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RESUMO  
 
A reabilitação oral com implantes endósseos é uma opção de tratamento eficaz 

e segura, que está associada a elevadas taxas de sucesso. A estabilidade do 

implante é um fator crítico para o sucesso clínico da reabilitação e divide-se em 

estabilidade primária (fixação mecânica obtida após a inserção no osso, 

mantendo o implante imóvel), e estabilidade secundária (fixação biológica que 

ocorre devido à formação de novo osso durante a cicatrização, resultando na 

osteointegração). De acordo com a literatura, a micromovimentação do implante 

que exceda 50 a 150 μm durante o período de cicatrização pode levar à 

interposição de tecido fibroso na interface osso-implante e consequente falha no 

processo de osteointegração. Deste modo e segundo vários autores, valores 

mais elevados de estabilidade primária estão associados a uma maior 

probabilidade da osteointegração ser bem-sucedida. Além disso, há diversos 

parâmetros que deverão ser tidos em conta durante a preparação do leito 

implantar, que deverá ser o mais atraumática possível de modo a manter a 

viabilidade celular. A preservação da estrutura óssea e da matriz de colagénio, 

juntamente com o aumento da estabilidade primária, demonstraram igualmente 

ter potencial para acelerar o processo de cicatrização pós-cirurgia. 

Em 2015, surgiu um conceito inovador de preparação do leito implantar - 

osseodensificação (OD) - uma técnica de perfuração não subtrativa que, através 

do uso de brocas especificamente desenhadas para girar no sentido anti-horário, 

preserva a matriz óssea, contrariamente ao protocolo convencional. Neste modo, 

as brocas não têm capacidade de corte e a perfuração ocorre de uma forma 

gradual e incremental, preservando o colagénio e aumentando a densidade do 

osso através da sua compactação ao longo das paredes do leito. Vários autores 

relatam ainda que esta técnica pode ajudar a obter valores superiores de 

estabilidade primária e de torque de inserção dos implantes, especialmente em 

osso pouco denso. No entanto, se forem utilizadas no sentido horário, estas 

brocas cortam osso como qualquer outro sistema, tendo por isso uma dupla 

ação.  

Uma vez que “empurra” o osso em vez de o remover, a OD tem um enorme 

potencial na área da implantologia em diferentes indicações, nomeadamente na 

expansão de cristas ósseas, colocação pós-extracional de implantes ou 
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elevação do seio maxilar (ESM) por abordagem crestal com alta previsibilidade 

e reduzida morbilidade, comparativamente com as técnicas alternativas. O 

principal objetivo deste projeto de doutoramento foi contribuir para aprofundar 

conhecimento relativamente à técnica de OD, e validar a sua versatilidade e 

aplicação em diferentes situações clínicas. Nesse sentido, começámos por 

realizar uma revisão sistemática e meta-análise, com o objetivo de avaliar a 

estabilidade implantar após preparação do leito com OD em comparação com o 

protocolo convencional de osteotomia. Este estudo de revisão foi o primeiro a 

analisar exclusivamente dados de humanos e demonstrou que a OD obteve 

consistentemente valores superiores de estabilidade primária e secundária (4-6 

meses após a colocação dos implantes), comparativamente com a técnica 

convencional de osteotomia (Capítulo 3).  Entretanto, tivemos a oportunidade 

de participar num estudo clínico retrospetivo internacional multicêntrico, com 

colegas de cinco nacionalidades, que permitiu confirmar a capacidade da OD na 

expansão do septo interradicular para a colocação pós-extracional de implantes 

em molares. Além disso, este estudo permitiu ainda a introdução de uma nova 

classificação de alvéolos de molares, que pode ser utilizada pela comunidade 

científica e facilitar a comunicação entre pares (Capítulo 4). Por fim, 

relativamente à ESM, de acordo com estudos já publicados, a OD parece ter, de 

facto, um enorme potencial. No entanto, existe ainda alguma escassez de 

estudos científicos com metodologia adequada que efetivamente permitam 

considerar a técnica de OD como uma alternativa válida à técnica clássica de 

janela lateral, sobretudo em casos muito reabsorvidos em que esta continua a 

ser considerada gold-standard. Assim sendo, decidimos realizar um ensaio 

clínico randomizado com o objetivo de comparar a eficácia e o impacto da ESM 

com OD versus a técnica clássica de janela lateral na qualidade de vida dos 

pacientes, ambas com colocação simultânea de implantes em casos com altura 

óssea residual inferior a 4 mm. Os resultados demonstraram que, apesar de 

ambas as técnicas terem sido igualmente eficazes, a OD superou 

significativamente a técnica de janela lateral em termos de experiência de dor, 

impacto na autopercepção de qualidade de vida, duração da cirurgia, edema 

pós-operatório e medicação analgésica (Capítulo 5). 
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Em conclusão, a OD veio mudar o paradigma na área da implantologia a nível 

da preparação do leito implantar. Esta tese confirma o seu potencial clínico e 

demonstra a sua versatilidade em diferentes situações, desde a otimização do 

leito implantar por si só, até à expansão óssea ou elevação do seio maxilar por 

abordagem crestal. Além disso, os resultados permitem encarar a OD como uma 

alternativa real e válida à técnica clássica de janela lateral em casos limite com 

muito pouca disponibilidade óssea, com uma melhoria significativa em termos da 

experiência do paciente. 

 

Palavras-Chave: Osseodensificação, Preparação do leito implantar, 

Osteotomia, Expansão, Osso, Elevação do seio maxilar, Implantes imediatos  
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ABSTRACT 
 
Oral rehabilitation with endosseous implants is a safe and effective treatment 

option which is associated with high success rates. Implant stability is a critical 

factor for the clinical success of rehabilitation and includes primary stability 

(mechanical engagement obtained upon insertion into the bone, holding the 

implant in place), and secondary stability (biological fixation that occurs due to 

the new bone formation during healing, resulting in osseointegration). 

It has been shown in the literature that implant micromotion exceeding 50 to 150 

μm during healing period can lead to fibrous tissue interposition at the bone-

implant interface and consequent failure in the osseointegration process. 

Therefore, according to several authors, high degrees of primary stability are 

associated in the literature with superior and higher probability of 

osseointegration. Furthermore, there are several parameters that must be 

considered during the implant site preparation, which should be as atraumatic as 

possible to maintain cell viability. The preservation of the bone structure and 

collagen matrix, together with the increase in primary stability, also demonstrated 

the potential to accelerate the post-surgery healing process. 

