla (UA and UP) groups. There was no correlation between gray 
value from periapical radiograph and CBCT (r=-0.237, p=0.064), BMD (r=-0.039, p=0.961), 
BV/TV (r=0.107, p=0.408) nor histology measurement(r=-0.006, p=0.765). There was also no 
correlation between gray value from CBCT and BMD (r=-0.106, p=0.441), BV/TV (r=-0.057, 
p=0.657) nor histology measurement (r=-0.135, p=0.294). A high Pearson’s correlation 
coefficient in bone density was observed between BMD and histologic analysis (r=0.812, 
p<0.01). Linear regression showed that there was a correlation between CBCT’s cortical 
thickness and BMD (r=0.818, r2=0.669), BV/TV (r=0.634, r2=402), porosity (r=-0.662, r2=438) 
and histologic bone density (r=0.738, r2=545) .  
Conclusions: The mandible (LA and LP) revealed the higher cortical thickness and bone 
density than the maxilla (UA and UP) according to the micro-CT and histologic analysis. Gray 
value from periapical radiograph and CBCT could not reveal the true bone density that using 
BMD, BV/TV, and histology assessment as the references. The cortical thickness measured 
from CBCT was correlated with the bone density. This pre-operative parameter could be 
utilized as the indicator for bone quality at the implant installation site.  
 
Keywords: Bone quality, cortical thickness, gray values, bone mineral density, cone-beam 
computed tomography, Micro-Computed Tomography, histology. 
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CHAPTER 1 

 

INTRODUCTION 
 

Rational of study 

Successfully delivering dental implants to patients who have lost teeth and the 
surrounding bone relies on the careful gathering of clinical and radiological information, in 
particular, bone quantity and bone quality.  Low bone quality, being thin cortical bone and low-
density trabecular bone, is one of the factors associated with implant failures from  biological 
causes1, for example, failure to establish osseointegration before implant loading and failure to 
maintain the osseointegration after implant loading2. Therefore, the bone quality should be 
determined prior to the implant placement, in the pre-surgical planning. 
                           Previously,  periapical radiographs along with orthopantomograph (OPG) were 
used for diagnosing and treatment planning. However, a periapical radiograph and panoramic 
image provides only a 2-dimensional (2D) view of 3-dimensional (3D) structures, which can lead 
to underestimation of bone loss. Accurate assessment of hard tissue morphology and density are 
impossible because of the variable distortions occurring in different parts of a radiograph and 
additionally, it is unable to provide a cross-sectional dimension3. Recently, multi-slice computed 
tomography (MSCT), as well as cone-beam computed tomography (CBCT), are  increasingly 
considered fundamental for optimal dental implant placement4, 5. However, high cost and higher 
radiation exposure risk to patients in comparison with other equipment remains the main concern 
when using MSCT for assessing bone quality6-9. CBCT, as compact equipment, is more  accessible 
to dental practitioners. It has less cost and radiation dosage and has widely replaced MSCT for oral 
and maxillofacial imaging. CBCT offers a radiographic method for a structural and qualitative 
analysis of the bone10-12 . Several studies reported the high geometric accuracy of CBCT for linear 
measurement13-15, nevertheless, the validity and reliability of bone quality evaluation remain 
controversial16-20.  
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                           It is therefore considered that information gathered from a bone specimen is a 
more precise evaluation of bone density. However, since the use of periapical radiography and 
CBCT are non-invasive, it can provide a pre-operative diagnosis in dental implant placement.It is 
clinically of great significance to analyze the correlation between the periapical radiograph, CBCT 
and genuine bone specimen (Micro-CT and histologic analysis). 

Review of the literatures 

Bone quantity 

Bone quantity measurements of the jawbone are categorized into 5 groups based 
on residual jaw shape and different rates of bone resorption following tooth extraction21. During all 
stages of atrophy of the alveolar ridge, characteristic shapes result from the resorption process. 
Cawood and Howell22 classified edentulous jaws according to a 3D analysis of the anatomy, 
focusing on the changes in shape for both vertical and horizontal axes of the alveolar process 
(Figure 1). 

 

 
                           Figure 1: Cawood and Howell22 classified edentulous jaws according to a 3D 
                                            analysis of the anatomy, focusing on the changes in shape for both  
                                            vertical and horizontal axes of the alveolar process 
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Bone quality   

The bone quality comprises the thickness of the cortical bone and patterns of 
trabecular bones. Bone quality is not only a matter of mineral content but also of a structure such 
as skeletal size, the architecture,  the 3D orientation of the trabeculae and the matrix properties23. 
It has been shown that bone density (bone mineral density, BMD) is a suitable measurable 
parameter for evaluating bone quality at the dental implant installation site24. 

Classification of bone quality 

 There are various classifications described for bone quality assessment. The first 
subjective classification was introduced by Lekholm & Zarb25 in 1985. They categorized bone into 
4 classes (Q1-Q4) using bone morphology. Q1: most of the entire jaw is comprised of homogenous 
compact bone, Q2: a thick layer of compact bone surrounds a core of dense trabecular bone, Q3: a 
thin layer of cortical bone surrounds a core of dense trabecular bone, Q4: a thin layer of cortical 
bone surrounds a core of low-density trabecular bone (Table 1).  

Clinically, bone quality is evaluated by bone density using tactile perception 
during the preparation of the implant site 26, 27. This subjective approach permits the adaptation of 
the surgical sequence before the insertion of the implant, and classification has also been used to 
characterize bone density by perception during drilling procedures for detecting bone quality26, 28. 
Rebaudi and coworker29 classified bone density into  3 subjective bone quality: hard, normal and 
soft bone. Misch30 defined 4 bone density classes (D1- D4) based on the clinical drilling resistance 
of the bone from oak or maple wood to styrofoam31. Norton and Gamble32 determined HU from 
computed tomography(CT) using bone morphology of Lekholm and Zarb classification. The study 
showed that for Q1 bone, HU was more than 850, for Q2-Q3 the HU was between 500-850, and 
for Q4 the HU was  between 0-500. Trisi and Rao33 determined Misch classification (D1-D4) 
related with histologic  bone density determinations. This study found bone density to be 
76.54±16.19% in D1, 66.78±15.82% in D2, 59.61±19.55% in D3 and 28.28±12.02% in D4 bone, 
but the bone scoring during drilling was based on tactile perception and, therefore, could not  be 
classified, especially for D2 and D3 bone. The bone quality classifications were summarized in 
Table 1. 

 



 
 

Table 1: Comparison of  characterized  bone with the bone quality classifications. 

Lekholm&Zarb 
(1985)34 

Trisi&Rao 
(1999)33  
(%bone density) 

Norton&Gambl
e (2001) 32 
HU value  

Misch (1998)35 

Tactile analog 

Rebaldi et 
al(2010)29 

Hard-Normal-Soft  

Typical Anatomy 
Location 

Q1: 
Almost all of the jaw bone is comprised of 

homogenous compact bone 

 

 

 

76.54±16.19% >850 
Dense cortical (D1) 

Oak or Maple 

Q1 = hard bone 

Anterior mandible 

Q2: 
Thick layer of compact bone surrounds a 

core of dense trabecular bone 

66.78±15.82% 

500-850 

Porous cortical and 
coarse trabecular (D2) 

White pine or Spruce 

Anterior mandible 

Posterior mandible 

Anterior maxilla 

Q3: 
Thin layer of cortical bone surrounds a 

core of dense trabecular bone 
59.61±19.55% 

Thin Porous cortical 
and fine trabecular 
(D3) Balsa wood 

Q2 – Q3= normal 
bone 

Anterior maxilla 

Posterior maxilla 

Posterior mandible 

Q4: 

Thin layer of cortical bone surrounds a 
core of low-density trabecular bone 

28.28±12.02% 0-500 
Fine trabecular (D4) 

Styrofoam 
Q4 = soft bone Posterior maxilla 

4 
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Bone quality and dental implant 

Bone quality is an important factor for the success of dental implants because it 
affects the implant stability36, 37. Recent studies showed that the density of bone affected implant 
success, with a reduction in the density increasing the risk of failure2, 38 as shown in Figure 1. 
Previous studies indicated that implant surgical failure ranged from 3.2-5% in good-quality bone 
and 1.9-20% in poor bone quality, with most reports indicating greater failure rates (up to 65%) in 
soft bone39.  

