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ABSTRACT 

 The objective of this research was to determine the relationship between 

cortical bone thickness measured by CBCT (cone beam computed tomography) and 

primary implant stability from RFA measurement (Resonance Frequency Analysis).  

A total of 12 implants were placed in 8 patients at the posterior mandible sites. The crestal 

cortical bone thickness, buccolingual bone thickness at 5 mm. below the alveolar crest, 

and bone quality of implant recipient sites were preoperatively recorded using CBCT. 

RFA measurements (ISQ value) were taken using an Osstell ISQ immediately after 

implant placement. The correlation between crestal cortical bone thickness and primary 

implant stability and correlation between buccolingual bone thickness and primary 

stability were tested using Pearson's correlation with a P value of less than 0.05 considered 

statistically significant. 

The results showed that mean crestal cortical bone thickness and buccolingual 

bone thickness at 5 mm. below the alveolar crest were 1.42 ± 0.65 mm. and 6.95 ± 1.37 

mm., respectively. The bone at the implant sites was classified as bone quality type II and 

III. The mean ISQ value was 73.33 ± 6.14. No significant correlations were found 

between crestal cortical bone thickness and primary stability (r = 0.171, P > 0.05) and 

buccolingual bone thickness and primary stability (r = 0.473, P > 0.05). 

 With the limitations of this study, crestal cortical bone thickness and 

buccolingual bone thickness seem not to influence the primary implant stability. Further 

research is required to confirm the outcome. 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 Background and rationale 

Nowadays the use of dental implants to restore missing teeth without 

affecting adjacent teeth has been increasingly accepted as a standard dental treatment. 

Many clinical studies have revealed favorable outcomes with  implant treatment. 
1-4

 

The success of any implant treatment  depends on several factors, such as  patient-

related factor  including general health conditions, surgical procedure, dental implant 

materials
5
 and also  quality and quantity of available bone.

6,7
 High failure rates for 

implants placed in maxilla especially posterior maxilla have been seen in several 

studies 
8,9

 The primary  cause of the higher failure rate may be associated with  bone 

quality of maxilla because it has poorer bone quality than the mandible. 
10

 The success 

rate of dental implants is related to the volume and density of the local bone. 

Therefore, it is important to evaluate quantity and quality of the jawbone before 

implant placement. Several classification and procedures have been explained for bone 

quality evaluation.
11-13 The most widely used bone classification is introduced  by 

Leckholm & Zarb.
12

 They subjectively classified bone into four groups depending on 

the amount of cortical bone and trabecular bone according to radiographic 

examination and surgeon’s tactile sensation during drilling at implant sites. However, 

this classification is subjective and is based on individual perception. Moreover, it 

cannot show bone quality of the entire jawbone. Because of poor reproducibility and 

objectivity, this bone quality measurement has recently been questioned. Johansson 

and Strid  proposed  a method that objectively measure the torque forces used during 

implant placement.
14

 Studies have shown correlation between the cutting resistance 

during implant insertion and bone density as evaluated by microradiography.
15

 This 

measurement may be useful to provide information on bone quality;  however, it can 

be performed only after dental implants have already been placed. Therefore, in the 

past few years, the concept of using computerized tomography (CT), a more objective 
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method for assessing bone quantity and quality before implant placement, has been 

used and has gained popularity.
7,16

 Bone density measurements from CT expressed in 

Hounsfield units (HU), ranges from -1000 to 3000. From CT  image ,the density of 

structures can be quantitatively seen and  tissue in each area  can be distinguished by 

these values.(i.e.,muscle, 35-70 HU; fibrous tissue, 60-90 HU, cartilage,80-130 HU; 

bone 150-1800 HU) and differentiate  bone quality (D1bone , >1250 HU; D2 bone, 

850-1250 HU;  D3 bone, 350-850 HU; D4 bone 150-350 HU)
17

 However, a high 

radiation dosage is absorbed by patient during CT scan. Therefore, cone beam 

computerized tomography (CBCT)  technique, espeacially designed for dental and 

maxillofacial imaging with high resolution, reduce radiation exposure, and costs 

compared with CT, was introduced.
18,19

  

 Primary stability of dental implant depends on several factors, such as 

implant design, surgical procedure, quantity and quality of available bone. When 

predicting implant stability, bone quality is the one of the most important factors to be 

considered. A good stability favors osseointegration of implant.
20

 One of several 

methods that have been used in research for the last decade to assess the stability of  

implant is resonance frequency analysis (RFA). It is an objective method to assess 

implant stability and osseointegration. It is also a non-destructive method that does not 

destroy the surface between implant and tissue around implant. The measurement unit 

is the implant stability quotient (ISQ), ranges from 0 to 100 units. 

 Recently, with development in implant surfaces and clinical techniques, 

the initial healing time has significantly reduced and an early or even immediate 

loading of implant is possible. The successful outcome of immediate or early loading 

concept is dependent on level of primary stability of implant, which could be 

advantageous to  the clinicians if they  can predict  the level of primary implant 

stability before implant placement.21 

 Several studies have shown the relationship between primary stability of 

dental implant and bone quality derived from CT and CBCT
7,19,22

 However, in one 

study
23

, found controversial correlations between CBCT derived gray values and    

CT-derived gray values. Therefore, using gray values derived from CBCT to 

determine bone density may not indicate the actual bone quality. Moreover, only 
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limited studies evaluated bone quality by cortical bone thickness measurement from 

CBCT and correlated with primary stability of implants.
22,24

 

 With this background, the purpose of this study was to find the correlation 

between cortical bone thickness measured from CBCT and implant stability measured 

by RFA. 

 

 

1.2 Hypothesis 

 Cortical bone thickness significantly correlates  with primary implant 

stability. 

 

 

1.3 Objectives 

 The aim of this thesis was to find the correlation between cortical bone 

thickness and primary implant stability. 
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CHAPTER II 

LITERATURE REVIEWS 

 

 

2.1 Bone quality classification 

The success rate of dental implants is related to the volume and local bone  

density. Therefore, evaluation of the bone quantity and quality of the jawbones before 

implant treatment is important. Several classifications and procedures have been 

described for bone quality evaluation.
11-13

 

 

 2.1.1 Leckholm & Zarb’s   bone quality classification 

 The most widely accepted bone classification is the one proposed by 

Leckholm & Zarb.
12

 They subjectively classified  bone into four groups based on the 

amount of cortical bone vs trabecular bone from radiographic examination and 

surgeon’ s tactile sense while drilling at implant sites. 

 

They classified bone into 4 types 

Type I: homogeneous cortical bone in almost the entire jaw. 

Type II: thick cortical bone with dense trabecular bone. 

Type III: thin cortical bone with dense trabecular bone. 

Type IV: thin cortical bone with low density trabecular bone. 

 

 

 

Figure 2.1  Bone quality index
25
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 2.1.2  Misch’s bone quality classification 

The classification by Leckholm & Zarb closely resembles a more recent 

classification by Misch.
26

 Misch classified bone in to four groups (D1, D2, D3, and 

D4) according to bone quality and volume and this classification also introduced a 

composition location, and a bone density measured in Hounsfield units for each type 

of bone. 

 

 D1  bone 

 D1 bone is located mainly in the anterior mandible, composed of almost 

all cortical bone. A Hounsfield unit reading over 1250 and above demonstrates D1 

bone. Therefore, This bone type has the highest bone to implant contact (BIC) and 

initial implant stability. However, it has fewer intrinsic blood vessels and depends on a 

significant blood supply from the periosteum because of its density. 