In 2015, a novel surgical technique for implant site preparation termed 

osseodensification (OD) has been introduced. It is a non-subtractive drilling 

technique that preserves bone by using specially designed burs in 

counterclockwise (CCW; noncutting motion) with copious irrigation. Contrary to 

conventional drilling techniques, OD promotes bone compaction along the 

osteotomy walls and into the trabecular spaces, increasing the bone density at 

the site. Several authors reported that this technique can help to obtain higher 

values of primary stability and implant insertion torque, especially in less dense 

bone. However, these drills have a dual-mode action since they may also be used 

in clockwise direction (CW) in which they have cutting capacity like any other 

system. Since it pushes the bone instead of removing it, OD has enormous 

potential in the field of oral implantology in different indications, namely in ridge 

expansion, post-extraction implant placement or maxillary sinus floor elevation 

(SFE) by crestal approach with high predictability and reduced morbidity, 

compared to alternative techniques.  
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The main objective of this doctoral project was to contribute to advance 

knowledge regarding the OD technique and to validate its versatility and 

application in different clinical situations. In this sense, we decided to perform a 

systematic review and meta-analysis, with the aim of comparing implant stability 

between site preparation with OD compared to the conventional osteotomy 

protocol. This review was the first to exclusively analyze human data and 

demonstrated that OD consistently achieved higher values of primary and 

secondary stability (4-6 months after implant placement) compared with 

conventional drilling (Chapter 3). In addition, we had the opportunity to participate 

in an international multicenter retrospective clinical study, with colleagues from 

five nationalities, which confirmed the ability of OD to expand the interradicular 

septum for the post-extraction implant placement in molars. Furthermore, this 

study also allowed the introduction of a new molar socket classification, which 

can be used by the scientific community and facilitate communication between 

peers (Chapter 4). Finally, according to the current evidence, OD appears to 

have, in fact, enormous potential for SFE. However, there is still a lack of scientific 

studies with adequate methodology that effectively allow the OD technique to be 

considered as a valid alternative to the classic lateral window technique (LW), 

especially in highly resorbed posterior maxilla in which it continues to be 

considered the gold standard. Therefore, we decided to conduct a randomized 

clinical trial with the aim of comparing the effectiveness and impact on patients' 

quality of life of SFE with OD versus LW, both with simultaneous implant 

placement when residual bone height (RBH) < 4 mm. The results showed that, 

although both techniques were similarly effective, OD significantly outperformed 

LW in pain experience, impact on self-perceived quality of life, surgery duration, 

postoperative edema and analgesics intake (Chapter 5). 

In conclusion, OD represents a paradigm shift in implantology in terms of implant 

site preparation. This thesis confirms its clinical potential and versatility in 

different situations, from optimizing the implant site alone to bone expansion or 

SFE by crestal approach. Furthermore, our results position OD as a real and valid 

alternative to the LW technique in extreme cases with reduced RBH, with a 

significant improvement in patient experience. 
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Keywords: Osseodensification, Implant site preparation, Osteotomy, Expansion, 

Bone, Sinus floor elevation, Immediate implants 
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1.1. Bone 

1.1.1. Embryology and Bone Ossification 
 
Bone tissue formation begins during embryonic development and is completed in 

early adulthood through a process termed bone ossification. It can be divided into 

two types, endochondral and intramembranous (1). Endochondral ossification 

occurs when a hyaline cartilage is replaced by bone and marrow and is the 

process responsible for the formation of most short and long bones of the human 

skeleton (2). In contrast, during intramembranous ossification, bone is formed 

directly from connective tissue without a cartilaginous precursor. The frontal, 

parietal, temporal, some parts of the occipital, maxilla and mandible bones are 

examples of bones formed through intramembranous ossification (1,3). This 

classification refers only to the mechanism of bone formation; in the adult, the 

structure of the bone tissue formed by the two ossification processes is identical 

(4). 

 
 

1.1.2. Bone Composition 
 
Bone is a mineralized connective tissue consisting of four types of cells 

(osteoblasts, osteocytes, bone lining cells and osteoclasts) and a calcified 

extracellular matrix (5–7). Osteoblasts, osteocytes and bone lining cells are 

derived from mesenchymal stem cells of the bone marrow, and osteoclasts are 

derived from hematopoietic stem cells (HSCs) of the mononuclear phagocyte 

system (5,6,8). 

 

1.1.2.1. Bone cells 
 

Osteoblasts are metabolically active cells that produce extracellular proteins, 

including alkaline phosphatase, osteocalcin and type I collagen which constitutes 

over 90% of the bone matrix protein (9). Osteoblasts are responsible for the 

synthesis of the organic components of the non-calcified bone matrix (osteoid) 

and their mineralization through the ability to accumulate calcium phosphate in 

the form of hydroxyapatite (7). Osteoblasts may be trapped by the newly formed 

bone matrix and become osteocytes. The previously secreted matrix is deposited 
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around the cell body, forming lacunae where osteocytes are found (10). These 

lacunae are connected through a network of canaliculi which allow the diffusion 

of substances, cellular communication and nutrition through the bone (5,10). 

Osteocytes are fundamental to the maintenance of the bone matrix, and their 

death is followed by bone resorption. There are approximately 25,000 osteocytes 

per mm3 of bone, representing around 90% of the total bone cells (10,11). 

Bone lining cells demonstrate few signs of metabolic activity and are considered 

post-proliferative resting osteoblasts (5). Although there is still discussion in the 

literature regarding their function, it has been reported that bone lining cells may 

be reactivated to form osteoblasts, act as a barrier between bone and 

extracellular fluid, and regulate crystal growth in bone (5). 

Osteoclasts are giant multinucleated mobile cells whose main function is to 

degrade and destroy bone through the secretion of acid and proteolytic enzymes 

such as cathepsin K (CTSK) (12). Osteoclasts migrate from the bone marrow to 

a specific skeletal site and can be found in small depressions in the bone matrix 

known as “Howship’s lacunae” which are the result of their resorption activity (11). 

This process contributes to bone remodelling, which is essential for preserving 

skeletal integrity by osteoclasts resorbing damaged bone, which is subsequently 

replaced by new bone produced by osteoblasts (10,13). In addition, bone 

resorption by osteoclasts releases calcium into the bloodstream which aids in the 

long-term regulation of blood calcium homeostasis (10). 

 

1.1.2.2. Bone extracellular matrix 

The bone extracellular matrix is composed of both organic and inorganic/mineral 

elements, although its exact composition may differ based on age, sex and health 

conditions (14). The inorganic component accounts for approximately 60% of the 

tissue compared to approximately 30% of the organic component, while the 

remaining 10% is water (6,10). Its inorganic content is primarily composed of 

calcium and phosphate in the form of crystalline hydroxyapatite 

[Ca3(PO4)2]3Ca(OH)2 and small amounts of sodium, potassium and magnesium 

(4,10). The organic component consists predominantly of type I collagen (90%) 

but also includes noncollagenous proteins (10%) such as osteonectin, 

osteocalcin, growth factors and bone morphogenetic proteins (BMPs) (6,15,16). 
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The main function of collagen is mechanical support and it plays a significant role 

in determining bone strength (17). During the bone regeneration process, there 

is a dynamic interaction between the bone extracellular matrix, osteoblast-lineage 

cells and osteoclasts that regulates the formation of new bone (14). 

1.1.3. Bone density and different types of bone 
 

The success of dental implants depends not only on the quantity of bone available 

in the jaws but also on its quality (18). Bone density is defined by the quantity of 

minerals (essentially calcium and phosphorous) present in a certain volume of 

bone, which changes throughout life (19,20). It is significantly influenced by 

genetic factors and directly correlated with bone strength (21,22). Bone density 

may be measured preoperatively during implant surgery planning with cone-

beam computed tomography (CBCT) through a quantitative bone density scale 

(Hounsfield scale) in Hounsfield units (HU) (23). 