There are differences in bone morphology between the maxilla and mandible. The 
mandible comprises a more compact bone than the maxilla and the maxilla is a more spongy bone 
than the mandible40. Turkyilmaz and coworker reported that the bone quality around the implant in 
the mandible is more superior than in the maxilla41. It has been indicated that  poor bone quality is 
the main risk factor for failure of  implants, which also then associated with the implant stability 
and healing process42, 43.  

 

       
Figure 2: Implant success rates as related to bone quality38 
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Cortical bone thickness 

Cortical bone comprises mainly of hydroxyapatite crystallites and well-organized 
collagen fibrils, which causes the cortical bone to achieve a remarkable mechanical performance 
of high stiffness and toughness. Cortical bone thickness is one of the factors for a high implant 
success rate.  More cortical thickness could increase the primary stability of the implant44. 
Moreover, there are correlations between the cortical bone thickness with many factors relating to 
a bone density such as the Hounsfield Unit (HU) value from CTs45 and the insertion torque of 
implants46. Many studies also indicated that the thickness of cortical bone  directly influences 
implant success rates46 47. 

Evaluation of bone quality for dental implant placement 

Many techniques were developed and used to evaluate the bone quality at dental 
implant installation sites, which were indicated by the primary stability of the dental implant. The 
resonance frequency analysis (RFA) mobility test, measurement of the insertion, and removal of 
torque value are the techniques usually performed to evaluate the primary stability. However, all 
of these techniques must be performed after the insertion of the dental implants. The measurement 
of the removal torque value, in particular, is an objective method, but its clinical application is 
difficult because it is irreversible and invasive method 48.  

With the development of radiographic technology, the characteristics of bone and 
surrounding vital organs can be achieved prior to the dental implant placement. Preoperative 
radiographic examinations indicate some essential information including the mesio-distal, bucco-
lingual and superior-inferior dimensions, the trabecular bone density and the cortical bone 
thickness. Preoperative implant imaging aims to acquire necessary surgical and prosthetic 
information to determine the quantity, quality and angulation of a bone, the selection of the 
potential implant sites, and to verify the absence of pathology. 

Periapical radiograph. 

A periapical radiograph is the first-choice diagnostic clinical instrument in 
dentistry49. This method is  practical, reliable and a non-invasive technique to evaluate the bone at 
the dental implant site50, 51. However, this method has relatively low sensitivity, but there is high 
accuracy in detecting trabecular bone at the dental implant site52. Periapical radiographs assess the 
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bone quality using optical density by  standard densitometry (Figure 4). For optical density, the 
film is scanned, and then the digital images are analyzed using computer software. The optical 
density of the interesting area is evaluated through densitometry variations of gray value, which 
vary from transparent to opaque (0 -255)53. However, there are limitations in conventional 
periapical films such as  errors in processing, increased radiation dosage, poor imaging geometry, 
lack of post-imaging  facilities53, non-reproducible imaging geometry, and  distortions that are 
inherent to periapical radiography54. The limitations for bone quality evaluation are image 
magnification and possible distortion, the limit value for determination of bone density and 
mineralization, and evaluation for 3D55. Although the nature of the 2D image can  never provide 
information in the bucco-lingual direction56, periapical  radiographs are still beneficial for pre-
implant assessment because of availability and cost. 

 

A B 
Figure 3: A: Periapical radiograph and radiopaque material to localize the implant 
                      installation site.  
                B: Periapical radiograph after dental implant placement. 

Orthopantomography (OPG) 

OPG was introduced into the market in the early 1960s57. The technique produces 
a single radiographic image that includes both the maxillary and mandibular arches with supporting 
structures. OPG has been used for pre-implant evaluation and the preparation of treatment 
protocols. Although the resolution and sharpness of a panoramic radiograph are less than an 
intraoral radiograph, OPG is an excellent tool for the overview of the maxillofacial area, including 
many of the vital structures such as the maxillary sinus and inferior alveolar nerve (Figure 4).  

OPG units are widely available, making this imaging technique very useful  for 
screening5. However, the Information acquired from OPG should be used cautiously because this  
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technique has the significant limitations that are distortion (10% vertical magnification and 20% 
horizontal magnification)  and error by patient position58, the lack of image sharpness and 
resolution. This limitation leads to inaccurate interpretation4. Due to lack of image sharpness, lower 
resolution than periapical radiographs and image distortion, OPG should be used with caution for  
bone quality measurement.  
 

 
Figure 4: Orthopantomography (OPG) represents the maxillofacial area such as the maxilla 

 and mandibular arch, the maxillary sinus and the inferior alveolar nerve 

Cone-beam computed tomography (CBCT) 

CBCT systems were developed in the 1990s. In 2001, CBCT was introduced as a 
3D imaging modality. Since then it has largely replaced both single and multislice CTs for 
diagnostic imaging in oral implants56. CBCT offers a radiographic method for the structural and 
qualitative analysis of the bone10-12. Computer tomography (CT) software programs facilitate the 
measurement of the bone density by HU that is determined by the software programs in the CT 
machines, ranging from -1000 (air) to 3000 (enamel). The density of structures within the image is 
absolute and quantitative so it can be used to differentiate tissues in the region (i.e., muscle, 35–70 
HU; fibrous tissue, 60–90 HU, cartilage, 80–130 HU; bone 150–1800 HU) and characterize bone 
quality (for D1 >1250 HU, for D2 850–1250 HU, for D3 350–850 HU, for D4 150–350 HU, and 
for D5 <150 HU)59. CBCT is very sensitive to movement because of its very high spatial resolution. 
It has the following limitations: a limited contrast resolution that  makes it is less suitable for 
imaging soft tissues60 , high costs,  and has a high radiation dosage absorbed by the patients or specimens.  
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The 2D measurement error of CBCT was found to range from 1.86-4.61% with 
no significant difference between the measurements and actual specimens61. To determine the 
length between CBCT and Micro-CT or actual specimens, Mangione and coworker62 found that 
the specimen always show a mathematical difference of about 0.2 mm. Baumgaertel and 
coworker63 found that CBCT showed validity for measuring  the length from a specimen compared 
with a caliper. 

The gray density value from a CBCT can  investigate the relationship with HU 
from CT. From the previous studies, a strong correlation was found between the gray density value 
of CBCT and the HU of CT64, 65. The gray density value from a CBCT is suggested to be used as 
the tool for evaluating the bone density66, 67 (Figure 5). Several studies reported high geometric 
accuracy of CBCT for linear measurements13, 15, 68, while its reliability in bone quality evaluation 
remains controversial. Only a few studies have suggested that CBCT could be applied to assess the 
trabecular bone microstructure14, 69. Nevertheless, CBCT does not represent calibrated voxel gray 
density value expressed in HU16. Many studies have been conducted to convert CBCT gray density 
value to actual density measurements17. The high correlation between the HU derived from CBCT 
voxel gray density value has been demonstrated, hinting at the potential for CBCT use in bone 
density assessment70-72. The applications of CBCT in evaluating bone quality are still restricted for 
bone density assessment in some studies73-75. This may be due to the insufficient resolution of 
CBCT systems. The visibility of small anatomical structures with CBCT is largely influenced by 
the field of view (FOV), type of the CBCT system, setting selection, patient positioning, soft tissue 
thickness, voxel size and resolutions49, 76.   
 At the present, the studies showed the validity from CBCT data in 2D but in the 

bone density measurement, it is still controversial.  
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Figure 5:  The bone density measurement from CBCT in grayscale at the implant site 
 
Micro-Computed Tomography (Micro-CT) 

The possibility of using a Micro-CT for noninvasive measurement of the bone–
implant contact was first suggested by Feldkamp and coworker77. A Micro-CT allows an 
assessment of the bone microarchitecture in 3D. This technique has achieved widespread use in the 
laboratory as a  rapid, nondestructive method for specimens12, 78, 79, animal models,80, 81 and allows 
for a full 3D reconstruction of the specimen (Figure 6 ). It is based on the same physical and 
mathematical principles with CBCT but the big advantage of Micro-CT is that it can  acquire much 
higher resolutions (up to 10 um) 82.   