 

 D2  bone 

D2 bone is composed of a thick cortical bone with coarse trabecular. The 

area where this bone is mostly found is anterior and posterior mandible. A Hounsfield 

reading between 850 to 1250 units is an indicative of type D2 bone. This type of bone 

provides an excellent BIC and presents with rich intrinsic vascularization due to its 

coarse trabeculae. 

 

 D3  bone 

D3 bone is composed of thin cortical bone and dense trabecular bone. This 

bone type can be primary found in the area of anterior and posterior maxilla but also in 

the posterior mandible. A Hounsfield reading between 350 and 850 units is 

representative of type D3 bone. The BIC is also less favorable in D3 bone. Due to the 

porous architecture, failure rate of implant may be increase when placing implant in 

this bone type. Therefore, a modified drill protocol during implant placement may be 

necessary. 

 

 

 

http://www.misch.com/
http://genieoss.com/boneclassv.html
http://en.wikipedia.org/wiki/Hounsfield_scale
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 D4  bone 

D4 bone is composed of mainly low density trabecular bone with very thin 

cortical bone. The most common area for this type of bone is the posterior maxilla.    

A Hounsfield reading between 150 and 350 units is indicative of D4 bone. Due to the 

fine trabecular architecture and often absence of a cortical bone structure, D4 bone 

results in the primary stability of any implant design presents a surgical challenge.
27

 

In implant dentistry, it has been considered that bone quality is comparable 

to bone mineral density 
28

 which can determine in  endocrinology and traumatology by 

bone densitometry.
25

 

 

 2.1.3 Bone classification in Hounsfield unit from computerized 

tomography 

For preoperative evaluation of implant treatment, several imaging 

modalities have been used to assess the quantity and quality of the local bone; the 

position of vital structures close to the future implant sites and the existence of disease 

at the surgical sites. Images from panoramic, periapical and cephalometric provide 

two-dimensional representations of three-dimensional structures and also have  

superimposition of structures. In an attempt to overcome this limitation, using CT for 

dental implant applications was available. This imaging technique creates the 

opportunity to increase more information than the conventional imaging methods. It 

produces accurate three-dimensional image that can help the clinician to visualize the 

alveolar ridges and adjacent structures in all three dimensions and guide the choice of 

implant site, number, size, and axial orientation of the implants. However, the 

limitation of CT such as high radiation expose, high cost and difficulty in accessibility 

associated with CT, CBCT was introduced in the field of dental and maxillofacial 

radiology. Patients significantly exposed lower radiation dose during scanning. The 

image created by CBCT provides the potential of enhanced diagnosis and treatment 

planning for a wide range of clinical applications in implant dentistry. 

Producing multiplanar slices of an area of interest and  reconstruct a three- 

dimensional image by using a cone beam x-ray by a series of mathematical algorithms  

is a  principle of  CBCT.
29

 With the advancement of CBCT, it provide an opportunity  

to visualize  image  of maxillofacial skeleton , teeth and the location of vital structures 
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in all dimension. The application of CBCT in the field of dentistry is increasing 

exponentially because of the development of an equipment manufacturers and the 

widespread acceptance of this imaging modality. Generally, based on the field of view 

size (FOV), CBCT units can be classified into small, medium, and large volume which 

can be selected depend on each case. As the FOV decreases, the image resolution is 

higher due to decrease of x-ray noise. They are used to visualized only a quadrant to 

one jaw. Medium volume CBCT machines use to image both jaw. For orthodontic 

treatment and orthoganathic surgeries, large field of view is necessary to visualize 

complete facial structures and anatomical relationships prior treatment. 
30

 

Several clinical and experimental studies
24,28,31

 show the reliability of  

preoperative  bone quantity  in implant treatment planning derived from  CBCT. 

Furthermore, Using CBCT in presurgical implant treatment   has the potential to assess 

the ridge form and localization of anatomical structures in more than two dimensions 

and to decide whether bone grafting is required for suitable prosthetic driven implant 

position.  Another advantage of this imaging technique is, it can accurately measure 

the cortical bone thickness, walls of maxillary sinuses and the floor of the nasal cavity. 

Bone density assessment from CBCT has also been an area of increasing interest 

because  it can provide an objective measurement of bone density.
27

  However, bone 

density values derived from CBCT are not accurate values, like Hounsfields values 

which originated from medical CT. Until now, it has been obtained only predicted 

bone quality from CBCT. Several studies have been  assessed the reliability of bone 

density measurements obtained from CBCT.
32

 Study of Katsumata 
33

 shows that the 

Hounsfields value obtained from CBCT varied widely from a range of -1500 to over 

+3000 for different bone types. However, after calibration  has been applied to grey 

scales of  CBCT, the values are much similar to hounsfields   value  derived from 

medical CT. 
34,35

 On the other hand, in one study
36

, found controversial association 

between gray values obtained from CBCT and  CT. Therefore, using gray values 

derived from CBCT to determine bone density may not indicate the actual bone 

quality. Some studies have found that CBCT might has the ability to analyze cortical 

bone thickness and the structure of trabecular bone and  also found a correlation 

between bone quality and dental implants  primary stability.
19,22

  Therefore, using  
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CBCT to quantify bone quality  may be a possible diagnostic tool before implant 

treatment.
37

 

 

 

2.2 Implant stability  

Implant stability can be described as the lack of clinical mobility. It can be 

classified into primary stability and secondary stability. 

Primary stability is the stability that occurs immediately after implant 

placement and obtains from mechanical interlock of dental implant to cortical bone. 

Bone quality and quantity, surgical technique and also implant design are the factors 

affecting primary stability. Primary stability has been considered as a requirement for 

osseointegration of dental implants especially when deciding to use early or immediate 

loading protocols. If an implant had poor stability at the time of placement, the 

micromotion may occur which will affect the bone healing process and fibrous tissue 

may form and finally, implant failure as a consequence. Primary stability influences 

the strength, rigidity and resistance to movement of the implant at the time of implant 

placement and increases gradually after bone healing. Primary stability must be 

evaluated immediately after insertion because the level of stability may change 

overtime due to bone remodeling at the implant–bone interface. A high primary 

stability of implant  may reduce the overall treatment time of the patient because the 

clinician do not have to wait for the osseointegration of implant before prosthetic 

loading.
38

 

Secondary stability is defined as the biological stability which is  

gradually obtained after a given a bone  regeneration and remodeling period following 

primary stability. It is affected by bone modeling and remodeling, implant surface 

condition and primary stability. Secondary stability is provided by osseointegration 

and requires a direct contact between implant and bone without the interposition of 

connective tissue. Osseointegration is considered as a direct structural and functional 

connection between bone and dental implant surface.
39

 The stability reduces in the 

early weeks, goes through a minimum and rises again when the osseointegration 

occurs. 
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Figure 2.2 Changeover from primary stability created at the time of implant 

placement to secondary stability created by deposition of new bone 

(osseointegration) in humans.
40

 

 

 Long term implant stability is essential for successful osseointegration 

which will affect on the success of treatment outcome.
21

 Consequently, implant 

stability measurement is a significant method for assessing the implant success. 