Bone tissue can be macroscopically classified as cortical (or compact) and 

trabecular (or cancellous) (4,22,24). Cortical bone is a dense tissue that forms a 

solid osseous protective layer around the medullary internal cavity. Its major 

function is to provide strength and protection to bones. On its external surface, 

cortical bone is covered by the periosteum, which is a thin layer of connective 

tissue, and on its inner surface it is covered by the endosteum. In contrast, 

trabecular bone is a spongy, porous, inhomogeneous, and anisotropic material, 

composed of a honeycomb-like network of trabecular struts and plates interposed 

between the bone marrow compartment (4). 

In 1985, Lekholm and Zarb (25) classified alveolar bone quality into four types: 

type 1, homogeneous cortical/compact bone; type 2, thick cortical layer 

surrounding a core of dense trabecular bone; type 3, thin cortical layer 

surrounding dense trabecular bone; and type 4, thin cortical layer surrounding a 

sparse low-density medullary bone (25). 

In 1988, Misch proposed four bone types (D1-D4) based on their density and 

correlated them with the different regions of the mouth in which they are more 

often encountered (26). D1 bone type consists almost entirely of dense cortex 

and is mostly found in the anterior mandible. On a Hounsfield scale, D1 measures 

1250 HU or more. D2 is a combination of dense-to-porous cortical bone on the 
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crest and trabecular bone from 40% to 60% on the inside, and is more frequently 

found in the anterior and posterior mandible. Normally, D2 bone measures 

around 850-1250 HU. D3 consists of a thinner porous crestal layer of cortical 

bone and reasonable trabecular bone. It is commonly found in the anterior and 

posterior maxilla but may also be present in the posterior mandible. On the 

Hounsfield scale, D3 density is around 350-850 HU. D4 bone is basically 

trabecular with no cortical crestal bone and is essentially found in the posterior 

maxilla. This type of bone is associated with a higher implant failure rate. On the 

Hounsfield scale, 150-350 HU indicate D4 bone. Due to the extremely low-density 

bone, BIC and implant primary stability are often compromised so the surgical 

technique for implant site preparation must be delicate and precise to overcome 

this. Furthermore, it takes the longest time for osseointegration to occur (26,27). 

To be a good candidate for dental implant placement, the patient must have 

adequate bone quantity and quality. Historically, the posterior maxilla has been 

associated with a higher implant failure rate (28). In addition to the low bone 

density, a frequent limitation for implant placement in this location is the reduced 

residual bone height (RBH) below the maxillary sinus, which is often associated 

with its pneumatization. These cases require an additional surgical procedure 

well-established in the literature termed sinus floor elevation (SFE), to increase 

the amount of bone in the maxillary sinus either through a lateral or crestal 

approach (29–33). 

 
 

1.2.  Paranasal Sinuses  
 

The paranasal sinuses are air-filled cavities located within the skull that surround 

and communicate with the nasal cavity. There are four paired sinuses: maxillary, 

ethmoid, frontal and sphenoid sinuses. The function of the paranasal sinuses 

remains only partially understood and is still under debate. Nevertheless, it is 

assumed that they participate in reducing skull weight, play a role in respiration, 

immunological defense and olfactory function, and increase the resonance of the 

voice (34,35). 
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1.2.1.  Maxillary Sinus 

1.2.1.1.  Anatomical Considerations 
 

The maxillary sinus is a large pyramidal cavity situated within the body of the 

maxilla and is normally the largest paranasal sinus. It was initially illustrated by 

Leonardo da Vinci in 1489 (36) and later described in more detail by Nathaniel 

Highmore in 1651, which is why it is frequently referred to as the Antrum of 

Highmore. The average dimensions of the sinus in adults are: width 25-35 mm, 

height 30-45 mm, anteroposterior 36-42 mm, and its average volume is around 

15 ml (37,38). It is limited by: the infratemporal and pterygopalatine fossae 

posteriorly; the fragile orbital floor superiorly; the zygomatic process laterally; the 

uncinate process, fontanelles and inferior turbinate medially; and the hard palate 

and the alveolar processes inferiorly. 

The maxillary sinus is lined with mucoperiosteum, also known as the 

Schneiderian membrane (Figure 1). Histologically, it can be described as a 

double-layer membrane consisting of pseudostratified ciliated columnar 

epithelium on the inner side and periosteum on the outer side. It has been 

demonstrated that mesenchymal stem cells from the sinus membrane have the 

capacity to form bone (39) which is particularly relevant in SFE procedures. The 

natural mean thickness of a healthy Schneiderian membrane is approximately 1 

mm but it is usually found to be thicker in radiographic evaluation of asymptomatic 

patients (40,41).  

 
 

 

 

 

 

 

 

 

 

 

 Figure 1. Schneiderian membrane elevation during lateral window approach 
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The ostium of the maxillary sinus is located on the highest part of the medial wall 

of the sinus and is usually around 5 mm in diameter (42). It opens into the 

posterior half of the ethmoidal infundibulum, passing through the semilunar hiatus 

and finally into the middle meatus of the nasal cavity (43) (Figure 2). In 

approximately 10% of the population, accessory maxillary ostia may occur 

unilaterally or bilaterally and are usually located in the posterior fontanelle area 

(44). 

 

 
Figure 2. Cross-sectional CBCT images at the level of the ostiomeatal complex, showing the 
infraorbital canal (arrowhead), maxillary sinus ostium (wavy arrow), ethmoidal infundibulum 
(dotted line), middle meatus (small triangles), and maxillary alveolar process (asterisk). B, 
ethmoidal bulla; HP, hard palate; IT, inferior turbinate; LP, lamina papyracea; MS, maxillary sinus; 
MT, middle turbinate. Source: Sinonasal Complications of Dental Disease and Treatment: 
Prevention–Diagnosis–Management. Felisati G, Chiapasco M, ed. 1st Edition. Stuttgart: Thieme; 
2015. doi:10.1055/b-006-149711 

 

 

A variable number of ridges and septa, also called Underwood’s septa, are a 

frequent anatomic condition that can be found within the maxillary sinus. 

According to computerized tomography (CT) studies, its prevalence may range 

from 16% to 58%, although they are more frequent in edentulous cases (45–47). 

Septa may be classified into primary (which are congenital and evolve during the 

growth of the maxilla) and secondary (which are acquired from the irregular 

pneumatization of the sinus floor following tooth loss) (46). These walls of cortical 

bone represent a challenge when sinus augmentation procedures are required, 

due to the greater risk of membrane perforation during its elevation (41,47). This 

https://medone-otolaryngology.thieme.com/p/author/profile/8000000906
https://medone-otolaryngology.thieme.com/p/author/profile/8000000907
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risk may be even higher when the Underwood’s septa divide the sinus cavity into 

two or more compartments, although this is rarely found (41,47).  

 

1.2.1.2. Anatomical Relationship between the Maxillary Sinus and Teeth 
 

The anatomical relationship between the maxillary sinus and the teeth is highly 

variable. Normally, the sinus floor extends from the mesial part of the first 

premolar to the distal part of the third molar and has its lowest location at the first 

and second molar (43,48). The molars are usually separated from the sinus by a 

layer of compact bone, although this layer may be thin or absent in some cases 

(43).  

