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ABSTRACT 

Background: 

Recently osseodensification has been introduced as a novel approach to management of 

the recipient site. The concept had been described in 2013 by Huwais which has 

revolutionized the way we approach an osteotomy site as we may obtain densification of 

the bone rather than its complete removal. 

Aim: 

We hypothesize that proper manipulation of the recipient site will induce cellular activities 

to accelerate new bone formation. We compared bone formation in a critical defect created 

by the osseodensification method or regular osteotomy under ex-vivo static calvarial 

culture.  

Materials and Methods:  

Under sterile conditions, calvaria from 7-9-day-old neonatal CD-1 mice (n = 15) were 

dissected and trimmed. Densah™ burs were used to create 2.0 mm diameter defects.  

Clockwise rotation of the bur produced "Conventional Osteotomy," whereas counter-

clockwise rotation created "Osseodensification." Five randomly selected calvaria halves 
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for control and test groups were used to evaluate morphological changes, at 7, 14, and 28 

days utilizing the Image J software.  Statistical analyses were performed using SPSS 

software.  

Results: 

Defect closure was significantly greater in the osseodensification group compared to the 

conventional group at post-operative day7 (p = 0.028), day 14 (p = 0.046) and day 28 

(p=0.015). The original defects in both groups were not significantly different.  

Conclusion: 

Results showed that osseodensification lead to faster wound healing. Clinical studies have 

shown that osseodensification leads to better bone density around implants. These 

outcomes suggest that the compressed edge of a bone defect can accelerate the healing 

cascade by increasing cellular activity. 
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CHAPTER 1 

INTRODUCTION 

 

1.1. Cells associated with bone morphology 

The success of periodontal treatment, including dental implants, is highly dependent on the 

biological basis of bone homeostasis. Several highly differentiated cells participate in bone 

metabolism, including osteocytes, osteoclasts, and osteoblasts (Raggatt and Partridge, 

2010). Their cell-cell interactions including receptor-ligand maintain bone stability and 

mediate bone remodeling. 

1.2. Osteoclast 

A prime feature of osteoclast precursors is the expression of RANK (Receptor Activator 

of Nuclear factor-kappa beta), which is the receptor for the RANK ligand (RANKL), on 

the surface of the cell (Raggatt and Partridge, 2010). This receptor-ligand interaction 

(RANK-RANKL) plays a pivotal role in osteoclastogenesis and the development of mature 

osteoclasts (Khosla, 2001). In addition, osteoblast lineage cells (osteoblasts and osteocytes) 

express Osteoprotegerin (OPG) as a secreted decoy receptor blocker against RANKL. It 

binds to pre-osteoclasts via RANK and prohibits differentiation and activation of mature 

osteoclasts. 

1.3 Osteoblast 

The osteoblast, a primary cell for bone formation, accounts for 4-6% of total resident cells 

in the bone (Capulli et al., 2014). Osteoblasts express parathyroid hormone receptors and 

synthesize collagen and non-collagen proteins to aid in the formation of bone matrix 
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(Raggatt and Partridge, 2010). Osteoblasts are derived from embryonic pluripotent stem 

cells that can differentiate into many cell types (Raggatt and Partridge, 2010).  

Osteoblasts mainly produce Receptor Activator of Nuclear Kappa B ligand (RANKL) and 

osteoprotegerin (OPG) as a positive and negative regulator of osteoclast differentiation, 

respectively. Osteoblasts bind to osteoclast precursors via RANKL-RANK interaction to 

activate osteoclast differentiation (Suda T, Takahashi N, Udagawa N, Jimi E, Gillespie 

MT, Martin TJ. Modulation of osteoclast differentiation and function by the new members 

of the tumor necrosis factor receptor and ligand families. Endocr Rev. 1999;20:345–357). 

Secreted OPG from osteoblasts binds to RANKL as a decoy receptor to prevent osteoclasts 

differentiation (Simonet WS, Lacey DL, Dunstan CR, et al. Osteoprotegerin: a novel 

secreted protein involved in the regulation of bone density. Cell. 1997;89:309–319). 

Runx2 (Runt-related transcription factor 2), a transcription factor, also known as Cbfa1 

(core-binding factor subunit alpha-1), is a master regulator for pluripotent stem cells to 

differentiate into osteoblasts and allow proper bone formation (Byers and Garcia, 2004). 

Runx2 is the product of one of three mammalian genes that encode proteins homologous 

to Drosophila Runt. It is necessary for proper embryonic development. It regulates 

mesenchymal condensation, osteoblast differentiation from mesenchymal stem cells, 

chondrocyte hypertrophy, and vascular invasion during skeletal development (Komori et 

al., 1997; Otto et al., 1997). Overexpression of Runx2 obstructs the terminal 

differentiation of osteoblasts and increases bone resorption (Geoffroy et al.,2002 & Liu et 

al.,2001). These data suggest that tightly regulated Runx2 expression is essential for 

osteoblast differentiation from mesenchymal precursors.  
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Bone Morphogenetic Proteins (BMPs) and Wnt pathways are also essential for the early 

stages of osteoblastogenesis (Capulli et al., 2014). 

The functions of osteoblasts include bone matrix synthesis and deposition of organic matrix 

and control of mineralization. Osteoblasts also regulate osteoclastogenesis to ensure 

correct bone mass and the proper balance between bone resorption and formation. Multiple 

mechanisms achieve this phenomenon. Critical among these is paracrine cross-talk 

between osteoblasts and osteoclasts utilizing Macrophage-Colony Stimulating Factor (M-

CSF) (Felix et al., 1990).  