Functional loading time depends on the secondary stability. Therefore, quantification  

of implant stability at different time points  is necessary for predictability of long term 

prognosis of implant treatment. 
41

 

 

 

2.3 Implant stability measurement 

 Nowadays, various techniques have been proposed to measure stability of 

implant such as histomophometric analysis, percussion test, radiographic method, 

cutting torque resistance analysis, reverse torque analysis, resonance frequency 

analysis and periotest. 

 

  2.3.1 Histomophometric analysis 

This method has been used to quantify bone to implant contact in 

percentage from ground sections of implant under light microscope. It is used as a 
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gold standard as a quantitative method, however it is invasive method and cannot use 

in a daily clinical practice.
21,42

 

 

  2.3.2 Percussion test 

A simple and non-invasive way to measure implant stability is to tap the 

implant with a metallic instrument immediately after implant placement, before or 

after the time of abutment connection. The purpose of this technique is to determine 

the ringing sound from percussion. However, it is non-specific method and cannot 

show the value of  implant stability.
43

 

 

  2.3.3 Radiograph method 

 The most extensively used method for preoperative implant placement and 

also postoperative implant placement to assess osseointegration of implant placed is 

radiographic technique. The aim of this technique is to evaluate crestal bone and also 

peri- implant radiolucency. Although ,it is a good diagnostic method ,it is not easy to 

standardize and not specific to measure the stability of implant.
43

 

 

  2.3.4 Cutting torque resistance 

Cutting torque resistance measurement used to assess bone quality which 

significantly correlated with implant stability has been proposed by Johansson and 

Strid. The principle of this technique is to measure the torque that created while 

preparation an implant osteotomy. It is one part of standard clinical procedure before 

placing implant into the bone. A torque gauge can also be used to measure implant 

insertion torque in N-cm. This method is later developed by Friberg, who measured 

cutting torque resistance in 31 sites of autopsy specimens, He found that maxilla has 

lower cutting torque resistance compared to mandible and there was a tendency that 

this value were higher in incisors regions than premolar regions. However, the main 

limitation of this technique is that it cannot use to predict bone quality before implant 

placement or after implant were placed.  Moreover, the cutting torque resistance value 

may be depend on the sharpness of cutting instrument used and implant design.
43
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  2.3.5 Reverse torque analysis 

Reverse torque analysis is used to evaluate implant stability at the time of 

abutment connection. The principle of this technique is to measure a critical torque 

value where osseointegration of placed implant was destroyed and also give the 

indirect information about amount of bone to implant contact. However, it is a 

destructive technique which even at low level of torque can cause the risk of 

irreversible plastic deformation and resulted in implant failure. Additionally, the 

threshold values of reverse torque are different among patients which depend on bone 

quality and quantity of individuals. For example, reverse torque testing in implant 

placed in poor bone quality may has a higher risk of implant failure.
43

 

 

  2.3.6 Resonance frequency analysis 

RFA is a test that can assess implant stability in an objective way which is 

non-destructive method that does not destroy implant –bone interface. It has been 

widely used in research for the last 10 years. The bending force which is stimulated by 

magnetic or electric from transducer that connected to implant is applied to the 

implant and elastic bone deformation can cause displacement of the implant. 

Measurement unit of implant displacement is resonance frequency value which are 

ranging from 3500-8500 hertz and are converted into ISQ 1-100. The frequency value 

expressed is affected by the stiffness of bone-implant attachment. The higher of ISQ 

value means the higher of implant stability while the lower values indicated lower  

stability. There are several generations of resonance frequency analysis .The first and 

the second generation need computer, oscilloscope and frequency analyzer to visualize 

the resonance frequency. Moreover, the transducer need to be calibrated before using, 

so it is considered not user-friendly. From the development of third generation 

instruments (Osstell®; ISQ, Gothenburg, Sweden), computer is not necessary to 

analyze the information due to a combination of computer and analyzer in one 

machine and it can be used without calibration of transducer prior measurement 

therefore, it is light and simple to use in everyday clinic practice. The machine is 

wireless and transducer called “smartpeg” is connected to implant via screw and the 

top of smartpeg contained a magnet which can be stimulated by electromagnetic wave 

from computer instrument and expressed in ISQ unit. 
21,42
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 2.3.7 Periotest 

 Periotest is used to measure the stability of dental implant in an objective 

and non- invasive way. It is adapted from measuring the clinical mobility of the tooth. 

The principle of this technique is to use the electrically controlled rod taps the implant 

4 times in 1 second at a constant speed. The scale of the stability scale is ranging from 

-8 to +50. The lower the value means the higher implant stability. 
44

 

 

 

2.4 Factors that affect primary stability of implant 

 

 2.4.1 Surgical technique 

In poor bone quality, such as the area of posterior maxilla that has thin 

cortical bone and low density trabecular bone, the clinician  can modified a surgical 

technique to obtain a higher primary stability of implant . There are various surgical 

techniques for improving the primary stability of implants, such as using osteotome 

technique, self-tapping implantation, and under preparation of osteotomy. 
45

 

 

  2.4.2  Implant used 

 Nowadays, there are various implant shape available in the market. The 

different shape or macrodesign of implant influences directly on the primary stability. 

In poor bone quality or in extraction socket, tapered – screw type implants have been 

used to achieved good primary stability. The level of stability increases because of the 

compression force that occur between the thread of implant and osteotomy site. 
45

 

 

 2.4.3 Bone quantity and bone quality 

 The success of implant treatment depend on the volume and also the 

quality of the bone at the implant recipient site which is the local factor of the patient 

that cannot be modified in implant treatment. In implant dentistry, bone quality often 

refer to bone density however, the meaning of bone quality include other factors than 

bone density such as bone metabolism, cell turnover, vascularization which may affect 

on implant treatment outcome. It is difficult to achieve a high primary stability when 



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Implant Dentistry) / 13 

 

placing the implant in poor bone quality and quantity therefore it is challenge in 

surgery stage of treatment to achieve good stability in this bone type. 
25

 

 

 

2.5 Factors that affect secondary stability of implant 

 Secondary stability is based on the osseointegration of the implant. 

Osseointegration is defined as a direct bone contact  on an implant surfaces under the 

light microscope
1
. 

 It consists of two stages: 

 (1)  Formation of woven bone 

 (2)  Formation of lamellar bone 

 During the third stage, when functional loading has been initiated, the 

bony structures adapt to the load by improving the quality of the bone; replacing     

pre-existing, necrotic and/or initially formed more primitive woven bone with mature, 

viable lamellar bone. This leads to functional adaptation of the bony structures to the 

load. The dimensions and orientation of the supporting elements change. In vitro 

studies have shown the importance of loading forces between an implant and the 

surrounding tissues interface. Even if implants were initially integrated, the 

overloading that was applied can create microfractures and mobility which may 

promote bone resorption around the implant and may promote repair by the 

undesirable growth of fibrous tissue. 
46

 

 Several factors can affect the secondary stability of an implant, among 

these. 

 2.5.1  Bone modeling and remodeling 

 2.5.2 Primary stability 

 2.5.3 Implant surface conditions 

 

 Several studies have shown that surface condition of dental implants 

strongly influenced the secondary stability.
40,47

 A number of implant surfaces have 

been developed to achieve a good secondary stability. Implant with roughened surface 

show higher bone to implant contact or removal torque than the smooth one. 