 

1.2.1.3.  Vascularization and Innervation  
 
The maxillary sinus mucosa is irrigated by branches of the maxillary artery, 

namely the posterior superior alveolar artery (PSAA), the infraorbital artery and 

the posterior lateral nasal artery (43). The alveolar antral artery (AAA), the dental 

branch of the PSAA, usually has an intraosseous horizontal course through the 

superior alveolar canal along the anterolateral wall of the maxillary sinus and 

anastomoses with the infraorbital artery (IOA) (49) (Figure 3).  

 

Figure 3. Vascularization of the maxillary sinus. (Original image) 
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The AAA represents an important arterial branch due to the potential risk of 

damage during sinus floor elevation by lateral approach (Figure 4). In a CBCT 

study, the superior alveolar canal could be identified in 82% of the cases with a 

mean diameter of 1.1 mm (range between 0.2 and 2.6 mm) (50). Therefore, 

proper diagnosis and preoperative analysis of 3D imaging (CBCT) are mandatory 

to minimize intraoperative complications (49). 

 

 

The venous drainage is provided by veins that arise from the dense venous 

network of the sinus mucosa and course in multiple directions. The infraorbital 

vein is responsible for part of the drainage and reaches the cavernous sinus, 

which explains the potential for extension of maxillary sinus infection to this area 

(51). 

Sensory innervation of the maxillary sinus is provided by the infraorbital nerve 

and its main proximal branches (anterior, middle and posterior superior alveolar 

nerves) (43). The posterior superior alveolar nerve normally has two to three 

branches and is responsible for most innervation of the sinus mucosa, whereas 

the middle superior alveolar branch supplies secondary mucosal innervation. The 

anterior superior alveolar branch runs on the anterior wall of the maxilla and 

innervates the anterior portion of the maxillary sinus (43).  

Figure 4. Alveolar antral artery (AAA) observed during sinus floor elevation by 
lateral window approach. 
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1.2.1.4. Schneiderian Membrane - Microscopic Anatomy and Defensive 
Role  

 

Recently, there has been a growing interest on research regarding the maxillary 

sinus membrane, primarily attributed to its involvement in osteogenesis following 

SFE (52,53). The Schneiderian membrane consists of pseudostratified ciliated 

columnar epithelium and is composed of three types of cells: ciliated cells 

(approximately 80%), goblet cells (approximately 20%) and a small number of 

basal cells that can differentiate into other epithelial cells (54). 

The histomorphological composition of the Schneiderian membrane leads to its 

classification as mucosa. However, several studies have identified additional 

layers within the Schneiderian membrane, including a vascular-rich lamina 

propria and a layer of dense fibrous tissue adjacent to the bone surface, similar 

to a periosteum-like structure (55,56). Consequently, there is a prevailing 

agreement that the Schneiderian membrane exhibits both the characteristics and 

functions of mucosa, while also demonstrating the features and functions 

reminiscent of periosteum (Figure 5). 

 

 
 

Figure 5. Schneiderian membrane anatomy and histology. Image cortesy of Prof. Leonardo 
Trombelli and Prof. Matteo Chiapasco 
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The ciliated cells are columnar epithelial cells with specialized ciliary adaptations 

located at their apical portions. In the absence of infection and under normal body 

temperature, the cilia beat synchronously at a frequency of 10 to 20 times per 

second, propelling the mucus produced by goblet cells from the periphery of the 

sinuses to the middle meatus through the ostium (57,58). Subsequently, as the 

secreted mucus reaches the nasal cavity and drainage occurs, it is ingested and 

transported to the stomach, where most of the pathogenic microbes trapped in 

the mucus are destroyed through a process referred to as mucociliary clearance 

(MCC) (59,60). MCC serves as a vital host defense mechanism that provides 

homeostasis by protecting the body from invading foreign particles, including 

bacteria (60). Goblet cells are simple glandular cells that produce mucus. This 

production is regulated by both the parasympathetic and sympathetic nervous 

systems, and tends to increase after exposure to irritating substances or 

pathogens. While the density of goblet cells in the sinusal cavities is notably lower 

than that in the nasal cavities, research has indicated that they are more 

abundant in the maxillary sinus than in the other sinuses. This ensures a suitable 

quantity of mucus production in the sinuses, preventing excessive epithelial 

dryness and facilitating effective mucosal clearance (59,60). Adequate 

maintenance of MCC and ostium patency within the normal limits is fundamental 

for the success of SFE (61,62). 
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The Introduction section provides a comprehensive overview of the biological and 

anatomical factors relevant to the dissertation’s focus. The overall purpose of this 

thesis was to explore the potential of osseodensification (OD) as a novel surgical 

technique for implant site preparation in comparison with the traditional 

osteotomy protocol. In addition, we aimed to demonstrate the versatility of this 

technique by validating its application and efficiency in different clinical scenarios, 

namely for immediate implant placement in molar extraction sockets and for sinus 

floor elevation (SFE) by crestal approach.  

 

To achieve this, we structured the research project into three stages: 

1. Systematic review and meta-analysis (Chapter 3) 

To appraise the available evidence on the clinical characteristics produced by 

OD drilling compared to the conventional drilling technique.  

Publication: Gaspar J, Proença L, Botelho J, Machado V, Chambrone L, 

Neiva R, Mendes JJ. Implant Stability of Osseodensification Drilling Versus 

Conventional Surgical Technique: A Systematic Review. Int J Oral Maxillofac 

Implants. 2021 Nov-Dec;36(6):1104-1110. doi: 10.11607/jomi.9132. PMID: 

34919606. 

 

2. Participation in an international multicenter retrospective clinical 
study (Chapter 4) 

To assess the effectiveness of interradicular septum expansion with OD site 

preparation for immediate implant placement in molar extraction sockets. 

Publication: Bleyan S, Gaspar J, Huwais S, Schwimer C, Mazor Z, Mendes 

JJ, Neiva R. Molar Septum Expansion with Osseodensification for Immediate 

Implant Placement, Retrospective Multicenter Study with Up-to-5-Year 

Follow-Up, Introducing a New Molar Socket Classification. J Funct Biomater. 

2021 Nov 25;12(4):66. doi: 10.3390/jfb12040066. PMID: 34940545; PMCID: 

PMC8708493. 
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3. Randomized clinical trial (Chapter 5) 

To compare patient-reported outcome measures and additional surgical 

outcomes after SFE with OD versus lateral window technique (LW), both with 

simultaneous implant placement. 

Publication: Gaspar J, Botelho J, Proença L, Machado V, Chambrone L, 

Neiva R, Mendes JJ. Osseodensification versus lateral window technique for 

sinus floor elevation with simultaneous implant placement: A randomized 

clinical trial on patient-reported outcome measures. Clin Implant Dent Relat 

Res. 2024 Feb;26(1):113-126. doi: 10.1111/cid.13294. Epub 2023 Nov 28. 

PMID: 38018261. 

 

These papers have Copyright Permissions appended as Annexes 3, 4 & 5. 
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Figura 1 - Equipment set for running IMMPLANT 
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6.1. General Discussion 
 
The introduction of OD in 2015 marked a paradigm shift in implantology. As a 

non-subtractive drilling technique, OD preserves bone integrity and promotes 

bone compaction, thus offering unique advantages over conventional methods 

(63–68). The dual-mode action of OD drills, operating in both counterclockwise 

(CCW) and clockwise (CW) directions, enhances its versatility and allows its use 

in various clinical contexts (64,69–71). 