Osteoblasts can have three possible fates. They can undergo apoptosis, become an 

osteocyte trapped within the matrix, or become a bone-lining cell (Capulli et al., 2014). 

The bone-lining cells are flat shaped osteoblast-derived cells that cover the bone surface 

and facilitate interaction between osteoclasts and bone matrix (Capulli et al., 2014). Recent 

studies have demonstrated the importance of Spindle-shaped N-cadherin Osteoblasts 

(SNO) on the endosteal surface of the bone. These cells increase osteoblast numbers by 

expressing regulatory molecules and activating regulatory pathways (Varnum-Finney et 

al., 2000).  

1.4 Osteocyte 

Osteocytes comprise most of the bone cells: They are also the most long lived bone cells 

with a life span that can reach 25 years. The osteocytes are connected by long and branched 

cellular processes that extend into connecting channels called canaliculi (Capulli et al., 

2014). They connect through gap junctions that act as cell-to-cell communication portals. 
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Osteocytes have many functions, one of which is mechanosensing. They detect mechanical 

tension on the bone and translate that into biomechanical signaling (Capulli et al., 2014).  

Another function of the osteocyte is  regulation of osteoclast behavior. Osteocytes can 

undergo apoptosis, which leads to an increase in RANKL that activates bone resorption 

through osteoclast differentiation and aggregation. Elevated levels of RANKL are 

associated with an increased number of osteoclasts (Noble et al., 2003).  

All of these cells (osteoclast, osteoblast, and osteocyte) are vital for successful dental 

treatment. For example, orthodontic tooth movement depends on interactions between 

these cells to control the response to mechanical forces (Bumann & Frazier-Bowers, 2017). 

Previous studies also indicated that orthodontic loading affected osteocyte apoptosis 

(Kassem et al., 2017).  

1.5 Periodontal Ligament 

The periodontal ligament (PDL) plays an interesting and important role in wound healing: 

The PDL attaches the root of a tooth to an alveolar bone (Bosiakov et al., 2015). The PDL 

is made up of collagen fibers and a matrix that has nerve endings and blood vessels 

(Bosiakov et al., 2015). The PDL works not only as an attachment and support but also 

ensures proper bone reactions. This means that effects on the PDL can lead to bone 

reconstruction (Bosiakov et al., 2015). Stretching of the PDL leads to bone resorption while 

compression leads to bone formation (Bourauel et al., 2000). The importance of the PDL 

has led to studies of ways to regenerate it (Han et al., 2014). Multiple approaches have been 

undertaken in which bone marrow derived stem cells are used to as a basis for PDL 
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regeneration (Han et al., 2014). The PDL itself houses PDL stem cells (PDLSCs). They 

are, however, found in very small numbers (Maeda et al., 2013).  

1.6 Embryological and tissue engineering concepts for regenerative medicine 

Advances in embryology and tooth biology have led to advances in tissue engineering 

leading to new dental treatments. Implant-supported prosthetic dental reconstructive 

techniques have been improved. However, there are limitations in function and longevity 

due to alveolar bone loss (Catón et al., 2011). For example, natural teeth have plasticity 

from cementum and biological interaction with the alveolar bone through the PDL, while 

implants lack these functions.  

The bioengineering approach to PDL has addressed this problem as a new treatment 

modality between diseased periodontium with implants or natural teeth (Taba et al., 

2005). Tissue engineering utilizing stem cells is one of the candidates for a new therapy 

for damaged tissue (Xu et al., 2018). Recent studies also have focused on tooth biology 

regarding essential transcription factors, including bone morphogenic protein BMP2 & 4 

and fibroblast growth factor FGF8. These molecules are believed to orchestrate signal 

transduction in tooth development that may lead to new treatment modalities (Neubüser 

et al., 1997; Catón et al., 2011).  

1.7 Osseointegration 

In modern dental implantology, the concept of "osseointegration", initially introduced by 

Professor Per-Ingvar Brånemark, is of paramount importance (Brånemark et al., 1969; 

Alifarag et al., 2018). In the clinic, osseointegration is responsible for permanent anchorage 

of titanium materials (e.g., dental implants and artificial limbs) to the human skeleton. This 
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phenomenon is based on the ability of human bone cells to attach to a metal surface, defined 

as "a direct connection between living bone and a load-carrying endosseous implant at the 

light microscopic level" (Brånemark et al., 2005). 

1.8 Primary stability in dental implant 

Primary stability at the time of the insertion of the implant relies on the physical interaction 

between bone and the implant (Lahens et al., 2016). It is essential to have excellent primary 

stability to avoid any implant micro-movement.  

Secondary stability is related to the speed of bone remodeling and its extent around the 

implant: It is key to implant success and is affected by many factors (Albrektsson et al., 

1981). Adequate bone density at the implant site is vital for implant success (Marquezan 

et al., 2012). This systematic review found a strong positive association between the 

primary stability of the implant and bone mineral density.  

Another critical factor is the surgical technique for implant site preparation (Trisi et al., 

2016a). The geometry of the post-insertion is directly related to implant success. High 

insertion torque (>25 Ncm, up to 176 Ncm) significantly increased bone-to-implant contact 

percentage as assessed by implant micro-mobility (Trisi et al., 2009).  