Nowadays, implant surfaces modification by acid etching and sandblasted is being 
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developed to create a microroughness on implant surfaces in order to accelerate the 

process of osseointegration. Moreover, surface chemistry of implant may affect the 

secondary stability of implant therefore, various attempts have been made to add more 

bioactive molecule including titanium oxide, hydroxyapatide on implant surface to 

improve osseointegration.
48

 

 

 

2.6 Relationship between bone quality and primary implant stability 

 Recently, with implant surfaces and clinical techniques development, the 

initial healing time decrease to the concept of an early or even immediate loading 

which has been widely accepted. The successful outcome of immediate or early 

loading concept is dependent on level of primary stability of implant which could be 

advantageous when the clinician can evaluate the level of primary implant stability 

before implant placement. 
21

 

 Several studies have shown that the bone quality at the implant recipient 

site, measured as bone density and cortical bone thickness from CBCT, can affect 

primary stability at the time of implant placement. 
19,24

 

 Isoda et al 
19

 evaluated relationship between bone density at the implant 

sites preoperatively, derived from  CBCT and insertion torque values and implant 

stability qoutient values. The study showed a significant correlation between bone 

density and primary stability of implants. However, some studies reported that bone 

density measurement derived from CBCT was not the absolute density value, similar to 

Hounsfield unit in CT.
36,49

 

 The cortical thickness at the implant sites was found as a factor that affect  

primary stability of miniscrews.
50 

 Miyamoto,
24

 evaluated the cortical bone thickness of 225 the implant sites 

in 50 subjects by using CBCT scan prior implant surgery and RFA measurement was 

performed to measure primary implant stability. A strong correlation was found 

between cortical bone thickness and primary stability (r = 0.84, P < 0.0001) outcome.  
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CHAPTER III 

MATERIALS AND METHODS 

 

 

3.1 Research design 

 Clinical study. 

 

 

3.2 Patients 

 

 3.2.1 Population and samples 

   3.2.1.1 Population is patients who had partial edentulous area 

at the posterior area of mandible and need dental implant prostheses. 

   3.2.1.2 The research sample includes patients who had the 

same characteristics as the defined population. 

    3.2.1.3 The sample size in this study contains 12 implants. 

 

 3.2.2  Inclusion criteria 

 3.2.2.1 At least 18 years old. 

 3.2.2.2 Have partially edentulous at posterior mandible area 

and need implant placement  

 3.2.2.3 Have adequate bone volume suitable for placing 

implant 4 mm. in diameter and  10 mm. in length. 

  3.2.2.4 Healthy patients with no uncontrolled systemic diseases. 

 3.2.2.5 Adequate oral hygiene. 
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 3.2.3 Exclusion criteria 

   3.2.3.1 Have inadequate bone height (less than 12 mm. from 

the alveolar crest to the inferior alveolar nerve which evaluated from CBCT 

preoperatively) 
   3.2.3.2 Patients with uncontrolled systemic diseases 

    3.2.3.3 Patients who had previous chemotherapy or radiotherapy 

3.2.3.4 Patients who have taken bisphosphanate for more than 

3 years 

3.2.3.5 Patients who were heavy smoker (more than 10 

cigarettes per day) 

3.2.3.6 Patients who had tooth extraction in the implant 

recipient site < 3 months ago 

3.2.3.7 Patients who had bone grafting procedures prior or 

during implant surgery 

 

 

3.3  Study site 

 Department of Oral and Maxillofacial surgery, Faculty of Dentistry, 

Mahidol University, Bangkok, Thailand. 

 

 

3.4  Study period 

  January 2014 to December 2014. 

 

 

3.5  Study protocol 

 The study protocol and consent form were reviewed and approved by the 

faculty of Dentistry and Pharmacy board ethics committee, Mahidol university. All the 

participants signed an informed consent form before enrollment. Patients were 

reviewed and selected according to the inclusion and exclusion criteria. 
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  3.5.1 Preoperative preparation 

 At the first visit, patients’ medical and dental histories were reviewed and 

inclusion and exclusion criteria were confirmed. 

 

 3.5.2 Radiologic evaluation 

 Panoramic scanning was performed for initial evaluation and the cortical 

bone thickness of the implant recipient sites was preoperatively estimated using 

CBCT. (3D Accuitomo, J. Morita) In cross sectional image of CBCT under 

radiographic indicator, cortical bone thickness at the implant at the crestal area was 

measured.  Buccal, lingual cortical thickness and trabecular thickness were measured 

at the level of 5 mm. below the alveolar crest and each bone area were classified in 4 

different bone types (modifided from Leckholm & Zarb bone classification): 

 

  

 

Figure 3.1 Crestal cortical thickness and buccolingual bone thickness measurement 

from CBCT 

 

 Bone quality type 1: buccal and lingual cortical thickness is more than 75% 

of whole bone thickness. 

 Bone quality type 2: buccal and lingual cortical thickness is 50-75% of 

whole bone thickness. 

 Bone quality type 3: buccal and lingual cortical thickness is 25-50% of 

whole bone thickness. 
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 Bone quality type 4: buccal and lingual cortical thickness is less than 25% 

of whole bone thickness. 

 

 

3.6 Implant surgery 

 Patients were premedicated with amoxicillin 1000 mg and ibuprofen 400 

mg 30 minutes before implant surgery. For patients who were allergic to penicillin, 

clindamycin 600 mg was prescribed. A total of 12 Intra-lock implants (Boca Raton, 

FL, USA, Blossom design) size 4.0 * 10 mm. were inserted. All implants were 

inserted at the reciepient site by one oral surgeon, according to a standard surgical 

guideline following the manufacturer’s instructions by using a nonsubmerged 

technique. 

 After the implant placement, the Osstell ISQ was used to assess primary 

stability of the implant by one observer. 

 Smartpeg was tightened on the implant according to the manufacturer’s 

guidelines: 

 •  Interposition of no soft tissue 

 • Using a specific plastic screwdriver to tighten smartpeg at 5-8 Ncm 

manually. 

• No contact between any part of smartpeg and  neighboring teeth 

 • One new Smartpeg were used in each implant at the time of implant 

placement 

 •  After the completion of each measurement, the smartpeg was removed 

from the implant after finish of each measurement. 

 The RF values were measured four times in buccal, lingual, mesial, distal 

direction for each implant. The results were expressed in ISQ values and averaged for 

each implant.  
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Figure 3.2  Ostell ISQ 

 

 After measuring, healing abutments were applied to implants and sutures 

were placed. Antibiotic therapy was given to the patients: amoxicillin 500 mg 3 

times/day during following 5 days. Clindamycin 300 mg 3 times/day during following 

5 days was given to the patients who were allergic to amoxicillin. An analgesic, 

Ibuprofen 400 mg 3 times/day was prescribed for following 1 week. 

 

 

3.7 Post-operative follow up 

The sutures were removed 7 days following the surgery. 

 

 

3.8  Prostheses 

 2 months after implant placement, implant supported crown were 

constructed. 

 

 

3.9 Implant used in this study 

 The intralock implants diameter 4.0 * 10 mm. were used in this study. The 

surface of the implant was a OSSEAN surface which is hydrophilic surface 

impregnated with calcium phosphate which can increase the bone healing by 

minimizing the catabolic phase of surrounding bone and increasing directly to 

anabolic phase. The macrodesign of the implant was BLOSSOM design which is a 
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fully integrated tapping configuration located along the entire body of the implant. It is 

designed to eliminate the high compressive force, this thread design continually cuts 

through the bone with increased efficiency and minimal insertion torque. The 

connection between implant and abutment is an internal connection with Morse taper 

design which provide a friction fit, the IN-DEX retentive system which can eliminate 

micromovement and prevent screw loosening. 