The overall purpose of this thesis was to explore the potential of OD as a novel 

surgical technique for implant site preparation in comparison with the traditional 

osteotomy protocol. In addition, our aim was also to validate its application in 

different clinical scenarios and to confirm its efficiency and positive impact in 

patients’ experience after SFE.  

This research project was therefore structured into three stages. Initially, we 

performed a systematic review to appraise the available evidence on the clinical 

characteristics produced by OD drilling compared with the conventional drilling 

technique. Until that moment, several systematic reviews have provided 

important insights about OD concept; however, they have either considered only 

animal studies or combined data from animal preclinical and human clinical 

studies (63,72–74).  In contrast, our review was the first to analyze data 

exclusively from human subjects which enhances its clinical relevance. Clinicians 

often seek evidence that directly applies to patient care, and human-focused 

reviews provide the most relevant information for guiding clinical decisions. Our 

results demonstrated that osseodensification presented consistently higher ISQ 

at baseline and at 4-6 months after implant placement compared with 

conventional drilling. The biological rationale for this is that the bone densification 

along with the presence of residual bone chips at the osteotomy walls results in 

an enhanced contact between the implant and the surrounding bone due to 

compaction auto-grafting and the associated spring-back effect (64,75), 

increasing bone-to-implant contact (BIC) upon insertion (63,65,66). These 

autografted bone particles in the trabecular spaces act as nucleation sites for 

faster bone formation around the implant, potentially accelerating healing 

(65,76,77). However, these findings should be cautiously interpreted since only 
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three studies fulfilled the inclusion criteria for the meta-analysis, which 

demonstrates the need for further research. Still, none of the included studies 

reported inferiority of clinical outcomes of OD compared with conventional drilling. 

Besides this, our study was only able to provide estimates in terms of ISQ values 

so it would be interesting to broaden to other clinical parameters in the future. A 

more recent multicenter controlled clinical trial (78) showed that, regardless of the 

jaw and area operated, OD demonstrated not only significantly higher implant 

primary stability values but also significantly higher insertion torque compared 

with standard subtractive drilling. 

Secondly, we had the opportunity to participate in an international multicenter 

retrospective clinical study with colleagues from five nationalities, which 

confirmed the ability of OD to expand the interradicular septum for post-extraction 

implant placement in molars. Although retrospective studies have inherent 

limitations, they remain valuable especially when dealing with concrete and 

objective data obtained from routine clinical practice, which can offer insights into 

how treatments perform in everyday setting. Our primary outcome was 

interradicular septum width measurement pre-instrumentation and osteotomy 

diameter post expansion. According to several authors, the ideal implant 

positioning in molar extraction sockets will most often require the osteotomy to 

be in the septum, not only for optimal emergence profile of the restoration but 

also regarding implant survival (79,80). Historically, a minimum of 3 mm width of 

interradicular septal bone (ISB) was considered important to achieve initial 

stabilization of an immediate molar implant (81). In this retrospective study, 

twenty-three extraction sockets had ISB width of 2.5 mm and one had 2.8 mm. 

Still, adequate septum expansion was achieved in all these sites using OD, with 

osteotomy final diameter ranging from 3.5 to 4.5 mm which provided adequate 

implant stability upon insertion. Overall, the results were encouraging and allow 

to validate the use of OD in another clinical indication, positioning it as a reliable 

and predictable treatment modality. In addition, we introduced a novel molar 

socket classification system based on the width of the interradicular septum pre-

instrumentation, which can be used by the scientific community and facilitate 

communication between peers. The typical classification of molar extraction 

sockets by Smith and Tarnow (82) is based on the surrounding bone around 
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immediately placed implants. Thus, it does not consider the precise 

measurement of the septum width before osteotomy, and the socket type may be 

different depending on the diameter of the implant placed. Considering these 

limitations, we suggested a new diagnostic classification based on the ISB width 

before site preparation, aiming to facilitate more effective treatment planning. 

With a more detailed classification system, dental practitioners may be able to 

develop and implement more targeted and personalized treatment protocols for 

different types of molar extraction sockets. This may include selecting appropriate 

instrumentation, considering the need for ridge preservation techniques, or 

deciding if immediate implant placement is applicable, which may lead to 

improved patient outcomes and reduce the risk of complications. Regarding other 

parameters considered in this retrospective analysis such as IT or ISQ, it may be 

more challenging to draw accurate conclusions since different implant systems 

with singular macrogeometries were placed by the various clinicians which may 

have influenced the results. 

Lastly, we delved into the application of OD for SFE, in which it may have great 

impact. According to the literature, although the OD technique has demonstrated 

promising results for SFE in cases with reduced bone height (70,83), the lateral 

window technique (LW) has still been considered the gold standard approach 

when RBH is less than 5 mm, despite the associated patient morbidity (24,33,84). 

Direct comparative studies between OD and LW for SFE are limited and the 

available evidence is mostly based on case series and observational studies, 

making it challenging to draw definitive conclusions about the superiority of one 

technique over another. Further, the minimum bone height required for the safe 

use of OD is not yet well established in the literature. Therefore, we decided to 

conduct a randomized clinical trial (RCT) with the aim of comparing the 

effectiveness and patient-reported outcomes after SFE with OD versus LW, both 

with simultaneous implant placement in similar local conditions (RBH ≤ 4 mm). 

Studying the effectiveness of OD for SFE in this specific range of bone height 

addresses a clinically relevant question regarding the feasibility and success of 

this technique in challenging anatomical situations in which LW is typically the 

only alternative considered. Regarding the study design, RCTs are considered 

the gold standard for assessing both the safety and efficacy of medical 
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interventions, as they offer several advantages that contribute to the robustness 

of scientific evidence. Considering previous studies (85–87) and our clinical 

experience in general, our expectations were that OD would have superior 

patient-reported outcome measures (PROMs) and improved overall patient 

experience compared with the LW group, which was confirmed in our RCT. 

However, PROMs rely on a subjective perception, and responses may be 

influenced by personal interpretation and experience. Different individuals may 

interpret and respond to questions differently, leading to variability in the reported 

outcomes. This subjectivity along with the relatively small sample size can be 

considered the main limitations of this study.  To mitigate bias as much as 

possible, the study was designed as a RCT ensuring participant blinding and 

random allocation into either the test or the control group. Additionally, the 

experience of the surgeon may have played a role in the results since both 

procedures are technique sensitive. 

As reported in our systematic review (88) and in previous studies (89–91), implant 

site preparation with OD drilling has been shown to present higher insertion 

torque and ISQ compared to conventional drilling. However, in our RCT, although 

the mean IT and immediate ISQ values were higher in the OD group than in the 

LW group in which conventional osteotomy was used, the difference was not 

statistically significant. This could be explained by the very reduced bone height 

available for the OD technique to make a significant difference. Conversely, ISQ 

at 6 months was significantly higher (p< 0.05) in the OD group compared to LW. 

One possible explanation for this apparently faster osseointegration in OD group 

may be the complete preservation of the buccal wall of the sinus, contrary to the 

LW technique. Although we may presume that healing and graft maturation in 

SFE seems to be faster with OD compared to LW, these findings should be 

further investigated and explored in future research.  