Friction between the implant and the bone walls improves primary stability (Trisi et al., 

2016a). With increased friction and improved primary stability, osseointegration leads to 

new bone on the implant surface, allowing secondary stability.  

Anatomical factors that can affect osseointegration include sparse bone mineral density 

(BMD), and maxillary alveolar bone in which placed implants have less primary and 

secondary stability (Trisi et al., 2016a).  
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1.9 Osseodensification 

Implant dentistry mainly developed by relying on material science to develop implant body 

materials and surface compositions. However, biocompatible titanium alloy does not 

guarantee osseointegration (Lopez et al., 2017).  

Different techniques for preparation of an implant osteotomy may lead to different bone 

healing outcomes. For example, insufficient bone volume is a common problem in the 

edentulous posterior maxillae. In this case, sinus floor elevation with an osteotome is a 

standard approach allowing placement of longer implants in an ideal axial orientation. This 

technique is termed bone-added osteotome sinus floor elevation (BAOSFE) technique 

(Summers, 1994). However, the osteotome technique is a traumatic procedure; The 

instruments compact and expand the bone by the explosive percussive impact of a surgical 

mallet. 

Recently, a novel concept "osseodensification" increases the quantity and density of bone 

surrounding implants without traumatic impact by creating compacted bone with a 

particular thread designed non-subtractive drilling called Densah bur ™ (Figure 1) 

(Huwais S. Fluted osteotome and surgical method for use. Patent No.: US 9,028,253 B3, 

May 12, 2015).  
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Figure 1. The geometric configuration of osteotomy drills 

These CAD images illustrate geometric configuration of (a) conventional osteotomy bur 

and (b) Densah bur™. Reprinted from Journal of Orthopaedic Research, Volume: 36, 

Issue: 9, Pages: 2516-2523, First published: 14 March 2018, DOI: (10.1002/jor.23893)  

Osseodensification is a novel bio-mechanical site preparation technique that produces low 

plastic deformation leading to preservation of the bone and enhances the host bio-reaction. 

The osseodensification technique is classified as a non-extraction technique due to 

preserving bone by condensing bone. Conventional standard drilling techniques is 

classified as an extraction technique due to removing bone while drilling (Huwais and 

Meyer, 2017). 

In a meta-analysis of different drilling techniques, the osseodensification bur significantly 

reduced alveolar crest loss (Tretto et al., 2018). The bone temperature was higher in the 
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osseodensification compared to the conventional osteotomy group; it was still below the 

27°C threshold for thermal necrosis (Huwais et al., 2017; Tretto et al., 2018).  

The ideal rotational speed of the Densah bur is 800 to 1500 revolution per minute (RPM) 

with sufficient irrigation to prevent bone overheating (Trisi et al., 2016a).  This bur has two 

different functions depending of the direction of rotation counterclockwise utilizes four 

tapered flutes with a negative rake angle to create a layer of compact / dense bone while 

clockwise rotation utilizes a positive rake angle and extracts bone as in conventional 

osteotomy (Lahens et al., 2016). 

When rotated counterclockwise, non-cutting direction in densifying mode, downward 

pressure with adequate external irrigation creates a gentle compression wave inside the 

osteotomy along the fluted structure. This hydrodynamic process generates a densified 

layer through compaction with autogenous bone remnant as an autografting material 

derived from the surrounding bone. This creates a plastically expanded bony ridge (Meyer 

and Huwais et al.,2014; Oliveira et al., 2018). 

This technique condenses bone leading to increased peri-implant bone density which is 

essential for implant success (Trisi et al., 2016a). The drill design increases the initial 

primary stability by densifying bone in the surrounding wall after osteotomy (Jimbo t al., 

2014). 

A sheep ilium study examined the primary stability of endosteal dental implants. The 

osseodensification procedure showed abundant bone remnants surrounding the implant 

surface with a higher insertion torque level. Conventional osteotomy rarely found bone 

remnants. (Lahens et al., 2016). The Osseodensification technique produced higher bone-
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to-implant contact (BIC), regardless of implant macrogeometry. The higher BIC was 

obtained from histomorphometric analysis, and represents stronger implant stability; A 

high BIC level has a higher chance of implant success (Stokholm et al., 2014).  

A recent study indicated that the autogenous bone remnants left by osseodensification 

facilitated the bridge between native bone and implant gap. These acted as nucleating sites 

for osteoblastic bone deposition in the adjacent bone along the implant surface. 

Conventional osteotomy did not show this phenomenon. The compacted bone remnant by 

osseodensification facilitates the bridging of new bone between the native bone (as a 

recipient) and implant (as a donor) during osseointegration (Alifarag et al., 2018). This 

observation may explain why osseodensification improves the secondary stability of 

implants. 

We strongly agree with the following statements: As osseodensification is a newer 

technique, there is less clinical evidence to support it; nevertheless, early animal studies 

show promise for increasing dental implants' success (Tretto et al., 2018). 