 

 

 

Figure 3.3  Intralock implant 

 

 

3.10 Statistical analysis 

Demographic data, the implant stability at the time of implant placement, 

crestal cortical bone thickness, buccolingual bone thickness at 5 mm. below the 

alveolar crest and bone quality were determined and presented as a mean ± SD, 

median, percentage or frequency  where appropriate for qualitative and quantitative 

variables. 

Kolmogorov-Smirnov test was used to test for normal distribution. The 

correlation between buccolingual bone thickness and primary implant stability and 

correlation between crestal cortical bone thickness and primary stability were tested 

with Pearson's correlation at P value less than 0.05 was considered statistically 

significant.  
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CHAPTER IV 

RESULTS 

 

 

4.1 Demographic data 

 A total of eight patients were enrolled in this study. The mean age was 52 

years. The duration of tooth loss before implant placement was controlled to be more 

than 3 months, in the range 1-10 years. Twelve implants (Intralock, diameter 4 mm. 

and length 10 mm.) were inserted in the posterior mandible area. All restorations were 

implant supported crown.  

 The demographic data of all patients were shown in the table 4.1. 

 

Table 4.1  Patient demographic data 

Descriptive data      N                 % 

 

1. Patients 8 100 

 - Age     (mean)                                                                                                     53 

 - Sex 

    Male 1 12.5 

    Female 7  87.5 

2. Implants 

- Number of implants 12 100 

- Position of implants  

Premolar 4           33.33 

Molar 8  66.67 

- Duration of tooth loss (months) 

< 6 months  

6-12 months 

  > 12 months  12 100 

 

 

 



Pobploy  Petchmedyai    Results / 22 

4.2 The stability of implants at the time of implant placement 

 Eight patients with twelve implants placed at partial edentulous area of 

posterior mandible were included in statistical analysis of this study.ISQ values of 

each implant at the time of placement were presented in table 4.2. Range, mean ± SD 

and median ISQ values at the time of implant placement were presented in table 4.3. 

 

Table 4.2  ISQ values of each implant at the time of placement 

Implant No. ISQ values at the time of implant placement 

1 66.25 

2 76.75 

3 59 

4 76.5 

5 74.75 

6 78 

7 78.75 

8 80 

9 72.5 

10 76.5 

11 68 

12 73 

 

 

Table 4.3 Mean±SD, range and median of ISQ values at the time of implant 

placement 

 ISQ values at the time of implant placement 

Mean ± SD 

Median 

Range 

73.33 ± 6.14 

75.63 

59-80 
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4.3  Bone quality, Crestal cortical bone thickness and Buccolingual 

bone thickness  

 Preoperatively, in cross sectional image of CBCT under radiographic 

indicator, crestal cortical bone thickness at the implant sites were measured. Buccal, 

lingual cortical thickness and trabecular thickness were measured at the level of 5 mm. 

below the alveolar crest and each bone area were classified in 4 different bone types: 

Bone quality type 1: buccal and lingual cortical thickness is more than 75% 

of whole bone thickness. 

Bone quality type 2: buccal and lingual cortical thickness is 50-75% of 

whole bone thickness. 

Bone quality type 3: buccal and lingual cortical thickness is 25-50 % of 

whole bone thickness. 

Bone quality type 4: buccal and lingual cortical thickness is less than 25% 

of whole bone thickness. 

 

Table 4.4  Percentage of each bone quality 

Bone quality type Percentage 

I 0 

II 25 

III 75 

IV 0 
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Table 4.5 The thickness of cortical bone, trabecular bone and type of bone at the 

implant sites 

Implant No. Crestal 

cortical 

bone 

thickness 

 

Buccolingual 

cortical bone 

thickness 

At 5 mm. 

below  

the crest 

Buccolingual 

Trabecular 

bone 

Thickness 

At 5 mm. 

below the crest 

Bone 

type 

Buccolingual 

bone thickness 

1. 1.01 2.50 3.67 III 6.17 

2. 1.10 2.72 2.57 II 5.29 

3. 1.36 2.32 2.81 III 5.13 

4. 1.10 2.77 4.01 III 6.78 

5. 2.10 3.21 4.31 III 7.52 

6. 1.19 3.31 5.32 III 8.63 

7. 1.22 3.79 2.32 II 6.11 

8. 2.11 4.68 4.23 II 8.91 

9. 2.94 2.94 6.36 III 9.30 

10. 1.10 2.94 3.65 III 6.59 

11. 0.55 1.92 4.22 III 6.14 

12. 1.29 2.11 4.77 III 6.88 

 

 

Table 4.6 Mean±SD, range and median of crestal cortical bone thickness and 

buccolingual bone thickness 

 Crestal cortical bone 

thickness 

Buccolingual bone 

thickness 

Mean ± SD 

Median 

Range 

1.42 ± 0.65 

1.21 

0.55 - 0.94 

6.95 ± 1.37 

6.69 

5.13 - 9.30 
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4.4 The relationship between crestal cortical bone thickness, 

buccolingual bone thickness and primary implant stability 

No significant correlation was found between crestal cortical bone 

thickness or buccolingual bone thickness and ISQ value at p value 0.05 

 

Table 4.7 Correlation between, crestal cortical bone thickness, buccolingual bone 

thickness and ISQ value  

 
Crestal cortical  

bone thickness 

Buccolingual 

bone thickness 

ISQ value 

correlation coefficient 
0.171 0.473 

ISQ value 

P-value 
P > 0.05 P > 0.05 

 

Note: Kolmorgorov-Smirnov was used to test normality of all variables. Crestal 

cortical bone thickness, buccolingual bone thickness and ISQ values were normally 

distributed. The correlation between buccolingual bone thickness and primary implant 

stability and  correlation between crestal cortical bone thickness and primary stability 

were tested with Pearson's correlation. 
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CHAPTER V 

DISCUSSION 

 

 

 Implant stability can be described as the lack of clinical mobility. It has 

been clinically demonstrated that implant stability plays a significant role in 

determining the treatment outcome. Therefore, being able to objectively measure the 

level of implant stability at various stages of treatment will increase the satisfactory 

treatment oucome.
21 

Histomorphometric analysis was a gold standard method that used 

to quantify degree of osseointegration under light microscope. However, because of 

the invasiveness and cannot use in clinical practice, other various methods have been 

introduced to objectively determine the level of implant stability  such as cutting 

torque resistance during osteotomy preparation or resonance frequency analysis after 

implant placement. Implant stability measured by resonance frequency analysis seems 

to be an objective and non-destructive method. Several studies showed that resonance 

frequency analysis was a reliable tool to assess the stability of implant. A study in 

cadaver by  T. Gedrange et al  showed that the resonance frequency value is related to 

the stiffness of the implant in the surrounding tissues corresponding to histological 

results
51

 Clinical studies also demonstrated that RFA is a highly reliable implant 

stability measurement tool regarding repeatability.
52

 The RFA method can provide 

clinically relevant information about the state of the implant–bone interface at any 

stage of the treatment.However, the obvious benefits obtained from this information 

has been question in clinical situations.Until now, No studies reported clear benefits 

for therapeutic decision from RFA measurement.Studies reported that high RFA 

values are indicative of successful implant treatment. Conversely, low RFA values 

may increase the risk of implant failure.However, the exact minimum of RFA value 

have yet to be identified. 