Micro-CT uses data from multiple-angled attenuated X-ray projections to 
reconstruct a 3D representation of the specimen, which characterizes the spatial distribution of the 
material density. Micro-CT uses x-ray images to create cross-sections of a 3D-object that can be 
used to recreate models without destroying the original specimen83. No specimen preparation is  
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required and testing is nondestructive. The resolutions of locally available Micro-CT systems are 
in the order of 6–72 um for nominal isotropic substances, depending on the size and density of the 
sample84. The Micro-CT data can be used to calculate histologic  parameters85 including bone 
volume (BV), bone surface (BS), trabecular separation (Tb.Sp), mean trabecular thickness (Tb.Th) 
and trabecular numbers (Tb.N) as well as nonmetric parameters like a structure model index (SMI), 
and connective density (Conn.D) for shape. Many studies showed a high correlation between 
Micro-CT and histologic analysis83, 86, 87. These parameters describing the microarchitecture of bone 
have been shown to be important. Micro-CT is recommended as the gold standard for imaging of 
bone specimens studies at implant sites49.  

 
 
 
 
 
 
 
 
 
 
 
 
 
                                 

 
 

Figure 6: Micro- CT evaluation with the 3D reconstruction of a specimen for bone quality  
                 assessment 
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2. Histologic analysis 

Histologic analysis is a subject normally considered in descriptive terms but 
sometimes it can be measured quantitative value88. The measurements are made on 2D images, yet 
the information derived may be interpreted on a 3D basis. Results are usually showed in ratios or 
percentages (Figure 7). Although histologic analysis has been the gold standard for the 
morphometric examination of the bone specimen, however, the harvest of the bone specimen is 
invasive, destructive and requires a special preparation. Moreover, the structural properties for a 
specific location cannot be reassessed 89,  only limited data sets can be obtained from serial 
sections,90, 91and the destructive nature of the procedure prevents the specimen from being used for 
further experiments. 

 

                     

                           Figure 7: Histologic analysis for bone density measurement 

The correlation of radiographic analysis for the bone quality assessment was 
summarized in Table2.   Nevertheless, there are variations in subjective bone classification. The 
need for the measurement is very important because quantitative classification of bone density 
should be applied for pre-implant surgery that  is not dependent upon  operator experience32.  

It is, therefore, important to determine the correlation of the periapical radiograph, 
CBCT radiographic and Micro-CT radiographic against histological analysis; the gold standard. 
The data of bone quality before implant placement is beneficial for  implant planning and implant 
success rate prediction. 

 



 
 

Table 2: The correlation of various techniques for bone morphology assessment.   

Comparison Results Authors 

 

 

Periapical radiograph  

vs  

CBCT 

CBCT was statistically significantly better in terms of sensitivity (54%), positive (82.6%) /negative 

(44.5%) predictive values, and diagnostic accuracy (61%) when compared with digital radiographs (23%, 

60%, 31%, 39%). 

Stavropoulos A. and 

Wenzel A., 2007.92 

Periapical bone defects measured on periapical radiographs were approximately 10% smaller than on 

CBCT images. 

Christiansen R. et al, 

2009.93 

Periapical films are not reliable in the determination of the exact relationship between the apex of the 

tooth root and the maxillary sinus floor, compared with CBCT. 

Hassan B.A. et al, 

20010.94 

The periapical lesion was better detected by CBCT compared to periapical film. The positive and 

negative predictive values and accuracy for CBCT were all 1, compared with 1, 0.64 and 0.79 for 

periapical radiograph.  

Liang Y.H. et al, 

2014.95 

Periapical radiograph  

vs  

 histologic analysis 

There was no correlation between the periapical radiograph and histological analysis from periapical 

pathology 

Filho M.T. et al, 

2009.96 

Periapical radiograph showed weaker correlations  (r = 0.5, P<0.01) with histologic analysis in bone 

density assessment 

Corpas L. et al, 

2011.69 
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Table 2: (Continued) 

Comparison Results Authors 

Periapical radiograph 

vs  

 Micro-CT 

Periapical films showed a specificity of 78% and a sensitivity of 44%. Apical root resorption may be 

underestimated when evaluated using digitized periapical radiographs compared with Micro-CTs. 

Dudic A. et al, 2008.97 

A high correlation was found between periapical radiographs and Micro-CT in the assessment of 

trabecular bone.  

Amouriq Y. et al, 

2010.98 

 

 

 

 

 

CBCT vs CT  

 

CBCT-based gray density shows significantly higher values than CT-based values  Arisan V. et al, 2013.99 

Cone beam computed tomography (CBCT) and Micro-CT analyses were comparatively performed in 

maxillary sinus augmentation to preliminarily verify the diagnostic potential of CBCT on the evaluation 

of bone regeneration. Data were not statistically different between CBCT and Micro-CT , significant 

correlation between gray level(GL) and  mineralized material amount(MM)  

Soardi C. et al, 

2012.100 

Strong correlation between grayscale of CBCT and Hounsfield units (HUs) of the CT scan  Razi T. et al, 2014.64 

To assess trabecular bone structure parameters (BV/TV, BS/BV, Tb.Th., and Tb.Sp.) from synthetic bone 

specimens of varying densities. The absolute values of the experimental results obtained using dental 

CBCT significantly differed from those obtained using Micro-CT. However, the results yielded by the  

Ho J. T. et al., 2013.101 
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Table 2: (Continued) 

Comparison Results Authors 

 

 

CBCT vs CT  

two instruments demonstrated a strong positive correlation (r= 0.9296 (p < .001), 0.8061 (p < .001), 

0.9390 (p < .001), and 0.9583 (p < .001), respectively. 

 

Trabecular bone microstructural measurements varied significantly, especially in smaller fields of view. 

There was no significant difference in the trabecular parameters when using different resolutions.  

Ibrahim N. et al, 

2013.49 

Grey value in CBCT systems significantly deviated from Hounsfield unit values measured with MSCT 

(p = 0.0001). Grey-level values from CBCT images are influenced by device and scanning settings. 

Parsa A. et al, 2013.102 

There was a linear relation between the grey levels and the attenuation coefficients. This made it possible 

to calculate Hounsfield units from the measured grey levels. 

Reeves T.E. et al, 

201265. 

CBCT 

vs 

Histologic analysis 

No association found between CBCT and bone density from histological analysis. Livada R. et al, 

2009.103 

The bone density measured by both histologic analysis of bone biopsies and the CBCT analysis of bone 

density expressed in Hounsfield units were compared. There was a statistical significant correlation 

between radiographic and histologic analysis.  

Leavitt C.H. et al, 

2010.104 
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Table 2: (Continued) 

Comparison Results Authors 

CBCT 

vs 

Histologic analysis 

CBCT imager, with a spatial resolution as high as 80 μm, had significant correlations with histologic 

analysis on decalcified bone specimens for ex vivo quantification of peri-implant trabecular 

microstructure. 

Huang Y. et al, 

2014.105 

Histologic data demonstrate a definite correlation with the formation of new, vital autogenous trabecular 

bone and bone mineral density from CBCT. 

Lee C. et al, 2011.106 

CBCT 

vs 

Micro-CT 

 

There were a relation between bone density obtained by CBCT (RBD) and morphometric parameter of 

bone analyzed by Micro-CT. Positive correlations between BV/TV (r = 0.769, P < 0.001), BS/TV (r = 

0.563, P = 0.002), Tb.Th (r = 0.491, P = 0.009), Tb.N (r = 0.518, P = 0.005) and BMD (r = 0.699, P < 

0.001) with RBD were identified. On the contrary, BS/BV (r = -0.509, P = 0.006), Tb.Sp (r = -0.539, P = 

0.003) and Tb.Pf (r = -0.636, P < 0.001) were negatively correlated with RBD. 