 

6.2. Concluding Remarks 
 
Paper I – This systematic review was the first to analyze data exclusively from 

human subjects. It demonstrated that OD presented consistently higher ISQ at 

baseline and at 4-6 months after implant placement when compared to 
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conventional drilling. However, these results should be cautiously interpreted 

since only three studies fulfilled the inclusion criteria for the meta-analysis. 

Nevertheless, within the limitations of these findings, we may infer that implant 

site preparation with OD might be particularly useful in low-density bone and 

when immediate temporization is intended. It is also important to mention that 

none of studies reported inferiority of clinical outcomes of OD compared to 

traditional drilling protocol.   

 

Paper II – This up-to-5-year follow-up retrospective multicenter study 

demonstrated that OD is a viable and predictable treatment modality for 

interradicular septum expansion and immediate implant placement in molar 

extraction sockets. Moreover, it allowed the introduction of a new molar socket 

classification system based on the available septum width prior to implant site 

preparation.  

 

Paper III – Within the limitations of this RCT, OD and LW techniques were 

similarly effective in SFE with simultaneous implant placement when RBH ≤ 4 

mm. However, OD significantly outperformed LW in terms of pain experience, 

impact on self-perceived quality of life, surgery duration, postoperative edema 

and analgesics intake. 

 

In conclusion, this doctoral project allowed to obtain clinically relevant key 

findings, which we now summarize: 

1. OD is an effective and versatile technique that can be predictably used in 

various clinical scenarios, ranging from routine implant site preparation to 

more complex procedures such as bone expansion and SFE.  

2. ISQ and insertion torque tend to be higher when OD is used for implant 

site preparation, compared to conventional drilling protocol. 

3. OD is a safe and effective technique for interradicular septum expansion 

and simultaneous site preparation for post-extraction implant placement 

in molar sockets.  
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4. OD is a real and predictable alternative to the classic LW approach for 

SFE in extreme cases with reduced RBH, with a significantly improved 

overall patient experience. 

 

6.3. Future Directions 
 
This thesis demonstrated the clinical potential of OD technique in implant 

dentistry; however, ongoing research is crucial to further enhance its 

understanding and optimize its application. While current evidence strongly 

supports the use of OD, further well-designed long-term randomized clinical trials 

are warranted to solidify its standing as a valid alternative to established 

techniques. Future research should focus on expanding the evidence base and 

refining methodologies to enhance even more the scientific community's 

confidence in OD. Furthermore, we consider extremely important to emphasize 

the importance of proper training in this technique, which is essential for its 

consistent and successful implementation in clinical practice. 

 

 

 

 

 

 

 

 

 

 



7. BIBLIOGRAPHIC REFERENCES 

83/94 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 7 
 

BIBLIOGRAPHIC REFERENCES 
  



COMPARISON BETWEEN OSSEODENSIFICATION AND CONVENTIONAL OSTEOTOMY PROTOCOL 
FOR IMPLANT SITE PREPARATION 
 

84/94 

 

  



7. BIBLIOGRAPHIC REFERENCES 

85/94 

 

1.  Berendsen A, Olsen B. Bone development. Bone. 2015;80:14–8.  

2.  Mackie E, Ahmed Y, Tatarczuch L, Chen K, Mirams M. Endochondral 

ossification: how cartilage is converted into bone in the developing 

skeleton. Int J Biochem Cell Biol. 2008;40(1):46–62.  

3.  Brăescu R, Săvinescu S, Tatarciuc M, Zetu I, Giuşcă S, Căruntu I. 

Pointing on the early stages of maxillary bone and tooth development – 

histological findings. Rom J Morphol Embryol. 2020;61(1):167–74.  

4.  Clarke B. Normal bone anatomy and physiology. Clin J Am Soc Nephrol. 

3(Suppl 3):S131-9.  

5.  Downey P, Siegel M. Bone biology and the clinical implications for 

osteoporosis. Phys Ther. 86(1):77–91.  

6.  Florencio-Silva R, Sasso G, Sasso-Cerri E, Simões M, Cerri P. Biology of 

Bone Tissue: Structure, Function, and Factors That Influence Bone Cells. 

Biomed Res Int. 2015;2015(421746).  

7.  Maciel G, Maciel R, Danesi C. Bone cells and their role in physiological 

remodeling. Mol Biol Rep. 50(3):2857–63.  

8.  Elson A, Anuj A, Barnea-Zohar M, Reuven N. The origins and formation 

of bone-resorbing osteoclasts. Bone. 164(116538).  

9.  Blair HC, Larrouture QC, Li Y, Lin H, Beer-Stoltz D, Liu L, et al. 

Osteoblast Differentiation and Bone Matrix Formation In Vivo and In Vitro. 

Tissue Eng Part B Rev. 2017;23:268–80.  

10.  Mohamed A. An overview of bone cells and their regulating factors of 

differentiation. Malays J Med Sci. 15(1):4–12.  

11.  Del Fattore A, Teti A, Rucci N. Bone cells and the mechanisms of bone 

remodelling. Front Biosci (Elite Ed). 4(6):2302–21.  

12.  Charles JF, Aliprantis A. Osteoclasts: More than ‘bone eaters.’ Trends 

Mol Med. 20(8):449–59.  

13.  Boyce B, Rosenberg E, de Papp A, Duong L. The osteoclast, bone 

remodelling and treatment of metabolic bone disease. Eur J Clin Invest. 



COMPARISON BETWEEN OSSEODENSIFICATION AND CONVENTIONAL OSTEOTOMY PROTOCOL 
FOR IMPLANT SITE PREPARATION 
 

86/94 

42(12):1332–41.  

14.  Lin X, Patil S, Gao Y, Qian A. The Bone Extracellular Matrix in Bone 

Formation and Regeneration. Front Pharmacol. 11(757).  

15.  Sculean A, Stavropoulos A, Bosshardt D. Self-regenerative capacity of 

intra-oral bone defects. J Clin Periodontol. 2019;46(Suppl. 21):70–81.  

16.  Kenkre J, Bassett J. The bone remodelling cycle. Ann Clin Biochem 2. 

2018;55(3):308-327.  

17.  Saito M, Marumo K. Effects of Collagen Crosslinking on Bone Material 

Properties in Health and Disease. Calcif Tissue Int. 2015;97:242–61.  

18.  Esposito M, Hirsch J, Lekholm U, Thomsen P. Biological factors 

contributing to failures of osseointegrated oral implants. (I). Success 

criteria and epidemiology. Eur J Oral Sci. 1998;106(1):527–51.  

19.  Schneider R. Imaging of Osteoporosis. Rheum Dis Clin North Am. 

39(3):609–31.  

20.  Santos L, Elliott-Sale K, Sale C. Exercise and bone health across the 

lifespan. Biogerontology. 18(6):931–46.  

21.  Osterhoff G, Morgan E, Shefelbine S, Karim L, McNamara L, Augat P. 

Bone mechanical properties and changes with osteoporosis. Injury. 

2016;47(Suppl 2):S11-20.  

22.  Di Stefano DA, Arosio P, Pagnutti S, Vinci R, Gherlone EF. Distribution of 

Trabecular Bone Density in the Maxilla and Mandible. Implant Dent. 

2019;28(4):340–8.  

23.  Hao Y, Zhao W, Wang Y, Yu J, Zou D. Assessments of jaw bone density 

at implant sites using 3D cone-beam computed tomography. Eur Rev 

Med Pharmacol Sci. 2014;18(9):1398–403.  