1.10 Hypotheses and Aims 

We hypothesized that proper manipulation of the recipient site induces cellular activities 

to accelerate new bone formation. In this study, we investigated bone formation within the 

surgically created critical defect by the osseodensification method compared with regular 

osteotomy under ex-vivo calvaria static organ culture conditions.    
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CHAPTER 2 

MATERIALS AND METHODS 

2.1 Mice Calvaria 

Boston University Institutional Animal Care and Use Committee (IACUC) approved the 

following experiment (AN-14946: Studies of factors that affect bone remodeling in ex-

vivo neonatal mouse calvarial bone organ cultures). A total of 15 Calvaria dissected from 

7-9 days old neonatal CD-1 mice (Charles River Laboratories, MA) under sterile conditions 

were trimmed and cut in half through the midsagittal suture halving the occipital lobe and 

between the two frontal lobes (Figure 2-3). Calvaria then was rinsed with culture medium 

before each half being placed in individual wells of six-well plates (Sigma Aldrich) over a 

stainless-steel mesh with 2.0 ml of culture medium.  The tissue was incubated at 37°C and 

5% CO2. 
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Figure 2. Harvesting Calvaria 

15 neonatal mice were euthanized and soft tissue removed prior to harvesting calvaria 

under sterile conditions.  
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Figure 3. Calvarial Dissection into Right and Left Halves 

Harvested Calvaria were then dissected along the sagittal suture into right and left halves. 

 

2.2 Ex-Vivo Organ Culture 

The harvested calvaria was cultured with an osteoblast activating medium. The calvaria 

organ culture medium was Dulbecco’s Modified Eagle Medium (DMEM, Sigma-Aldrich) 

supplemented with 1% Penicillin-streptomycin solution, 5% (5mg/ml) Bovine Serum 

Albumin (BSA), and (150µg/ml) ascorbic acid (Sigma-Aldrich) instead of Fetal Calf 

Serum. The media was exchanged every other day. 

Our previous study had determined that the lack of fetal calf serum (FCS) allowed for 

precise observation of the effect of the added factors: The osteoblast directed bone 
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formation or osteoclast directed bone resorption (Bone Research Protocols Third Edition; 

Aymen I. Idris Editor, Chapter 11: Ex vivo Models of Cancer-Bone Cell Interaction, p221-

224). The additional supplement of ascorbic acid induces the bone formation phase that 

primes osteoblast to synthesize collagen. 

2.3 Surgical Defect 

A critical size defect is defined as a defect that does not heal spontaneously without a 

scaffold. A previous study showed that a 2mm diameter defect was a crucial size in 

neonatal mice (Wu X, Downes S, Watts DC. Evaluation of critical size defects of mouse 

calvarial bone: An organ culture study. Microsc Res Tech. 2010;73(5):540-547). We 

created a 2mm diameter defect in each calvaria half by a low-speed handpiece. 

We surgically created a 0.5mm pin-hole in the center of the right side of the parietal bone 

as a guide for the osteotomy.  

2 mm diameter Densah burs with a low speed rotation at 500 revolutions per minute (RPM) 

created approximately 2 mm diameter of critical defect.  

The left half underwent conventional osteotomy by a clockwise direction in order to create 

a non-compressed bone-edge as a control group. In contrast, the right half of each calvaria 

underwent osseodensification in a counter-clockwise direction in order to create a 

compressed bone-edge as a test group (Figures 3 & 4). 

After the osteotomy, each calvaria was stationed on the triangular stainless grid that 

provides organs as a floating condition in the 6-well culture plate with 2ml of the bone 

formation medium described above (Figure 5). The endocranial/concave side bathes in 

the media, and the exocranial surface is partially exposed above the medium (Trowell, 
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1954). Five calvaria halves were cultured in each 6-well plate, and the remaining well 

contained only medium as an indicator of contamination as well as a control for the 

biological evaluation. Tissues were incubated at 37°C with 5% CO2 and medium 

exchanged every two days. Spent medium were transferred to individual tubes and snap-

frozen and stored at -80°C to determine alkaline phosphatase (ALP) activity. Five control 

and test calvaria were harvested after 7, 14 or 28 days and fixed with 2 ml of 4% 

formaldehyde in glass sample tubes at 4°C for 48 hours and kept in 70% ethanol at 4°C 

for histological analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Osteotomy on the calvaria by the Densah™ bur  

The osteotomy was performed utilizing a 2mm diameter of the Densah™ bur with 500 

rotation speed per minute under sterile conditions. 
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Figure 5: Calvaria on Top of a Triangular Stainless-Steel Metal Grid in Each Well 

Five calvaria halves were cultured in each 6-well plate. The remaining well contained 

medium only as an indicator of medium contamination. The calvaria were incubated at 

37°C with 5% CO2 and medium was changed every two days.  

2.4 Sample Collection 

It was challenging to evaluate microscopic image analysis during the organ culture due to 

the unclear view with the metal mesh as an obstruction. The edge of the calvaria could not 

detach because of physical attachment to the stainless-steel mesh. Thus, samples were fixed 

in formalin and detached from the mesh before microscopy image analysis at post-

operative day 7, 14 and 28 as shown on the Table 1.  
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Group Name Culture 

Duration 

Right Halves: 

Osseodensification 

Left Halves: 

Conventional 

Osteotomy 

Group A 7 days culture N=5 N=5 

Group B 14 days culture N=5 N=5 

Group C 28 days culture N=5 N=5 

 

Table 1. Experimental Group 

Three different groups: cultured for 7, 14, or 28 days were designated as Group A, B, and 

C, respectively. 