Monje A. et al, 

2014.107 

There were difference measurement in bone volume fraction (BV/TV) and trabecular thickness (Tb.Th.) 

using CBCT and Micro-CT. However, the parameters showed correlation between CBCT and Micro-CT. 

Ho J. T. et al., 2013.101 
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Table 2: (Continued) 

Comparison Results Authors 

CBCT 

vs 

Micro-CT 

There were a high correlations between the grayscale measured using CBCT and the trabecular bone 

microarchitecture parameters (BV/TV and TbTh) measured using Micro-CT, in addition to high 

correlations between the cortical bone morphology measured using Micro-CT and dental CT.  

Hsu J.T. et al, 2014.108 

 

 

 

Micro-CT and 

Histologic analysis 

The bone configuration in the Micro-CT images corresponded to that observed in the histologic sections. 

The correlation between Micro-CT and histology was significant for cortical (r = 0.65; P < .05) and 

cancellous bone (r = 0.92; P < .05) 

Butz, F. et al, 2006.109 

Good correlation between cortical bone structural measured obtained from Micro-CT datasets and from 

two-dimensional histological sections. 

Particelli, F. et al, 

2012.87 

Biopsy bone core were harvested from posterior maxilla. The relationship between bone density obtained 

by histologic analysis and morphometric parameter of bone by Micro-CT was analyzed. Significant 

positive correlations were observed between BV/TV from Micro-CT and the percentage of bone from 

histologic analysis.  

Garcia, R., et al, 

201383 
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Table 2: (Continued) 

Comparison Results Authors 

Micro-CT and 

Histologic analysis 

Bone implant contact (BIC) and bone implant volume (BIV) obtained from histologic analysis showed no 

significant difference with those  obtained form Micro-CT scan.  

Bernhardt R. et al, 

201286 

Bone implant contact (BIC) assessing in histological image (mean: 61.77±17.07%, median: 64.80%) and 

Micro-CT (mean: 59.50±16.93%, median: 59.50%) showed a positive correlation  (r= 0.854). 

Becker, K. et al, 

2015.110 
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Objective of the study 

Primary Objective   

To determine the correlation between periapical radiography, CBCT, Micro-CT 
and histologic analysis in the assessment of the bone quality of jaw bones for dental implant 
placement. 

Secondary Objectives   

To evaluate the bone morphology in maxilla and mandible. 
To propose a pre-operative parameter for predicting the bone quality for dental 

implant placement from periapical radiograph or CBCT using the correlation data from Micro-CT 
and histologic analysis. 

Expected outcome  

To provide scientific knowledge of the correlation between a conventional 
periapical radiograph, CBCT, Micro-CT and histologic analysis for assessment bone quality of jaw 
bones.  
                            A parameter from periapical radiograph or CBCT that shows a strong correlation 
with bone density parameters from Micro-CT or histology assessment will  benefit the clinician to 
predict the quality of bone at the implanted site prior the implant installation procedure. 

Hypothesis 

There is a correlation between the gray value from the periapical radiograph, gray 
density value from CBCT, and bone density parameter (BMD, BV/TV and %porosity) from Micro-
CT and % bone from histologic analysis. 
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CHAPTER 2 

 

MATERIALS AND METHODS 
 

Patients 

The study protocols were approved by the Human Research Ethics Committee, 
Faculty of dentistry, Prince of Songkla University (Code No. EC5509-35-P). 

Patients   requiring dental implant placements were included in the study.  
Subjects considered eligible for the study included those 20 years or older and physically healthy, 
with no underlying systemic diseases, as determined by medical history records. Patients who had 
an alveolar height of less than 10 mm, needing immediate/delay-immediate implant placements or 
needing small diameter (less than 3 mm) implant placements were excluded.  

All patients had a tooth extracted at least 6 months prior to implant surgery. 
 The implant therapy was planned based on the radiographic and clinical evaluation.  
                            Bone samples were grouped according to the region of harvesting: UA (upper 
anterior), UP (upper posterior), LA (lower anterior), and LP (lower posterior). Samples from each 
group were collected and analyzed according to the protocol. 

The sample size calculation, from one way ANOVA, α was set at 0.05, 80% 
power of test. The samples were studies at least 9 per each groups96.  
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Methodology 

 

 

 
Figure 8: The conceptual framework of the experimental design 

 

 

 

  

Edentulous area for implant placement 

UA, LA, UP and LP groups 

Periapical radiograph with stent 

(Total, cortical and trabecular 

gray value) 

CBCT with stent (Total, cortical and 

trabecular gray density value) 

Micro-CT evaluation  

(Cortical thickness (mm), BV/TV(%), 

trabecular thickness (mm), porosity (%), 

Bone mineral density (BMD: mg/ccm). 

Histology evaluation  

(Total, cortical and trabecular density 

(%)) 

 

 

Impression taking for individual stent 

Bone trephine with stent 

  



22 
 

Pre-operative protocol 
                            The radiographic stents with radiopaque markers located at the surgical site 
were prepared in a cylindrical shape and used during the periapical radiography and CBCT 
(Figure 9) 

 

 

                       9A                                                                                9B 

Figure 9: (9A) Study cast for radiographic stent construction. (9B) Radiographic stent with 
radiopaque markers for locating bone quality measurement 
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Conventional periapical radiography procedure  
                            Standardized periapical radiographs of the experimented sites were taken  
(10mA, 65 KVP, 0.42s 12 in FFD) using dental x-ray film size No.2 (Kodak, Ultra speed, USA) 
with a standardized custom lead step wedge. An X-ray machine was used (Gendex, IL, USA) and 
the films were processed by an automatic film processor (Dent X 9000, DentX/Logetronics 
GmbH, Germany). The films were transformed into digital TIFF files by a scanner (Epson: 
Perfection 4870 Photo, Seiko Epson Corp, Japan).  
                           A custom lead step wedge preparation was arranged by using a lead strip from 
film No.2. The first stripe was cut  5 mm in width and 30 mm in length.  The remaining 5 strips 
must be cut progressively 5 mm shorter in length but with the same width.  The stripes were 
placed one on top of the other, starting with the longest and getting progressively smaller until a 
series of even steps were built up, then  the strips were glued together and the films were sealed 
(Figure10) 
                          The gray value was calculated from the corresponding area 2x2 mm (cortical 
bone area),2x3 mm (trabecular bone area) and 2x5 mm (total bone area) for dental implant 
placements using Image J program V1.46r for gray value measurement (Figure 11). 

 

 

Figure 10: (10A) Periapical radiograph with lead step wedge. 
                   (10B) Radiographic stent with the  parallel hole filled with radiopaque material to 
                             locate the position for bone density measurement 

 

5 mm 

5 mm 

10A 10B 
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   11A     11B 

 

11C 

Figure 11: (11A) The periapical radiograph with area for gray value measurement 
                   (11B) Area for bone density measurement the cortical (2x2 mm), trabecular  
                             (2x3 mm) and total (2x5 mm) gray value measurement underneath radiopaque  
                             marker from periapical radiograph 
                   (11C) Image J program for gray value measurement from periapical radiograph 

CBCT procedure and analysis 

CBCT (3D Accuitomo, J. Morita, Japan) was used for preoperative evaluation 
of implanted site.  The intended implant site was located by radiographic stent with a radiopaque 
marker (Figure 11). CBCT scan was performed under the following conditions: a tube current of 
5 mA, a tube voltage of 90 kV, and a field of view (FOV) of 40 mm in diameter; with a voxel 
size of 0.125 mm; 17.5 seconds.  
                             The corresponding area (2x5 mm) for dental implant placements were localized 
and analyzed for the gray density value at the voxel in the region of interest (ROI). (Figure12).  
The measurements were as follows: i) cortical thickness, ii) cortical gray density value  
(2x2 mm), iii) trabecular gray density value (2x3 mm), and iii) total gray density value (2x5 mm) 
using One volume viewer program V1.5.0 (216 bit) for gray density value measurement.  