24.  Khehra A, Levin L. Maxillary sinus augmentation procedures: a narrative 

clinical review. Quintessence Int [Internet]. 2020;51(7):578–84. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/32500865 

25.  Lekholm U, Zarb G. Patient selection and preparation. Tissue Integr 

prostheses osseointegration Clin Dent Branemark PI, Zarb GA, 



7. BIBLIOGRAPHIC REFERENCES 

87/94 

Albrektsson T, Ed Chicago Quintessence Publ Company; 1985 p 199–

209.  

26.  Misch CE. Bone character: second vital implant criterion. Dent Today. 

1988;7:39–40.  

27.  Misch CE. Density of bone: effect on treatment plans, surgical approach, 

healing and progressive bone loading. Int J Oral Implant. 1990;6:23–31.  

28.  Yari A, Fasih P, Alborzi S, Nikzad H, Romoozi E. Risk factors associated 

with early implant failure: A retrospective review. J Stomatol Oral 

Maxillofac Surg. 2023;125(4).  

29.  Starch-Jensen T, Aludden H, Hallman M, Dahlin C, Christensen AE, 

Mordenfeld A. A systematic review and meta-analysis of long-term 

studies (five or more years) assessing maxillary sinus floor augmentation. 

Int J Oral Maxillofac Surg [Internet]. 2018;47(1):103–16. Available from: 

http://dx.doi.org/10.1016/j.ijom.2017.05.001 

30.  Wallace SS, Froum SJ. Effect of maxillary sinus augmentation on the 

survival of endosseous dental implants. A systematic review. Ann 

Periodontol. 2003;8(1):328–43.  

31.  Esposito M, Felice P, Worthington H V. Interventions for replacing missing 

teeth: Augmentation procedures of the maxillary sinus. Cochrane 

Database Syst Rev. 2014;2014(5).  

32.  Corbella S, Taschieri S, Del Fabbro M. Long-term outcomes for the 

treatment of atrophic posterior maxilla: A systematic review of literature. 

Vol. 17, Clinical Implant Dentistry and Related Research. 2015. p. 120–

32.  

33.  Zitzmann NU, Schärer P. Sinus elevation procedures in the resorbed 

posterior maxilla: Comparison of the crestal and lateral approaches. Oral 

Surg Oral Med Oral Pathol Oral Radiol Endod. 1998;85(1):8–17.  

34.  Papadopoulou A, Chrysikos D, Samolis A, Tsakotos G, Troupis T. 

Anatomical Variations of the Nasal Cavities and Paranasal Sinuses: A 

Systematic Review. Cureus. 2021;13(1):e12727.  

35.  Sieron H, Sommer F, Hoffmann T, Grossi A, Scheithauer M, Stupp F, et 



COMPARISON BETWEEN OSSEODENSIFICATION AND CONVENTIONAL OSTEOTOMY PROTOCOL 
FOR IMPLANT SITE PREPARATION 
 

88/94 

al. Funktion und Physiologie der Kieferhöhle [Function and physiology of 

the maxillary sinus]. HNO. 68(8):566–72.  

36.  Sperber G. Applied anatomy of the maxillary sinus. J Can Dent Assoc. 

1980;46:381–6.  

37.  Cardesa A, Alos L, Franchi A. Nasal cavity and paranasal sinuses. Pathol 

Head Neck. 2006;39–70.  

38.  Chanavaz M. Maxillary sinus: anatomy, physiology, surgery and bone 

grafting related to implantology. Eleven years of surgical experience 

(1979–1990). J Oral Implantol. 1990;16:199–209.  

39.  Kim S, Kim K, Seo B, Koo K, Kim T, Seol Y, et al. Alveolar bone 

regeneration by transplantation of periodontal ligament stem cells and 

bone marrow stem cells in a canine peri-implant defect model: a pilot 

study. J Periodontol •. 2009;80(11):1815–23.  

40.  Kalyvas D, Kapsalas A, Paikou S, Tsiklakis K. Thickness of the 

Schneiderian membrane and its correlation with anatomical structures 

and demographic parameters using CBCT tomography: a retrospective 

study. Int J Implant Dent. 4(1)(32).  

41.  Rancitelli D, Borgonovo AE, Cicciù M, Re D, Rizza F, Frigo AC, et al. 

Maxillary sinus septa and anatomic correlation with the Schneiderian 

membrane. J Craniofac Surg. 2015;26(4):1394–8.  

42.  Lund V, Stammberger H, Fokkens W, Beale T, Bernal-Sprekelsen M, Eloy 

P, et al. European position paper on the anatomical terminology of the 

internal nose and paranasal sinuses. Rhinol Suppl. 2014;24:1–34.  

43.  Iwanaga J, Wilson C, Lachkar S, Tomaszewski KA, Walocha JA, Tubbs 

RS. Clinical anatomy of the maxillary sinus: Application to sinus floor 

augmentation. Anat Cell Biol. 2019;52(1):17–24.  

44.  Bani-Ata M, Aleshawi A, Khatatbeh A, Al-Domaidat D, Alnussair B, Al-

Shawaqfeh R, et al. Accessory Maxillary Ostia: Prevalence of an 

Anatomical Variant and Association with Chronic Sinusitis. Int J Gen Med. 

13:163–8.  

45.  Kim M, Jung U, Kim C, Kim K, Choi S, Kim C, et al. Maxillary sinus septa: 



7. BIBLIOGRAPHIC REFERENCES 

89/94 

prevalence, height, location, and morphology: a reformatted computed 

tomography scan analysis. J Periodontol •. 2006;77:903–8.  

46.  Krennmair G, Ulm C, Lugmayr H, Solar P. The incidence, location, and 

height of maxillary sinus septa in the edentulous and dentate maxilla. J 

Oral Maxillofac Surg. 1999;57(667–671).  

47.  Underwood A. An Inquiry into the Anatomy and Pathology of the Maxillary 

Sinus. J Anat Physiol. 1910;44(Pt4):354–69.  

48.  Kilic C, Kamburoglu K, Yuksel S, Ozen T. An Assessment of the 

Relationship between the Maxillary Sinus Floor and the Maxillary 

Posterior Teeth Root Tips Using Dental Cone-beam Computerized 

Tomography. Eur J Dent. 4(4):462–7.  

49.  Maridati P, Stoffella E, Speroni S, Cicciu M, Maiorana C. Alveolar antral 

artery isolation during sinus lift procedure with the double window 

technique. Open Dent J. 8(95–103).  

50.  Apostolakis D, Bissoon AK. Radiographic evaluation of the superior 

alveolar canal: measurements of its diameter and of its position in relation 

to the maxillary sinus floor: a cone beam computerized tomography study. 

Clin Oral Implants Res. 2013;25(5):553–9.  

51.  Embong Z, Ismail S, Thanaraj A, Hussein A. Dental infection presenting 

with ipsilateral parapharyngeal abscess and contralateral orbital cellulitis - 

a case report. Malays J Med Sci. 14(2):62–6.  

52.  Insua A, Monje A, Urban I, Kruger L, Garaicoa-Pazmiño C, Sugai J, et al. 

The Sinus Membrane-Maxillary Lateral Wall Complex: Histologic 

Description and Clinical Implications for Maxillary Sinus Floor Elevation. 