 The resonance frequency analysis technique may be useful for assessing 

immediate loading implants during the various stages of treatment.According to the 

consensus statements and clinical recommendations for implant loading protocol 
53

  



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Implant Dentistry) / 27 

For immediate or early loading in implant supported single crowns in partially 

edentulous area, a minimum of ISQ value in the range of 60-65 was 

recommended.However, in some situations such as using short or small diameter 

implants, large amount of bone augmentation, conventional loading was 

recommended. A certain ISQ value can be used as an inclusion criterion for immediate 

loading of implants. Lower failure rates of implant  treatment was found when using 

ISQ 60 as an inclusion criterion for immediate loading in totally edentulous maxillae 

and in posterior mandibles.
54

Moreover, the author found that RFA was a useful 

method for deciding when to replace an immediately loaded temporary prosthesis with 

a permanent prosthesis after implant placement.In this study, resonance frequency 

analysis was used to assess implant stability. The latest generation of Osstell device, 

Osstell ISQ was used to measure the primary stability of 12 implants by connected the 

specific smartpeg to the implant screw hole and the RF values were measured four 

times in buccal, lingual, mesial, distal direction for each implant. The results were 

expressed in ISQ values and averaged for each implant by one observer. The factors 

affect RF values include the implant length above marginal bone level, transducer 

orientation and stiffness of implant and its interface. 
21

 All implants used in this study 

were identical (Intralock implant diameter 4.0 length 10 mm.) and were placed in the 

alveolar crest level. Therefore, the different in ISQ values must be related to the 

stiffness of implant and its interface. The mean primary stability of implants in this 

present study were 73.33 ± 6.14. Based on these ISQ values, it can be implied that 

immediate or early loading may be possible. According to the review article, primary 

stability of implant was influenced by bone quality and quantity, implant macrodesign 

and surgical technique. In this study, the implant used and surgical techniques were 

controlled, using the identical implant size and performed surgery by only one surgeon 

according to a standard surgical guideline following the manufacturer’s instructions. 

Therefore, the primary stability of implant in this study was directly depend on only 

bone quality and quantity at the implant sites. 

 The definition “bone quality” is not clearly defined. It is not only bone 

density but includes bone architecture, skeleton size and also bone mineralization.
28

 In 

implant dentistry, the most widely used bone quality classification is introduced by 

Leckholm and Zarb in the year 1985.
12

 They classified bone in 4 different types based 
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on the amount of cortical and trabecular bone pattern in preoperative radiograph and 

surgeon’s tactile sensation during drilling at implant sites. However, it is subjective 

method, therefore  an objective and precise assessment of bone quality was developed 

by Misch
13

, using CT for classified bone density at the implant sites into D1, D2, D3, 

D4 according to Hounsfield unit values, which  correlated with the bone quality 

classification by Leckholm and Zarb. The anterior of mandible presented a highest 

bone density due to a thick layer of cortical bone and also dense trabecular bone while, 

posterior maxilla area shown the lowest bone density because normally, this area 

comprised of thin layer of cortical bone and loose trabeculae bone, so the higher 

failure rate of implant treatment in posterior of maxilla may be the influence of this 

factor. However, because of high radiation exposure from CT, in the field of implant 

dentistry, CBCT was introduced to assess bone density instead. However, in one 

study
36

, found controversial association between bone density values obtained from 

CBCT and CT. Therefore, this  values derived from CBCT to  determine bone density  

may not indicate the actual bone quality.  Therefore, in this study, bone at the implant 

sites were classified into 4 different types modified from the bone quality 

classification by Leckholm and Zarb by using preoperative cross-sectional CBCT 

image , measured cortical bone thickness and trabecular thickness  at 5 mm. below the 

alveolar crest and classified by using the ratio of percentage of cortical bone to whole 

bone thickness in attempt  to present bone quality at implant sites which was more 

objective than Leckholm and Zarb classification.Bone at the implant sites were 

classified as type II and III. Because all the implant sites that were included in this 

study were posterior mandible area, therefore the bone quality at all implant sites were 

identical, presented in bone quality type II and III which correlate with the Leckholm 

and Zarb bone quality classification. Morever, several studies used cortical bone 

thickness at implant sites represented a bone quality and also found a significant 

correlation between cortical bone thickness and implant stability.
22,50

 Therefore, 

cortical bone thickness at alveolar crest of the implant sites were also measured from 

preoperative CBCT. Regarding bone quantity measurement, buccolingual bone 

thickness at 5 mm. below the alveolar crest was considered to represent the quantity of 

the bone at the implant sites. 



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Implant Dentistry) / 29 

 Primary stability is important for successful outcome of implant treatment.  

Therefore, implant stability measurement may reduce the risk of implant failure. The 

high implant stability is an indicative for successful treatment outcome. On the other 

hand, low implant stability may increase the risk of failure.
21

 Moreover, to reduce 

overall treatment time, the concept of immediate loading has been widely accepted. 

Primary stability measurement at the time of implant placement may be used as an 

indicator for immediate loading therefore it is advantageous, if the clinician can 

predict implant stability before implant placement.
22 

The significant correlation 

between bone quality and implant stability parameters indicate that the clinician may 

predict primary stability of implant before implant surgery (from CBCT) and may 

modify the treatment to achieve a good primary stability of implant such as under 

preparation, using osteotome and also change the macrodesign of the implant to wider, 

longer or taper implant.
 
However, This study demonstrated that the implant stability at 

the time of placement was weakly influenced by cortical bone thickness and 

buccolingual bone thickness. (Correlation coefficient = 0.171 and 0.473, respectively) 

In contrast with various studies that found a positive a correlation between cortical 

bone thickness and primary stability.
22,24

 In a previous study
22

, that assessed primary 

implant stability from RFA in 61 implants from 20 patients and found a positive 

correlation  between primary stability and cortical bone thickness obtained from 

preoperative CBCT, patients were sent to take more CBCT image after implant 

placement to measure cortical bone thickness at the implant sites which seems to be an 

accurate position of cortical bone that affect the primary stability of implant but in this 

study the cortical bone thickness was measured preoperatively from CBCT which may 

not be the accurate position of cortical bone that engaged by the implant. However, in 

the clinical situation, CBCT doesn’t have to be taken after the surgery. Moreover, in 

both review articles, the size of all implants used were not controlled to be an identical 

size. Therefore, this macrodesign factor which was considered as a factor that 

influenced the primary stability of implant may affect the outcome of the studies. 

Other limitation of this study was the number of the sample size, to achieve a 

significant correlation, increasing number of sample size may be required. Regarding 

bone quantity, there is lack of studies reported the correlation between  buccolingual 

bone thickness and primary implant stability. However, it is hypothesized that  
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buccolingual bone thickness may affect the primary stability of implant because it may 

affect the compressive force around implant during implant insertion. In this study, 

weak correlation was found between buccolingual bone thickness and primary implant 

stability. The explanation for not finding the correlation may be from all implant 

recipient sites had adequate bone quantity for implant placement without any need of 

grafting procedures. Further research is required to confirm the outcome and should 

compare the primary stability of implant by using RFA with other methods such as 

cutting torque resistance to ensure the primary stability values and regarding bone 

quality, bone density measurement with calibrated CBCT should be assessed in the 

other various  implant sites that had a different bone quality. 
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CHAPTER VI 

CONCLUSION 

 

 

 With the limitations of this study, crestal cortical bone thickness and 

buccolingual bone thickness seem not to influence the primary implant stability. Further 

research is required to confirm the outcome. 