Cortical 

Trabecular 

2mm 

3mm 

2mm 

Total 
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                              12A                              12B 

Figure 12: (12A) Radiographic stent with the parallel hole filled with radiopaque material to  
                             locate the position for bone density measurement.  
                  (12B) One volume viewer program for gray density measurement from CBCT 

  Bone trephine procedure         

                          At the time of the implant placement, the radiographic stent was placed to locate 
the bone retrieval site. After the administration of local anesthesia (4% articaine hydrochloride 
(Ubistesin 1:200,000; 3M ESPE, Platz, Seefeld, Germany)), a midcrestal incision was performed 
and a mucoperiosteal flap was elevated to allow access to the alveolar ridge. The initial bone drill 
was performed with a 2x5 mm long trephine bur (TRE020M, Hu-Friedy Mfg Co LLC, 
Zweigniederlassung, Germany) through the radiographic stent. This allowed for a core of bone 2x5 
mm long to be obtained. The implant site preparation was then completed, the implant was 
installed, and the flaps were approximated with a synthetic absorbable suture. After retrieval, each 
bone specimen was fixed and stored in 10% neutral-buffered formalin for Micro-CT and histologic 
analysis (Figure13). 
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                          13A                                                                        13B                                                                                            

Figure 13: 13A and 13B Bone trephine for Micro-CT and histologic analysis 

Micro-CT analysis 

To obtain a high-resolution for quantitative measurement of bone formation, 

Micro-CT (Scanco 35, Switzerland) imaging was performed for each bone sample. Trephined and 

formalin-fixed bone cores placed in a sample holder 7 mm x 60 mm were used for Micro-CT 

analysis (70 kV 114uA). The specimens were analyzed to evaluate the cortical thickness (mm), 

bone volume fraction (BV/TV: %), trabecular thickness (Tb.Th: mm), porosity (%) and bone 

mineral density (BMD; mg/ccm) using Micro-CT 35 V. 4.1 program. (Figure14). 
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                      14A                                                                                14B 

 

 

  

 

 

 

 

                                                                          14C 

Figure 14:  (14A) Bone specimen from trephine bur.  
                    (14B) The specimen’s holder for Micro-CT scanning. 
                    (14C) Micro-CT (Scanco 35, Scanco Medical AG, Switzerland) 

Histologic preparation and assessment (Undecalcified bone specimen) 

The specimens were dehydrated using ascending grades of alcohol, infiltrated and 
embedded in methylmethacrylate (MMA, Technovit 7200 NEU, Heraeus Kulzer, Wehrheim, 
Germany) for undecalcified sectioning (Figure15). After the specimens completely polymerized 
(Figure16), each specimen were cut along  the long axis of the specimens, using a diamond  
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wire saw (Exakts, Apparatebau, Norderstedt, Germany) (Figure17). All specimens were glued with  
acrylic cement (Technovit 7210 VLC, Heraeus Kulzer) to silanized glass slides (Super Frost, 
Menzel GmbH, Braunschweig, Germany) and ground to a final thickness of approximately 40 µm. 
The slides were cleaned with alcohol –acetone 1:1, agitated for 5 minutes in 30% H2O2, rinsed  with 
water and then stained for 15 minutes with Toluidine blue, rinsed in water, dried slide and covered 
with slip111(Figure18) . 

 

 

Figure 15: The specimens were dehydrated using ascending grades of alcohol, infiltrated and  
                   embedded in MMA 

 

 

 

Figure16: The specimens were embedded in MMA and completed polymerization for  
                  undecalcified    sectioning 
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Figure17:  The cutting and grinding machines for undecalcified sectioning 

 

                                              

 

 

Figure18: The specimen was stained with toluidine blue 

Histologic analysis 

Histologic analysis was performed by images captured using a light microscope 
(Axiostar, Carl Zeiss, Germany) at the magnification of 5x, associated with a camera (Axiocam 
mRC, Carl Zeiss, Germany). Digital images were evaluated using the image analysis software 
program (Image Pro® Plus 7.0, Media Cybernetics, Silver Springs, MD, USA). The following 
parameters of the bone specimens were evaluated with the percentage of cortical, trabecular and 
total bone specimen (proportion of area of bone to total area) (Figure 19).  
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                           Figure19: Histologic preparation and stained with Toluidine blue for the 
                                              measurement percentage area of cortex and trabecular bone 

Statistical Analysis 

Statistical analysis was performed using SPSS (V16, SPSS Inc., Chicago, IL, 
USA). Descriptive statistics were performed to characterize the bone morphology of 4 study 
groups. The cortical bone thickness and bone density parameters were reported using means and 
standard deviation. The normality test was conducted  for parametric statistical analysis.  One way 
ANOVA and Post hoc analyzes using Tukey HSD were applied to reveal statistically significant 
differences between 4 regions. 

 Pearson correlation coefficients and simple linear regression were used to 
estimate the relationship between corresponding parameters measured with different techniques 
and to examine the strength of a relationship between the cortical thickness  measurement (CBCT) 
and bone density values (Micro-CT and histology). The level of statistical significance was set at 
P<0.05.  

  To determine the reliability of the measurements, 62 randomly selected 
radiograph and histology slide were reexamined and remeasured at 1 months after the initial 
measurements. The intra-operator reliability was reported by calculating the intraclass correlation 
coefficient (ICC) between both measurements. 
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CHAPTER 3 

 

RESULTS 

 

A total of sixty-two bone cores were obtained from 31 maxilla and 31 mandible 
bone samples from 41 patients with a mean age of 54.71 years. Table 3 detailed 4 groups of the 
study according to gender (26 males, 36 females), age and location of the area (previously tooth 
number) where the specimens were obtained. 

Table 3: Sample (n= 62) investigated in this study 

 

Groups 

 

Gender 
(Male/Female) 

 

Mean age 

Bone core 
location  

(number of 
samples) 

 

Total sample 
size (n) 

Upper Anterior (UA) 8/4 52.58 ± 15.79 11(2), 21 (1)  
12(4), 22(3)   
13(1), 23 (1) 

12 

Upper Posterior (UP) 8/11 55.05±12.11 14(3), 24(3) 
15(1), 25(2) 
16(3), 26(3) 
17(2), 27(2) 

19 

Lower Anterior (LA) 4/6 56.60±20.33 31(1) 33(5) 
 43(4) 

10 

Lower Posterior (LP)  6/15 54.71±10.83 34(1)  35(3),  
45(1)  36(6), 
 46(8)   37(1), 

47(1) 

21 
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Evaluation of bone morphology using a periapical radiograph, CBCT, Micro-CT and 

histologic analysis 

Upper anterior (UA) region (Figure 20) 

The bone core harvested from the anterior maxilla showed thin cortical bone 
with fine trabecular bone.  
                            Periapical  radiographs (figure 20a) displayed a fine trabecular pattern with an 
unidentified cortical bone region. The mean gray value  was 94.39±22.32 with the higher density in the 
lower part (gray value: 97.98±19.25) compared to the upper part (gray value: 86.54±19.96). 
                            CBCT (figure 20b) showed very thin cortical bone thickness with moderated 
density of trabecular bone and fine trabecular bone pattern. The mean gray density value of 
CBCT from the cortical bone area (1997.63±274.35) demonstrated higher density compared to the mean 
gray density value from the trabecular bone area (1902.77±279.85). The total gray density value from the 
upper anterior region was 1943.68±268.45.  
                              Micro-CT (figure 20c, 20d) showed moderate cortical bone thickness with 
a high density of trabecular bone. The measured parameters were as followed: BV/TV: 
35.24±10.68 %, trabecular thickness: 0.1516±0.06 mm, porosity: 64.76±10.68% and 
BMD 356.72±157.07 mg/ccm. 
                               Histologic analysis (figure 20e) showed moderate cortical bone thickness with 
an average density of trabecular bone. Mean bone density from the cortical bone area 
(63.07± 11.03 %) was denser than the trabecular bone area (39.74±10.30 %). The bone density 
value  from the upper anterior region, measured using the histologic method, was 44.55±9.98%. 
                                According to the cortical bone thickness of the UA region, the measurement could be 
done only using   CBCT (1.01±0.23 mm), Micro-CT (1.00±0.25 mm) and histologic 
analysis (1.00±0.27 mm). 
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Figure 20 (a-e): The comparison of the image received from the periapical radiograph (20a),    
                           CBCT (20b), Micro-CT (20c, 20d) and histologic analysis (20e) from the upper 
                            anterior region (UA) 