2.5 Morphological Analysis 

We then assessed the morphological change of calvaria defect by microscopy image 

analysis on day 7, day 14, and day 28, as an early post-operative phase (group A), 

intermediate phase (group B), and late phase (group C), respectively (Table 1). We took 

microscopic photos utilizing the 2 mm grid plate superimposing, each photo was converted 

into Image J to evaluate the defect closure, by tracing the outline of the original defect and 

current defect size, and generated graphs by Microsoft Excel and following statistical 

analyses. 

2.6 Biological Analysis 

Alkaline phosphatase (ALP) is an enzyme secreted by osteoblasts and used as a marker for 

bone metabolism. A high level of ALP activity, as a byproduct of osteoblast activity, 

provides essential information into the fundamental mechanisms of hard tissue formation 

(Golub et al., 2007Golub et al., 2007). ALP enzyme secretion was measured following the 

protocol of the TRACP & ALP Assay Kit (Cat #MK301, Takara Bio Inc.). 
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2.7 Statistical Analysis 

In this study, SPSS25 software was used for statistical data analysis, including descriptive 

statistical analysis of all three groups. The Shapiro-Wilk test was used to assess the 

normality of continuous variables, and calculated means of both the control group 

(Conventional osteotomy) and the test group (densified osteotomy) with standard 

deviations. The student t-test assessed statistically significant differences between two 

groups with the two-tailed p-value of < 0.05 as statistically significant. Trends were 

calculated using SPSS to check for changes across time intervals. Figures were generated 

using Microsoft Excel. We also assessed the association between time intervals among 

the control and the test group for statistical significance using a student t-test.  
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CHAPTER 3 

 

RESULTS 

 

3.1 Aim: Osseodensification induced morphological change by increased cellular 

migration and proliferation 

3.1.1 Microscopic image collection 

The photomicrographic analyses are illustrated in Figures 6 and 7.  Each calvaria was 

fixed with 4% formaldehyde for 48 hours and stored in 70% EtOH at 4°C as described in 

the materials and methods. 

 

Figure 6 shows the morphological changes of defect closure from postoperative day 7 to 

28 as the “control group” with conventional osteotomy mode. There was minimal cellular 

migration or proliferation toward the defect area from the bone side. 
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Figure 6. Microscopic Image Analysis of the Control Group Defect over time (Left 

Halves of Calvaria, Conventional Osteotomy)  

 

A. Each row shows images from calvaria harvested and photographed at day 7, 14, 

and 28 respectively.  There was minimal decrease in the size of the defect from day 

7 to day 28.   

B. These qualitative images were taken to visually inspect the progression of the defect 

closure over the study duration. Visual tracing using Image J was used to create 

quantitative data from these images.  
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Figure 7 shows morphological changes of defect closure from postoperative day 7 to 28 

as the “test group” with compressed osteotomy (osteocondensification mode) from the 

Densah™ bur. The cellular migration or proliferation increased toward the defect area from 

the edge of the defect. 

 

Figure 7. Microscopic Image Analysis of the Osseodensification Group Defect Closure 

over time (Right Halves of Calvaria)  

 

A. Test Group: Each row shows defect size in calvaria harvested and photographed at day 

7, 14, and 28.   

B. These qualitative images were taken to visually inspect the progression of the defect 

size over the study duration. Visual tracing using Image J was used to create quantitative 

data from these images.    
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3.1.2 Statistical Analysis of Defect Size 

The statistical analysis of defect size created by Image J software on a standardized scale 

(0.25mm) is shown in Figures 6 & 7. This image analysis allows evaluation of the 

progression of defect closure quantitatively over the study duration (Table 2-10). 

Each table represents the morphological change by the “original defect size” (mm2) at the 

day of the osteotomy (day 0), “current defect size” (mm2) at the indicated post-operative 

days (Table 2-10). The current defect size was subtracted from the original defect size to 

determine “defect closure size” (mm2). The mean value, the standard deviation of the mean, 

and the standard error of the mean are shown for each category (n=5). 

Table 2 compared “original defect size” between the control group and the test group. 

According to the Shapiro-Wilk W test, the control group showed normal distribution. 

However, the test group showed non-normal distribution. The Mann-Whitney U test, also 

called a Wilcoxon test, was used for statistical analysis between groups. There were no 

significant differences between groups (n=15, two-tailed probability = 0.1249). 
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Table 2. Original Defect Size  

There was no significant difference of original defects between groups.  

 

Table 3 shows the early phase of morphological change in Group A after seven days 

culture. Both groups showed normal distribution in each parameter as “current defect” and 

“defect closure”.  

The osseodensification mode (test group), had significantly reduced “current defect size” 

at day 7 (0.883 ± 0.283 mm2) compared to the conventional osteotomy mode (control 

group, 1.361 ± 0.163 mm2), as shown by the Student t-test with a two-tailed probability 

value of 0.016.  

However, the mean value of the “defect closure size” in the test group (0.249 ± 0.155 mm2) 

was not significantly different from the control group (0.107 ± 0.085 mm2), with a two-

tailed probability value of 0.123 by Student t-test. 
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The mean value of the “original defect size” in the test group (1.132 ± 0.266 mm2) was 

significantly smaller than the control group (1.469 ± 0.145 mm2), with a two-tailed 

probability value of 0.046 by Student t-test.  

 

Table 3. The early phase of morphological change in Group A after 7 days culture  

Table 3 summarizes the defect sizes for slides of Group A fixed at day 7. The test group 

(Osseodensification) had greater defect closure (0.249 ± 0.155 mm2) than the control group 

(conventional osteotomy, 0.107 ± 0.085 mm2).  