 



Pobploy  Petchmedyai    References / 32 

 

REFERENCES 

 

 

1. PI B. Tissueintegrated Prostheses:  Osseointegration in Clinical Dentistry. 

Quintessence. 1985:11-53. 

2. Attard NJ, Zarb GA. Long-term treatment outcomes in edentulous patients with 

implant-fixed prostheses: the Toronto study. The International journal of 

prosthodontics. Jul-Aug 2004;17(4):417-424. 

3. Attard NJ, Zarb GA. Long-term treatment outcomes in edentulous patients with 

implant overdentures: the Toronto study. The International journal of 

prosthodontics. Jul-Aug 2004;17(4):425-433. 

4. Turkyilmaz I. Clinical and radiological results of patients treated with two loading 

protocols for mandibular overdentures on Branemark implants. Journal of 

clinical periodontology. Mar 2006;33(3):233-238. 

5. Beer A, Gahleitner A, Holm A, Tschabitscher M, Homolka P. Correlation of 

insertion torques with bone mineral density from dental quantitative CT in 

the mandible. Clin Oral Implants Res. Oct 2003;14(5):616-620. 

6. Ekfeldt A, Christiansson U, Eriksson T, et al. A retrospective analysis of factors 

associated with multiple implant failures in maxillae. Clin Oral Implants 

Res. Oct 2001;12(5):462-467. 

7. Turkyilmaz I, Tumer C, Ozbek EN, Tozum TF. Relations between the bone 

density values from computerized tomography, and implant stability 

parameters: a clinical study of 230 regular platform implants. Journal of 

clinical periodontology. Aug 2007;34(8):716-722. 

8. Jemt T, Lekholm U. Implant treatment in edentulous maxillae: a 5-year follow-up 

report on patients with different degrees of jaw resorption. The 

International journal of oral & maxillofacial implants. May-Jun 1995; 

10(3):303-311. 

9. Herrmann I, Lekholm U, Holm S, Kultje C. Evaluation of patient and implant 

characteristics as potential prognostic factors for oral implant failures. The 



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Implant Dentistry) / 33 

 

International journal of oral & maxillofacial implants. Mar-Apr 

2005;20(2):220-230. 

10. Turkyilmaz I, Tozum TF, Tumer C. Bone density assessments of oral implant sites 

using computerized tomography. Journal of oral rehabilitation. Apr 2007; 

34(4):267-272. 

11. Trisi P, Rao W. Bone classification: clinical-histomorphometric comparison. Clin 

Oral Implants Res. Feb 1999;10(1):1-7. 

12. Lekholm UZ, G.A.  . Patient selection and preparation. In: Branemark, P.I., Zarb, 

G.A. & Albrektsson, T., eds. Tissue Integrated Prosthesis: Osseointegration  

in Clinical Dentistry,. 1985. 

13. Misch CE. Rationale for implants, 3. Diagnostic imaging and techniques. In: 

Misch,C.B., ed. Contemporary Implant Dentistry. 2008. 

14. Johansson P SK. Assessment of bone quality from cutting resistance during 

implant surgery. . 1994. 

15. Friberg B, Sennerby L, Roos J, Lekholm U. Identification of bone quality in 

conjunction with insertion of titanium implants. A pilot study in jaw 

autopsy specimens. Clin Oral Implants Res. Dec 1995;6(4):213-219. 

16. Turkyilmaz I, Sennerby L, McGlumphy EA, Tozum TF. Biomechanical aspects of 

primary implant stability: a human cadaver study. Clinical implant 

dentistry and related research. Jun 2009;11(2):113-119. 

17. CE M. Density of bone: Effect on surgical approach, and healing. Contemporary 

Implant Dentistry1999:371-378. 

18. Hatcher DC, Dial C, Mayorga C. Cone beam CT for pre-surgical assessment of 

implant sites. Journal of the California Dental Association. Nov 2003; 

31(11):825-833. 

19. Isoda K, Ayukawa Y, Tsukiyama Y, Sogo M, Matsushita Y, Koyano K. 

Relationship between the bone density estimated by cone-beam computed 

tomography and the primary stability of dental implants. Clin Oral 

Implants Res. Jul 2012;23(7):832-836. 

20. Esposito M, Hirsch JM, Lekholm U, Thomsen P. Biological factors contributing 

to failures of osseointegrated oral implants. (II). Etiopathogenesis. 

European journal of oral sciences. Jun 1998;106(3):721-764. 



Pobploy  Petchmedyai    References / 34 

21. Sennerby L, Meredith N. Implant stability measurements using resonance 

frequency analysis: biological and biomechanical aspects and clinical 

implications. Periodontology 2000. 2008;47:51-66. 

22. Song YD, Jun SH, Kwon JJ. Correlation between bone quality evaluated by cone-

beam computerized tomography and implant primary stability. The 

International journal of oral & maxillofacial implants. Jan-Feb 2009; 

24(1):59-64. 

23. Pauwels R, Nackaerts, O., Bellaiche, N., Stamatakis,H., Tsiklakis, K., Walker, A., 

Bosmans, H.,, Bogaerts R, Jacobs, R. & Horner, K. Variability of dental 

cone beam CT grey values for density estimations 2013. 

24. Miyamoto I, Tsuboi Y, Wada E, Suwa H, Iizuka T. Influence of cortical bone 

thickness and implant length on implant stability at the time of surgery--

clinical, prospective, biomechanical, and imaging study. Bone. Dec 2005; 

37(6):776-780. 

25. Gulsahi A. Bone Quality Assessment for Dental Implants, Implant Dentistry In: 

Turkyilmaz PI, ed. The Most Promising Discipline of Dentistry2011. 

26. Carey JJ, Delaney MF, Love TE, et al. DXA-Generated Z-Scores and T-Scores 

May Differ Substantially and Significantly in Young Adults. Journal of 

Clinical Densitometry. 10// 2007;10(4):351-358. 

27. Misch. Contemporary Implant Dentistry. 2008. 

28. Bergkvist G, Koh KJ, Sahlholm S, Klintstrom E, Lindh C. Bone density at implant 

sites and its relationship to assessment of bone quality and treatment 

outcome. The International journal of oral & maxillofacial implants. Mar-

Apr 2010;25(2):321-328. 

29. Sukovic P. Cone beam computed tomography in craniofacial imaging. 

Orthodontics & craniofacial research. 2003;6 Suppl 1:31-36; discussion 

179-182. 

30. Benavides E RH, Ganz SD, et al. Use of cone beam computed tomography in 

implant dentistry: The International congress of oral implantologists 

consensus report. Implant Dent. 2012. 2012;21(2):78-86. 



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Implant Dentistry) / 35 

 

31. Klemetti E, Kolmakow S. Morphology of the mandibular cortex on panoramic 

radiographs as an indicator of bone quality. Dento maxillo facial 

radiology. Jan 1997;26(1):22-25. 

32. Mah P, Reeves TE, McDavid WD. Deriving Hounsfield units using grey levels in 

cone beam computed tomography. Dentomaxillofacial Radiology. 2010; 

39(6):323-335. 