 

 

 

 

 

 

  

 

20(a) 20 (b)  
 

  
20(c) 20(d) 20(e) 
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Upper posterior region (UP) (Figure 21) 
                           The bone core from posterior maxilla presented very thin cortical with very thin 
trabecular bone.  
                            Periapical radiographs (figure 21a) showed fine to coarse trabecular patterns 
with unidentified cortical bone. The mean gray value from the upper posterior region was 83.39±20.22 
with the higher density in the lower part (gray value: 90.01±6.23) compared to the upper part (gray value: 
77.85±4.04). 
                           CBCT (figure 21b) showed very thin cortical bone thickness with a low density 
of trabecular bone and a very fine trabecular bone pattern. The mean gray density value of CBCT 
from the cortical bone area (1842.70±465.21) demonstrated higher density compared to the mean gray 
density value from the trabecular bone area (1733.47±478.12). The total gray density value from the upper 
posterior region was 1784.66±446.87.  

 Micro-CT (figure 21c, 21d) showed thin cortical bone thickness with an average 
density of trabecular bone. The measured parameters were as followed: BV/TV: 36.11±9.15 %, 
trabecular thickness:, 0.1728±0.06 mm, porosity 63.89±0.15% and BMD 341.46±140.50 mg/ccm. 
                            Histologic analysis (figure 21e) revealed thin cortical bone thickness with a low 
density of trabecular bone. Mean bone density from the cortical bone area (61.28± 7.56 %) was 
denser than the trabecular bone area (36.68±11.72%). The bone density value from the upper posterior  
region, measured using the histologic method, was 40.51±11.54%.            
                                  Measuring the cortical bone thickness of the UP region could only be conducted using a  
CBCT (0.87±0.18 mm), Micro-CT (0.90±0.18 mm) and histologic analysis (0.89+0.16 mm). 
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Figure 21 (a-e): The comparison of the image received from a periapical radiograph  
                                  (21a), CBCT (21b), Micro-CT (21c, 21d) and histologic analysis (21e)  
                                  from the upper posterior region (UP) 
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Lower anterior region (LA) (Figure 22) 

                            The bone core from the anterior mandible displayed thick cortical  bone with 

dense trabecular bone.  

                           The periapical radiograph (figure 22a) showed a coarse trabecular pattern, 

however, the cortical bone could not be identified. The mean gray value from the lower anterior region 

was 117.88±43.90 with the higher density in the lower part (gray value: 118.66±17.27) compared to the upper 

part (gray value: 105.24±18.39). 

                            The CBCT (figure 22b) showed thick crestal cortical bone with a high density 

of trabecular bone and a coarse trabecular bone pattern . The mean gray density value of the 

CBCT from the cortical bone area (1856.89±151.62) revealed higher density compared to the 

mean gray density value from the trabecular bone area (1674.97±115.64). The total gray density value from 

the lower anterior region was 1769.07±132.01. 

                           The Micro-CT (figure 22c, 22d) showed thick cortical bone with a high density 

of trabecular bone. The measured parameters were as followed: BV/TV: 63.25±19.86%, trabecular 

thickness: 0.2679±0.09 mm, porosity 45.84±9.15 % and BMD 521.18±210.71 mg/ccm. 

                           Histologic analysis (figure 22e) showed thick cortical bone with a high density 

of trabecular bone. The mean bone density of the cortical bone area (68.86± 4.39%) was slightly 

denser than the trabecular bone area (50.26±7.21%). The bone density value from the lower 

anterior region, measured using the  histologic method, was 55.62±9.97%.  

                            The measurement of the cortical bone thickness of the lower anterior region could only be 

conducted using a  CBCT (1.19±0.24 mm), Micro-CT (1.20±0.22 mm) and histologic analysis 

(1.23±0.20 mm). 
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Figure 22 (a-d): The comparison of the image received from a periapical radiograph (22a),  

                           CBCT (22b), Micro-CT (22c) and histologic analysis (22d) from the lower  

                           anterior region (LA). 
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Lowerior region (LP) (Figure 23) 

                            The bone core from the posterior mandible demonstrated thick cortical bone 

with dense trabecular bone.  

                            The periapical radiograph (figure 23a) showed a coarse trabecular pattern. The 

mean gray value from the lower posterior region was 91.07±32.61 with the higher density in the lower part 

(gray value: 93.41±7.18) compared to the upper part (gray value: 83.18±6.81). 

                            The CBCT (figure 23b) showed thick crestal cortical bone with a high density 

of trabecular bone and a coarse trabecular bone pattern. The mean gray density value of CBCT 

from the cortical bone area (1930.40±438.44) revealed higher density compared to the mean 

gray density value from the trabecular bone area (1787.16±391.67). The total gray density value from the 

lower posterior region was 1848.49±413.55. 

                            The Micro-CT (figure 23c, 23d) represented thick cortical bone thickness with 

 a high density of trabecular bone. . The measured parameters were as followed: BV/TV: 

46.74±13.14%, trabecular thickness: 0.2384±0.07mm, porosity 53.25±13.14% and BMD 

480.76±186.21 mg/ccm. 

                            Histologic analysis (figure 23e) showed thick cortical bone with a high density 

of trabecular bone. Mean bone density from the cortical bone area (66.64±11.33%) was denser 

than the trabecular bone area (44.58±9.95 %). The bone density value from the lower posterior 

region, measured using the  histologic method, was 51.61±13.07%. 

                           The measurement of the cortical bone thickness of the lower posterior region could only be 

conducted using a CBCT (1.16±0.25mm), Micro-CT (1.17±0.25mm) and histologic analysis 

(1.17±0.23mm).  
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Figure 23 (a-d): The comparison of the image received from a periapical radiograph (23a),  
                            CBCT (23b), Micro-CT (23c, 23d) and histologic analysis (23e) from the lower 
                             lower posterior region (LP). 
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The correlation among periapical radiograph, CBCT, Micro-CT and histology analysis in 

the assessment of bone quality 

The parameters for bone density from a periapical radiograph (gray value), CBCT 

(gray density value), Micro-CT (BV/TV, trabecular thickness, porosity, BMD), and histologic 

analysis (bone density), measured from 4 regions, were summarized in Table 4 and Figure 24-32. 

Table 4: The bone density parameters measured from a periapical radiograph, CBCT, Micro-CT  
               and histologic analysis 

 UA UP LA LP p-value 

Periapical radiograph 

Total gray value 
94.39±22.32 83.39±20.22 117.88±43.90 91.07±32.61 p=0.192 

CBCT 

Total gray density value 

1943.68±268.4
5 

1784.66±446.87 1769.07±132.01 1848.49±413.55 p=0.648 

Micro-CT 

BV/TV(%) 
35.24±10.68 36.11±9.15 63.25±19.86 46.74±13.14 p= 0.000004 

Micro-CT 

Trabecular 
thickness(mm) 

0.1516±0.06 0.1728±0.06 0.2679±0.09 0.2384±0.07 p = 1.8x10-4 

Micro-CT 

Porosity (%) 
64.76±10.68 63.89±0.15 45.84±9.15 53.25±13.14 p= 0.0002 

Micro-CT 

BMD (mg/ccm) 
356.72±157.07 341.46±140.50 521.18±210.71 480.76±186.21 p= 0.013 

Histologic analysis 

Bone density (%) 
44.55±9.98 40.51±11.54 55.62±9.97 51.61±13.07 p= 0.005 
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Since the density data from histologic analysis can be considered as a reference 

value, the bone density showed the difference between the four regions of bone. The LA bone core 

showed the highest bone density, followed by the LP, UA and UP. All the parameters  

from periapical radiography, CBCT and Micro-CT revealed the same pattern of bone 

 density. However, the gray value of the periapical radiographs and the gray density value 

 from CBCT could not denote the difference between the 4 bone types. 