 

Table 4 shows the morphological change in Group B after fourteen days culture. As same 

as Group A, both groups showed the normal distribution in each parameter as “current 

defect” and “defect closure”.  

The Student t-test seems an osseodensification mode (test group) has slightly reduced 

defect size (current defect 0.966 ± 0.381 mm2) than the conventional osteotomy mode 

(control group, 1.491 ± 0.375 mm2) with a one-tailed probability value of 0.0298 by 

Student t-test (two-tailed p value = 0.0596).  
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There was no significant difference (a two-tailed P=0.3273 by Student t-test) in the “defect 

closure size” between the test and control group, 0.622 ± 0.817 mm2 and 0.213 ± 0.087 

mm2, respectively. 

No significant differences (a two-tailed P=0.7927 by Student t-test) were observed in the 

“original defect size” between the test and control group, 1.588 ± 0.831 mm2 and 1.704 ± 

0.458 mm2, respectively. 

 

Table 4. The mid phase of morphological change in Group B as 14 days culture   

Table 4 summarizes the defect sizes for Group B fixed at day 14.  

 

In Table 5-7, we demonstrated the three phases (early, intermediate, and late phase) of 

morphological change from Group C samples cultured for 28 days.  

 

Table 5 shows the early phase of morphological change after seven days culture. The test 

group (osseodensification mode) has significantly different defect closure size (0.501 ± 

0.267 mm2) compared to control group (conventional osteotomy mode, 0.090 ± 0.034 

mm2) with a two-tailed p value of 0.0256 similar to Group A. There were no significant 
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differences in the “original defect size” between the test and control group, 1.331 ± 0.203 

mm2 and 1.217 ± 0.371 mm2, respectively (a two-tailed P = 0.5684 by Student t-test).  

 

 

 

Table 5. The early phase of morphological change in Group C after 7 days culture 

The following throughout the study to assess for changes in these variables at different 

time intervals in Group C. The original defect was slightly bigger in the test group. 

However, the defect closure in the test group (0.501 ± 0.267 mm2) was significantly greater 

than the control group (0.090 ± 0.034 mm2). 

Table 6 shows the intermediate phase of morphological change after fourteen days culture. 

The defect closure in the test group (0.628 ± 0.254 mm2) was significantly greater than the 

control group (0.107 ± 0.090 mm2) with two-tailed probability value 0.0076 by Student t-

test.  
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Table 6. The intermediate phase of morphological change in Group C as 14 days 

culture 

 

Table 7 demonstrates the late phase of morphological change after twenty-eight days 

culture. The defect closure in the test group (0.661 ± 0.332 mm2) has also significantly 

greater than the control group (0.112 ± 0.114 mm2) with two-tailed probability value 

0.0177 by Student t-test.   

 

Table 7. The late phase of morphological change in Group C as 14 days culture 
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Figure 8 illustrated the time-dependent defect closure compared with the conventional 

osteotomy control group, and the osseodensification as the test group. The original 

surgical defect size at day 0 in the test group (1.331 ± 0.203 mm2) was not significantly 

different compared to the control group (1.217 ± 0.371 mm2), The defect size was 

significantly decreased in the test group compared to the control group at day 14 and 28, 

as p-value 0.044 and 0.046 by student-t test, respectively.

 

Figure 8. Timeline of current defect size in Group C comparing test group with 

control group 

 



 

29 
 

 

The graph shows the current defect size change throughout the study in Group C. The 

current defect was measured from visual tracing made by Image J on each slide to gain 

quantitative information. The current defect actually starts at a higher point for the Densah 

group due to the slightly bigger original defect in the test group. However, the current 

defect of the test group is significantly smaller and the defect has substantially more closure 

than the control group at day 14 and 28. *, p<0.05, *, p<0.05, one-way ANOVA and 

Turkey-Kramer HSD test, compared to control at each time-point. 

 

Figure 9 illustrates the defect closure size, which calculated by subtracting the defect size 

at indicated time points (day 7, 14, 28) from the previous time point; e.g., subtracted the 

defect size at day seven from the defect size at day 0. Table 8 also showed the statistical 

analysis of the defect closure size comparison between the test group and the control group. 

The test (osseodensification by Densah™ bur) group significantly improved healing, with 

greater defect closure caused by cellular migration and/or proliferation.  
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Figure 9. Cumulative defect closure in a time-dependent manner 

The defect closure is measured as the remaining defect at each point in time subtracted 

from the original defect at the beginning of the study. In this timeline, the test group 

achieves significantly faster defect closure than the control group. *, p<0.05, one-way 

ANOVA and Turkey-Kramer HSD test, compared to control at each time-point. 

We also analyzed defect closure size during the indicated period at Day 0-7, Day 7-14, and 

Day 14-28, as the early post-operative phase, the intermediate phase, and the late phase, 

respectively (Figure 10). Overall, the test group dramatically closed the surgical defect in 

the early post-operative phase and gradually reduced the closing ratio in the following 
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phases. In contrast, the control group did not accelerate in the early phase and persisted as 

low closing ratio than the test group.  