33. Katsumata A, Hirukawa A, Okumura S, et al. Effects of image artifacts on gray-

value density in limited-volume cone-beam computerized tomography. 

Oral surgery, oral medicine, oral pathology, oral radiology, and 

endodontics. Dec 2007;104(6):829-836. 

34. Nomura Y, Watanabe H, Honda E, Kurabayashi T. Reliability of voxel values 

from cone-beam computed tomography for dental use in evaluating bone 

mineral density. Clinical Oral Implants Research. 2010;21(5):558-562. 

35. Naitoh M, Hirukawa A, Katsumata A, Ariji E. Prospective study to estimate 

mandibular cancellous bone density using large-volume cone-beam 

computed tomography. Clin Oral Implants Res. Dec 2010;21(12):1309-

1313. 

36. Pauwels R, Nackaerts O, Bellaiche N, et al. Variability of dental cone beam CT 

grey values for density estimations. The British Journal of Radiology. 

2013/01/01 2013;86(1021):20120135-20120135. 

37. Aranyarachkul P, Caruso J, Gantes B, et al. Bone Density Assessments of Dental 

Implant Sites: 2. Quantitative Cone-Beam Computerized Tomography. 

International Journal of Oral & Maxillofacial Implants. 05//May/Jun2005 

2005;20(3):416-424. 

38. Elias CN, Rocha FA, Nascimento AL, Coelho PG. Influence of implant shape, 

surface morphology, surgical technique and bone quality on the primary 

stability of dental implants. Journal of the Mechanical Behavior of 

Biomedical Materials. 12// 2012;16(0):169-180. 

39. Branemark PI, Hansson BO, Adell R, et al. Osseointegrated implants in the 

treatment of the edentulous jaw. Experience from a 10-year period. 

Scandinavian journal of plastic and reconstructive surgery. 

Supplementum. 1977;16:1-132. 



Pobploy  Petchmedyai    References / 36 

40. Raghavendra S, Wood MC, Taylor TD. Early Wound Healing Around Endosseous 

Implants: A Review of the Literature. International Journal of Oral & 

Maxillofacial Implants. 05//May/Jun2005 2005;20(3):425-431. 

41. Implant Stability - Measuring Devices  and Randomized Clinical Trial for ISQ  

Value Change Pattern Measured from Two Different Directions by 

Magnetic RFA. In: Turkyilmaz PI, ed. Implant Dentistry-A Rapidly 

Evolving Practice2011:121-128. 

42. Atsumi M, Park S-H, Hom-Lay W. Methods Used to Assess Implant Stability: 

Current Status. International Journal of Oral & Maxillofacial Implants. 

09//Sep/Oct2007 2007;22(5):743-754. 

43. Meredith N. Assessment of Implant Stability as a Prognostic Determinant. 

International Journal of Prosthodontics. 09//Sep/Oct1998 1998;11(5):  

491-501. 

44. Saini GS GM. Objective Assessment of Implants Stability placed in Fresh 

Extraction Socket using Periotest Device. Int J Oral Implantol Clin Res 

2012:67-70. 

45. Moon S-H, Um H-S, Lee J-K, Chang B-S, Lee M-K. The effect of implant shape 

and bone preparation on primary stability. J Periodontal Implant Sci. 10/ 

2010;40(5):239-243. 

46. Shigeto Koyama HS, Masayoshi Yokoyama, Miou Yamamoto, Naoko Sato, 

David Reisberg and Keiichi Sasaki Changes in Bone Metabolisim Around 

Osseointegrated Implants Under Loading, Implant Dentistry In: 

Turkyilmaz PI, ed. The Most Promising Discipline of Dentistry2011. 

47. LL H. Surface reaction kinetics and adsorption of biological moieties:                   

A mechanistic approach to tissue attachment. The Bone – Biomaterial 

Interface1995:33-48. 

48. Strnad J, Urban K, Povysil C, Strnad Z. Secondary Stability Assessment of 

Titanium Implants with an Alkali-Etched Surface: A Resonance Frequency 

Analysis Study in Beagle Dogs. International Journal of Oral & 

Maxillofacial Implants. 06// 2008;23(3):502-512. 



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Implant Dentistry) / 37 

 

49. Hua Y, Nackaerts O, Duyck J, Maes F, Jacobs R. Bone quality assessment based 

on cone beam computed tomography imaging. Clin Oral Implants Res. 

Aug 2009;20(8):767-771. 

50. Miyawaki S, Koyama I, Inoue M, Mishima K, Sugahara T, Takano-Yamamoto T. 

Factors associated with the stability of titanium screws placed in the 

posterior region for orthodontic anchorage. American journal of 

orthodontics and dentofacial orthopedics: official publication of the 

American Association of Orthodontists, its constituent societies, and the 

American Board of Orthodontics. Oct 2003;124(4):373-378. 

51. Gedrange T, Hietschold V, Mai R, Wolf P, Nicklisch M, Harzer W. An evaluation 

of resonance frequency analysis for the determination of the primary 

stability of orthodontic palatal implants. A study in human cadavers. Clin 

Oral Implants Res. Aug 2005;16(4):425-431. 

52. Herrero-Climent M S-GR, Jaramillo-Santos R, Romero-Ruiz, MM F-PA, Lázaro-

Calvo P, Bullón P, Ríos-Santos JV. Assessment of Osstell ISQ’s reliability 

for implant stability measurement: A cross-sectional clinical study. Med 

Oral Patol Oral Cir Bucal. 2013;1(18):877-882. 

53. CE M. Density of bone: Effect on surgical approach, and healing. 1999. 

54. Turkyilmaz I ME. Influence of bone density on implant stability parameters and  

implant success: a retrospective clinical study. BMC Oral Health. 2008. 

 

 

 

 



Pobploy  Petchmedyai    Appendices / 38 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Implant Dentistry) / 39 

 

APPENDIX A 

CASE RECORD FORM 

 

 

 



Pobploy  Petchmedyai    Appendices / 40 

 



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Implant Dentistry) / 41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Pobploy  Petchmedyai    Appendices / 42 

 

APPENDIX B 

PARTICIPANT INFORMATION SHEET 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Implant Dentistry) / 43 

 

 



Pobploy  Petchmedyai    Appendices / 44 

 

APPENDIX C 

INFORMED CONSENT FORM 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Implant Dentistry) / 45 

 

APPENDIX D 

 ETHICAL APPROVAL CERTIFICATE 

 

 

 



Pobploy  Petchmedyai    Biography / 46 

 

BIOGRAPHY 

 

 

NAME Pobploy  Petchmedyai   

DATE OF BIRTH 30 December, 1985 

PLACE OF BIRTH Bangkok, Thailand 

INSTITUTIONS ATTENDED Chulalongkorn University, 2004-2009 

 Doctor of Dental Surgery 

  (1 st Class Honors)  

 Mahidol University, 2013-2015  

  Master of Science in  

  Implant Dentistry 

HOME ADDRESS 16/45 Ratchadaphisek Road, Bangkok,    

  Thailand, 10900  

 Tel.: +668 91170606 

 E-mail: Pbploy_petch@hotmail.com 

 

 

 


	1 cover  final i,iii
	2 abstract iv-v
	3 Conts.         vi-xi
	4 Intro            1-3
	5 Liter            4-14
	6 Method      15-20
	7 Results       21-25
	8 Discus        26-30
	9 Conclude   31
	10 Refer        32-37
	11 Appendix      38-45
	12 Biography     46