 

 

 

 

 

 

 

 

Figure 24: Total, cortical and trabecular gray value from periapical radiograph in each groups 
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Figure 25: Total, cortical and trabecular gray density value from CBCT in each groups 

 

Figure 26: BV/TV (%) from Micro-CT in each groups 
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Figure 27: Trabecular thickness (mm) from Micro-CT in each groups 

Figure 28: Porosity (%) from Micro-CT in each groups 
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              Figure 29: Bone mineral density (mg/ccm) from Micro-CT in each groups 

 

Figure 30: Cortical bone density (%) from histologic analysis in each groups 
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Figure 31: Trabecular bone density (%) from histologic analysis in each groups 

 

Figure 32: Total bone density (%) from histologic analysis in each groups 
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The correlation between gray value of periapical radiography and other bone density 
parameters from CBCT, Micro-CT or histologic analysis 

According to the bone density assessment among 4 various technique, there was 

no correlation between periapical radiography gray value and other bone density parameters from 

CBCT, Micro-CT or histologic analysis as shown in Table 5 (Figure 33-38). 

Table 5: The correlation coefficient between periapical radiography gray value and other bone  
               density parameters from CBCT, Micro-CT or histologic analysis 

Periapical 
CBCT, Micro-CT and histologic 

analysis 

Coefficient 

correlation 
p-value 

Gray value 

Gray density value from CBCT r= -0.237 p = 0.064 

BV/TV from Micro-CT r = 0.107 p = 0.408 

Trabecular thickness Micro-CT r= -0.112 p = 0.386 

Porosity from  Micro-CT r= -0.054 p = 0.676 

BMD from Micro-CT r = -0.039 p = 0.961 

Bone density from histologic analysis r = -0.006 p = 0.765 
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Figure33: The correlation coefficient between gray value from periapical radiograph and gray  

                 density value from CBCT 

 

Figure34: The correlation coefficient between gray value from periapical radiograph and BV/TV  

                 from    Micro-CT 
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Figure35: The correlation coefficient between gray value from periapical radiograph and  

                  trabecular thickness from Micro-CT 

 

Figure36: The correlation coefficient between gray value from periapical radiograph and  

                  porosity from    Micro-CT 
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Figure37: The correlation coefficient between gray value from periapical radiograph and bone  
                   mineral density from Micro-CT 

 

 
Figure38: The correlation coefficient between periapical radiography gray value and bone  
                  density from histologic analysis 
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The correlation between gray density value of CBCT and other bone density parameters 
from Micro-CT or histologic analysis 

Gray density value measured from CBCT showed no correlation with bone 

density parameters from Micro-CT or histologic analysis as shown in Table 6 and Figure 39-43. 

Table 6: The correlation coefficient of gray density value of CBCT and other bone density 
                parameters from Micro-CT or histologic analysis 

CBCT 
Micro-CT or histologic 

analysis 

Coefficient 

correlation 
p-value 

Gray density 

value 

BV/TV from Micro-CT r = -0.057 p = 0.657 

Trabecular thickness Micro-CT r = -0.099 p = 0.444 

Porosity from  Micro-CT r= 0.033 p = 0.800 

BMD from Micro-CT r = -0.106 p = 0.411 

Bone density from histologic 

analysis r = -0.135 p = 0.294 
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  Figure39: The correlation coefficient between gray density value from CBCT and BV/TV from 

                    Micro-CT 

 

  Figure40: The correlation coefficient between gray density value from CBCT and trabecular  

                    thickness from Micro-CT 
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  Figure41: The correlation coefficient between gray density value from CBCT and porosity  

                    from Micro-CT 

 

  Figure42: The correlation coefficient between gray density value from CBCT and bone mineral  

                    density from Micro-CT 
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Figure43: The correlation coefficient between gray density value from CBCT and bone density  

                  from histologic analysis 
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The correlation between bone density parameter of Micro-CT and bone density from 
histologic analysis 

There was a positive correlation between bone density parameters from the 

Micro-CT and bone density parameters from the histologic analysis as shown in Table 7. A high 

positive Pearson’s correlation coefficient was observed between BMD (Micro-CT) and bone 

density (histologic analysis) (r=0.812). The correlation between porosity (Micro-CT) and bone 

density (histologic analysis) was moderate (r=-683), as was the correlation between BV/TV 

(Micro-CT) and bone density (histologic analysis) (r= 0.617), (Figure 44-46) 

Table 7: The correlation coefficient of bone density parameters from Micro-CT and bone density  
                parameters from histologic analysis 

Micro-CT Histologic analysis 
Coefficient 

correlation 

p-value 

BV/TV 

Bone density 

r = 0.617 p = 9.47x10-8 

BMD r = 0.812 p = 1.11x10-15 

Porosity r= -0.683 p = 9.45x10-10 
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 Figure44: The correlation coefficient between BV/TV from Micro-CT and bone density from  

                   histologic analysis 

 

  Figure45: The correlation coefficient between bone mineral density from Micro-CT and bone  

                   density from histologic analysis 
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Figure46: The correlation coefficient between porosity from Micro-CT and bone density from  

                  histologic analysis 
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The cortical bone thickness measured from periapical radiography, CBCT and Micro-CT  

The cortical bone could not be localized in periapical radiography, so the  
thickness could not be achieved using this technique.  
                            The cortical bone thickness from CBCT and Micro-CT were demonstrated by 
means, mean differences, and absolute mean differences between each pair of CBCT and Micro-
CT measurement. Pearson’s correlation coefficients were calculated for each pair of CBCT and 
Micro-CT measurement as shown in Table 8. There was no difference for linear measurement 
between CBCT and Micro-CT evaluation. The UP group showed thinnest cortical bone thickness 
compared with mandible (LA and LP) ( p< 0.05) but not difference s ignif icant  
 from UA (p> 0.05). 

Table 8: Measurement accuracy of cortical thickness of 4 regions by means, mean difference  
               (Mean Diff), Absolute value of the mean difference (Mean Abs), standard deviations,  
               and correlations 

 

 

Location 

 

 

CBCT 

Mean±SD 

(mm) 

 

 

Micro-CT 

Mean±SD 

 (mm) 

 

Differences 

(CBCT-Micro-

CT) 

Mean Diff±SD 

(mm) 

Abs 

Differences 

(CBCT-Micro-

CT) 

Mean Abs±SD 

(mm) 

 

 

Pearson’s 

Coefficient 

correlation 

 

 

p-value 

UA 1.01±0.23 1.00±0.25 0.007±0.09 0.078±0.09 0.928 p = 0.811 

UP 0.87±0.18 0.90±0.18 -0.032±0.10 0.078±0.10 0.842 p = 0.186 

LA 1.19±0.24 1.20±0.22 -0.08±0.09 0.080±0.09 0.930 p = 0.783 

LP 1.16±0.25 1.17±0.25 -0.05±0.09 0.095±0.09 0.932 p = 0.797 

p value p = 0.0004 p = 0.001     
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Correlation between cortical thickness and bone density 

The correlation of CBCT”s cortical bone thickness (CBCT) and bone mineral 
density from Micro-CT was high (r=0.818, r2= 0.669). There was moderate correlation between  
cortical thickness (CBCT) and bone density for  histologic analysis (r=0.738, r2= 0.545), BV/TV 
of Micro-CT (r=0.634, r2= 0.402), trabecular thickness (r= 0.626, r2= 0.392) and  
porosity (r= -0.662, r2= 0.438). The data was demonstrated in Table 9 

 

Table 9: The correlation coefficient of cortical thickness from a CBCT and bone density  
               parameters from  Micro-CT and histologic analysis 

 

CBCT 

Micro-CT or histologic 

analysis 

Coefficient 

correlation (r) 

 

(r2) 

 

p-value 

Cortical 

bone 

thickness 

 