 

 

Figure 10. Defect closure during the indicated period 

The graph indicates defect closure during the indicated period. Each defect closure (mm2) 

is calculated by subtracting the defect closure of different points. The biggest change of 

defect closure was from day 0 to day 7 (early phase) in the test group. This is also evident 

in the other figures throughout this project. The test group seems to achieve high defect 

closure at the beginning of the study. In contrast, the control group has a slower rise in 

defect closure. The rise in defect closure in the conventional group is more of a trend 

without any significant landmark increases throughout the study. *, p<0.05, Student t-test 

compared to control at each time-point. 
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Table 8 shows the defect closure size during indicated periods (day 0-7, day 7-14, and day 

14-28). In the early post-operative phase (day 0-7), the test group indicated the defect was 

significantly covered by cells that migrate and/or proliferate than the intermediate (day 7-

14) and late phase (day 14-28). For example, in the early phase (day 0-7) of the test group 

significantly closed the surgical defect compared to the intermediate phase (day 7-14, 

P=0.0110) and late phase (day 14-28, P=0.0024 by one-way ANOVA and Turkey-Kramer 

HSD test.  However, there was no significant differences in the control group.  



 

33 
 

 

 

Table 8. Defect Closure in the indicated period 

*, p<0.05 one-way ANOVA and Turkey-Kramer HSD test  
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CHAPTER 4 

DISCUSSION 

 

4.1 Role of Osseodensification  

Osseodensification is a new surgical concept for biomechanical recipient site preparation 

for dental implant placement developed by Huwais (Huwais S. Enhancing implant stability 

with osseodensification: A two year follow up. Implant Pract 2015; 8: 28-34). The low 

plastic deformation of bone created by rolling and sliding contact using a densifying bur, 

called Densah™ bur, is the basics for this procedure. The low plastic deformation can 

maintain sufficient bone quantity and quality (density) in the implant recipient site. Thus, 

this approach leads to faster wound healing as the cells surrounding the defect can activate 

the healing cascade more quickly. 

A standard osteotomy drill excavates bone and the osteotomes tend to result in trabecular 

fractures. This problem will lead to long remodeling time and postpone development of 

secondary stability of the implant. The Densah™ bur improves bone preservation and 

condensation by compression of the bone without fracture. This mechanical advantage 

increased the bone density at the cutting-edge and improved the mechanical stability of 

implants (Huwais S, Meyer E. Osseodensification: A novel approach in implant osteotomy 

preparation to increase primary stability, bone mineral density and bone to implant contact. 

Int J Oral Maxillofac Implants 2016; 32: 27-36).  

Bone remodeling after conventional osteotomy requires approximately 3 months to 

reconstruct the damaged area by letting the strain reach or go beyond the threshold of micro 

damaged bone (Frost HM. A brief review for orthopedic surgeons: Fatigue damage 
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(microdamage) in bone (its determinants and clinical implications). J Orthop Sci 1998; 3: 

272-81). These descriptions suggested that osseodensification will help preserve bone mass 

and increase density to shorten the healing period. 

A previous study on femoral neck fractures established that stabilizing bones is extremely 

important for bone recovery (Samsami et al., 2015). Multiple explanations are available as 

to why static conditions improve bone healing, especially in the initial healing stage. Under 

static conditions, bone cells have a stable environment in which to proliferate and migrate 

to heal the defect. A static condition also results in less of a weight-bearing burden due to 

gravity or stress (Vetsch et al., 2016).  

We created a stabilized bone remodeling condition with static organ culture status (Liedert 

et al., 2005). Wound healing starts with the proliferation phase in which angiogenesis and 

fibroplasia occur (Greaves et al., 2013). These with re-epithelization go to form the 

extracellular matrix and granulation tissue. Complex transcription factors play a role in this 

process. TGF-β has been singled out for its importance in wound healing. It stimulates 

collagen synthesis. However, increased levels of this factor were shown to delay wound 

healing (Kasuya and Tokura, 2014).  

4.2 Osseoinduction 

Osteoinduction is the process of osteogenesis, which is important in bone healing 

(Albrektsson and Johansson, 2001). The primitive undifferentiated pluripotent cells are 

stimulated to differentiate into bone-forming cells. These undifferentiated cells serve an 

essential role in bone healing. An inductive agent pushes these undifferentiated cells into 

proliferating and becoming bone cells (Albrektsson and Johansson, 2001). Local chemical 
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signals and messengers play essential roles in initiating this process as well. Osteoinduction 

is responsible for the majority of bone growth after injury. Hence, it could be the element 

that is most influenced by osseodensification.  

4.3 Osseocondution 

Osteoconduction is the process by which bone grows on a surface. The osteoconductive 

surface permits bone growth on top of it and into its pores. This process which helps the 

bone either grow on a static grid-like mesh or an implant surface is highly dependent on 

pre-existing osteoblasts. Bone growth factors, such as IGF-1, fibroblast growth factor 

(FGF), TGF-B and platelet-derived growth factor (PDGF) are signaling proteins that help 

in osteoconduction. These factors listed also have angiogenic properties, meaning they 

augment the growth of blood vessels (Albrektsson and Johansson, 2001).  

4.4 Angiogenesis in bone healing process 

Angiogenesis is a critical process for wound healing. It depends on the interplay between 

complex signaling molecules and messengers. Adhesion molecules, proteinases, cytokines, 

and chemokines, as well as growth factors all, play an integrated role in advancing this 

process (Greaves et al., 2013).  