BV/TV from Micro-CT r = 0.634 0.402 p = 3x10-8 

Trabecular thickness r= 0.626 0.392 p = 8x10-13 

Porosity from  Micro-CT r= -0.662 0.438 p = 5x10-9 

BMD from Micro-CT r = 0.818 0.669 p = 5x10-16 

Bone density from histologic 

analysis r = 0.738 
 

0.545 p = 7x10-12 

 

The intraoperator reliability for all parameters  

The intraclass correlation coefficient ICC value for the 7 continuous variables; 
gray value (periapical radiograph), gray density value (CBCT), BV/TV (Micro-CT), Trabecular 
thickness(Micro-CT) %porosity (Micro-CT), bone mineral density (Micro-CT), and bone density 
(histologic analysis) showed good reliability with coefficients from 0.93 -0.95.  
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CHAPTER 4 

 

DISCUSSION 

 

The relationship among periapical radiograph- and CBCT- based  
gray density value, Micro-CT bone density parameters (BMD, BV/TV, %porosity),  
 and bone density from histology analysis were analyzed in this study.  
                         Many studies have confirmed the correlation of Micro-CT and histologic 
analysis.83, 87, 109 Butz and coworkers found that a Micro-CT image corresponded to a histological 
analysis section from a surface implant to bone contact for cortical bone (r=0.65) and trabecular 
bone (r=0.92)109. Micro-CT and histologic  analysis are recommended as the gold standard for 
imaging bone specimens studies at implant sites49. The present study, the bone density parameters 
from Micro-CT, in particular, BMD showed high coefficient correlation with bone density  
measured from histology assessment, results that were similarly reported in others   
studies83, 86, 87, 109. This could confirm a strong correlation and validity between Micro-CT and 
histologic analysis.   

The accuracy of periapical radiography, CBCT, Micro-CT and histologic analysis: 

Implications for bone morphology assessment for dental implant placement 

For pre-operative dental implant planning, periapical radiographs and CBCTs 
were the most common radiographs taken to evaluate bone morphology and nearby vital  
organs. However, these radiographic techniques have limitations; the quality and  accuracy 
of the radiography from each  technique  vary. There have been  variations in  
 periapical radiographs and CBCTs for bone quality measurement in many studies.  
                            The present study also confirmed the limitation of periapical radiograph image 
for assessment bone quality at the dental implant site. The cortical thickness, that indicates the  
primary stability of dental implant, could not identify with this radiograph image. Moreover, the 
periapical radiograph-based gray value was not correlated to bone density parameter from Micro-
CT or histology analysis. This is in agreement with the results previously reported by Tanomaru-
Filho and coworker in 200996, who concluded that no correlation between periapical radiographic 
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images compared with histologic images.  In addition, periapical radiographs may suffer from 
distortion, magnification58 and image processing53. Errors in  demonstrating exact bone density 
may come from the 2 dimensional-based radiograph, which accumulates the density from the 
buccal to lingual side. A previous study showed the limitations of periapical radiographs for 
discriminating various gray density value of hard tissue (enamel, dentine, and bone) resulting in 
only 44% sensitivity and 78% specificity compared with  a Micro-CT for detecting 
root resorption97. A recent study confirmed the inaccuracy of periapical radiographs 
to validate the size of a bony defect in the jaw bone,  showing that the defect size  
in periapical radiographs was smaller than the histologic image by approximately 10%93.  
Lia and coworker in 2004 found that the validity of periapical radiographs for measuring  
periapical lesions ranged from 67.97-76.27%, confirmed by histologic images112.  
It should be noted that a periapical radiographic image will show only gross details of soft 
and hard tissue structure without  accuracy in size or density of the tissues. 
                            A CBCT is the most commonly used diagnostic tool for evaluating anatomical 
structure as well as bone architecture prior to dental implant placements. Recently,  
the American Academy of Oral and Maxillofacial Radiology (AAOMR) updated  
its guidelines for dental imaging in implant treatment, suggesting a CBCT as the  
preferred  method for pre-surgical assessment of dental implant sites113. Their recommendations  
are not mandatory; however, their goal is to give dental professionals a qualified  
opinion on imaging while reducing radiation risks to the patient. 
                          A CBCT could  determine the validity differences between 2D images in  
insignificant clinical situations 114. The measurement error of CBCT was found to range from  
1.86-4.61% with no significant difference between the measurements and actual specimens 61.  
The present study confirmed a high correlation between the CBCT and Micro-CT  
(r=0.933), showing  there was  0.94 % difference between a CBCT and Micro-CT for linear 
measurement. Concerning  the mathematical difference of CBCTs and Micro-CTs, the present 
study found  that the specimen showed a difference of about 0.01 mm , which 
corresponded to  Mangione and coworker62 that reported a difference of 0.2 mm.  
                            The main drawback of CBCT technology is the lack of appropriate bone 
determination. Regarding  bone density propose, the HU from medical CT scans, which measures 
radiodensity, can provide an accurate absolute density.  Radiodensity is inaccurate in CBCT  
 

http://www.aaomr.org/
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scans because different areas in the scan appear with different grayscale value depending on their 
relative positions to the organ being scanned, despite possessing identical density, because the  
image value of a voxel of an organ depends on the position in the image volume 115. Although 
some authors have supported the use of a CBCT to evaluate bone density by measuring gray 
density showing a reliable modality for bone density measurement116 71, 72, 105, 117, 106 , the validity of 
gray value from a CBCT for bone density measurement is still controversial. The gray density 
value obtained from CBCT images are not an absolute value like HU value obtained using CT. 
Katsumata and coworker found that calculated HU on a CBCT scan varied widely from a range  
of -1500 to over +3000 for different types of bone118 . Even after a correction had been applied to 
gray levels with the CBCT, the HU value were much more reliable than the gray density value 
obtained from the CBCT66, 72, 119. In addition, Corpas and coworker in 2011 showed that a CBCT 
was not found to be reliable compared with histologic analysis (r= 0.28)69. The present study 
showed a consistent finding that  gray value from a CBCT has low validity and no correlation 
compared with Micro-CT or histologic analysis. It should be taken into consideration that CBCT 
systems do not employ a standardized system for scaling the gray levels that represent the 
reconstructed density value and as such, they are arbitrary and do not allow for assessment of  
bone quality120. In the absence of such a standardization, it is difficult to interpret the gray levels 
or impossible to compare the value resulting from different machines.According to this finding, 
utilizing data from a CBCTas the tool for evaluation of bone density should be done with caution. 
                           The present study demonstrated a high correlation between cortical bone 
thickness measured from CBCT and the density of the bone specimen represented either by a 
Micro-CT (BV/TV; r=0.634, , porosity; r=-0.662, BMD; r=0.818) or  by bone histologic analysis 
(bone density from histologic analysis r=0.818). Corresponding to Thiele and coworker,121  a 
positive correlation between the cortical thickness and bone mineral density (BMD) in cortical and 
cancellous bone from a Micro-CT measurement in femoral bone was found. The cortical 
thickness affects the bone density and primary stability. These results suggest that the cortical 
thickness measured from a CBCT could be used as an indicator for bone density that could  
represent bone quality at the implant installation site.  From this study, it could be assumed that the 
more cortical bone thickness, the denser the trabecular bone would be. 
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CHAPTER 5 
 

CONCLUSION 
 

 The mandible (LA and LP) revealed the higher cortical thickness and bone  

density than the maxilla (UA and UP) according to the Micro-CT and histologic analysis. 

Regarding the bone density evaluation, periapical radiograph- and CBCT-based gray density 

value could not reveal the true bone density that using BMD, BV/TV, and histology assessment 

as the references. 

                         The present study demonstrated the strong correlation between the cortical  

thickness measured from CBCT and the bone density parameters assessed by Micro -CT and 

histologic analysis. This pre-operative parameter could be utilized as the indicator for bone 

quality at the implant installation site.  

                           The use of periapical radiograph and CBCT as the preoperative diagnostic tool 

for dental implant installation should be done with caution. CBCT might be a useful technique 

for the 2D measurement (the length) rather than the 3D parameter (gray density value). 
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