There have been many attempts to improve wound healing. With the recent discovery of 

the importance of signaling molecules and messengers, efforts to manipulate them have 

increased (Kasuya and Tokura, 2014). Inflammation is an essential process for optimal 

wound healing. Excess inflammation may delay the wound healing process because of 

prolonged edema and pro-inflammatory cytokines that are harmful to wound healing. We 
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believe that the effort to accelerate and improve wound healing will prove vital for implant 

success.  

4.5 Tissue Engineering Concept 

New treatment modalities to improve bone healing are also in development. Tissue 

engineering can be combined with osseodensification for example to utilize the body’s 

healing mechanism (Suárez-González et al., 2014). Growth factors, such as vascular 

endothelial growth factor (VEGF) and beta-tricalcium phosphate (β-TCP), are part of the 

new approach to improve bone healing.  

4.6 Implant Stability 

Implant stability and osseointegration are of paramount importance when it comes to 

implant success (Coelho and Jimbo, 2014). Only a small number of studies have examined 

the effect of osseodensification on bone healing.  This study assessed the effect and speed 

of mouse calvaria bone healing within a surgical defect. While the calvaria of mice does 

not have the typical low bone density that benefits most from the osseodensification our 

results still show statistical differences (Huwais and Meyer, 2017; Oliveira et al., 2018).  

In comparison to the conventional method, osseodensification showed statistically 

significant faster bone healing that was. This result is in line with the literature showing 

that the osseodensification technique improves bone recovery (Coelho et al., 2013). 

Osseodensification improves bone recovery in part because of improved osseointegration 

(Huwais and Meyer, 2017).  
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4.7 Osseodensification induced cellular activity 

Our results showed that bone growth started much earlier after an osseodensification 

induced effect in comparison to the conventional method. This phenomenon may be 

explained because the osseodensification technique creates osteotomes that preserve the 

bone cells at the site instead of creating a complete empty defect (Galli et al., 2015). The 

cells present at the osteotome site can start the healing cascade faster. This could explain 

why bone regeneration started at a much earlier time interval in the osseodensification 

group than the conventional group.  

Osseodensification preserves the bone architecture around the defect by creating 

osteotomes. This approach was shown to increase bone density in the peri-implant area 

(Pai et al., 2018). Our results suggest that the faster healing achieved with the 

osseodensification bur could result in better healing in the peri-implant site.  

Furthermore, Group C, the group that was followed up over different stages in the 

experiment offers valuable information regarding the trajectory of defect closure over time. 

As demonstrated in the result section the defect closure in the conventional group starts to 

pick up after day 7. However, it still trails the defect closure of the osseodensification 

group. Our hypothesis was the osteotomes created by the osseodensification technique lead 

to not just faster bone growth start but more regeneration over time (Alifarag et al., 2018; 

Summers, 1994). This was also supported that by the percent defect size, a measurement 

obtained from calculating the defect size change over time. Comparison of this 

measurement between the conventional and the osseodensification group showed a much 

more significant change in percent defect size.  
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Research in bone biology and healing has shown that different bone cells interact together 

to initiate bone resorption and growth (Capulli et al., 2014). Preservation of these bone 

cells and compaction could also lead to better gap junction communication between the 

cells to jump-start the healing process in the defect (Han et al., 2011).  

The added benefit of faster better bone regeneration could be of particular value in sites 

with a low bone density such as the upper human jaw (Marquezan et al., 2012). The 

Osseodensification method leads to a higher bone volume and density at the site (Trisi et 

al., 2016b). These findings, combined with the results of this study showing faster bone 

regeneration at the site when the osseodensification technique is utilized further solidify 

the benefit of this technique for areas with sparse bone density.  

4.8 Future approach 

In the future, a more focused approach to osseodensification in research could be 

beneficial. Only a small number of studies have been done on this technique as it is a new 

development. Recent research has shown that different drilling techniques could lead to 

different healing outcomes which is why this process was initially developed.  

The in-vivo experiment will provide us thorough understanding regarding this new 

technique.  This study has shown that osseodensification induced bone healing by cellular 

migration and proliferation under the ex-vivo conditions. However, more extensive 

research on patients would be very informative. More exposure and training in this 

technique could lead to more utilization in cases where it is highly indicated such as in 

areas with sparse bone density where osseodensification has shown to be superior to other 

techniques in many studies.  
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A follow-up study on our project could be done with a bigger sample size. A more thorough 

follow up timeline could uncover where osseodensification is most beneficial. According 

to our study, osseodensification leads to better bone recovery in the very early phase. We 

expect future research will evaluate the mechanism of osseointegration regarding the dental 

implant success rate that will benefit patients who needs implant placement. 
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CHAPTER 5 

 

CONCLUSION 

 

Osseodensification is a rising surgical technique that has been recently developed to 

improve both primary and secondary implant stability leading to improved dental implant 

success. Our results suggested that the osseodensification method induced cellular 

migration and proliferation toward the defect area in comparison to conventional drilling 

techniques. This phenomenon may indicate the induction of the essential host response for 

the wound healing process. 

Many reasons could account for this change. The previous study has shown that 

osseodensification leads to better bone density in the peri-implant site with more intact or 

activated cells around the bone defect that could lead to faster activation of the healing 

cascade. Furthermore, these cells may release more essential healing mediators such as 

angiogenic and growth factors.  

We believe that future studies to target patients utilizing the osseodensification drills to 

assess both primary and secondary implant stabilities and wound healing could more 

reliably showcase the importance of this novel drilling technique.  
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