Int J Periodontics Restor Dent. 37(6):e328–36.  

53.  Wang J, Sun Y, Liu Y, Yu J, Sun X, Wang L, et al. Effects of platelet-rich 

fibrin on osteogenic differentiation of Schneiderian membrane derived 

mesenchymal stem cells and bone formation in maxillary sinus. Cell 

Commun Signal. 20(1):88.  

54.  Srouji S, Kizhner T, Ben David D, Riminucci M, Bianco P, Livne E. The 

Schneiderian membrane contains osteoprogenitor cells: in vivo and in 



COMPARISON BETWEEN OSSEODENSIFICATION AND CONVENTIONAL OSTEOTOMY PROTOCOL 
FOR IMPLANT SITE PREPARATION 
 

90/94 

vitro study. Calcif Tissue Int. 2009;84(2):138–45.  

55.  Chun J, Jung J, Lee JH, Oh SH, Kwon YD. Osteogenic differentiation and 

inflammatory response of recombinant human bone morphogenetic 

protein-2 in human maxillary sinus membrane-derived cells. Exp Ther 

Med. 20(5).  

56.  Srouji S, Ben-David D, Lotan R, Riminucci M, Livne E, Bianco P. The 

innate osteogenic potential of the maxillary sinus (Schneiderian) 

membrane: an ectopic tissue transplant model simulating sinus lifting. Int 

J Oral Maxillofac Surg. 2010;39(8):793–801.  

57.  Wanner A. Clinical aspects of mucociliary transport. Am Rev Respir Dis. 

1977;116:73–125.  

58.  Beule AG. Physiology and pathophysiology of respiratory mucosa of the 

nose and the paranasal sinuses. GMS CurrTop Otorhinolaryngol Head 

Neck Surg. 2010;9(Doc07).  

59.  Whyte A, Boeddinghaus R. The maxillary sinus: physiology, development 

and imaging anatomy. Dentomaxillofac Radiol. 2019;48(8):20190205. 

Dentomaxillofac Radiol. 2019;48(8):20190205.  

60.  Park W, Cho N, Kang P. Tomographic Imaging of Mucociliary Clearance 

Following Maxillary Sinus Augmentation: A Case Series. Med. 58(5):672.  

61.  Guo ZZ, Liu Y, Qin L, Song YL, Xie C, Li DH. Longitudinal response of 

membrane thickness and ostium patency following sinus floor elevation: A 

prospective cohort study. Clin Oral Implants Res. 2016;27(6):724–9.  

62.  Timmenga NM, Raghoebar GM, van Weissenbruch R, Vissink A. 

Maxillary sinus floor elevation surgery. A clinical, radiographic and 

endoscopic evaluation. Clin Oral Implants Res. 2003;14:322–8.  

63.  Tretto PHW, Fabris V, Cericato GO, Sarkis-Onofre R, Bacchi A. Does the 

instrument used for the implant site preparation influence the bone–

implant interface? A systematic review of clinical and animal studies. 

International Journal of Oral and Maxillofacial Surgery. 2019.  

64.  Huwais S, Meyer E. A Novel Osseous Densification Approach in Implant 

Osteotomy Preparation to Increase Biomechanical Primary Stability, Bone 



7. BIBLIOGRAPHIC REFERENCES 

91/94 

Mineral Density, and Bone-to-Implant Contact. Int J Oral Maxillofac 

Implants. 2017;32(1):27–36.  

65.  Alifarag AM, Lopez CD, Neiva RF, Tovar N, Witek L, Coelho PG. 

Atemporal osseointegration: Early biomechanical stability through 

osseodensification. J Orthop Res. 2018;36(9):2516–23.  

66.  Lahens B, Neiva R, Tovar N, Alifarag AM, Jimbo R, Bonfante EA, et al. 

Biomechanical and histologic basis of osseodensification drilling for 

endosteal implant placement in low density bone. An experimental study 

in sheep. J Mech Behav Biomed Mater [Internet]. 2016;63:56–65. 

Available from: http://dx.doi.org/10.1016/j.jmbbm.2016.06.007 

67.  Lahens B, Lopez CD, Neiva RF, Bowers MM, Jimbo R, Bonfante EA, et 

al. The effect of osseodensification drilling for endosteal implants with 

different surface treatments: A study in sheep. J Biomed Mater Res - Part 

B Appl Biomater. 2019;  

68.  Tian JH, Neiva R, Coelho PG, Witek L, Tovar NM, Lo IC, et al. Alveolar 

ridge expansion: Comparison of osseodensification and conventional 

osteotome techniques. J Craniofac Surg. 2019;30(2):607–10.  

69.  Gaspar J, Esteves T, Gaspar R, Rua J, João Mendes J. 

Osseodensification for implant site preparation in the maxilla- a 

prospective study of 97 implants. Clin Oral Implants Res. 2018;  

70.  Huwais S, Mazor Z, Ioannou A, Gluckman H, Neiva R. A Multicenter 

Retrospective Clinical Study with Up-to-5-Year Follow-up Utilizing a 

Method that Enhances Bone Density and Allows for Transcrestal Sinus 

Augmentation Through Compaction Grafting. Int J Oral Maxillofac 

Implants. 2018;33(6):1305–11.  

71.  Bleyan S, Gaspar J, Huwais S, Schwimer C, Mazor Z, Neiva R. Molar 

Septum Expansion with Osseodensification for Immediate Implant 

Placement, Retrospective Multicenter Study with Up-to-5-Year Follow-Up, 

Introducing a New Molar Socket Classification. J Funct Biomater. 

2021;12(4):66.  

72.  Pai U, Rodrigues S, Talreja K, Mundathaje M. Osseodensification – A 



COMPARISON BETWEEN OSSEODENSIFICATION AND CONVENTIONAL OSTEOTOMY PROTOCOL 
FOR IMPLANT SITE PREPARATION 
 

92/94 

novel approach in implant dentistry. J Indian Prosthodont Soc. 2018;  

73.  Padhye NM, Padhye AM, Bhatavadekar NB. Osseodensification –– A 

systematic review and qualitative analysis of published literature. Journal 

of Oral Biology and Craniofacial Research. 2020.  

74.  El-Kholey KE, Elkomy A. Does the Drilling Technique for Implant Site 

Preparation Enhance Implant Success in Low-Density Bone? A 

Systematic Review. Implant Dent. 2019;  

75.  Kold S, Bechtold JE, Ding M, Chareancholvanich K, Rahbek O, Søballe 

K. Compacted cancellous bone has a spring-back effect. Acta Orthop 

Scand. 2003;  

76.  Lopez CD, Alifarag AM, Torroni A, Tovar N, Diaz-Siso JR, Witek L, et al. 

Osseodensification for enhancement of spinal surgical hardware fixation. 

J Mech Behav Biomed Mater. 2017;69(October 2016):275–81.  

77.  Trisi P, Berardini M, Falco A, Podaliri Vulpiani M. New osseodensification 

implant site preparation method to increase bone density in low-density 

bone: In vivo evaluation in sheep. Implant Dent. 2016;25(1):24–31.  

78.  Bergamo ET, Zahoui A, Barrera RB, Huwais S, Coelho PG, Karateew ED, 

et al. Osseodensification effect on implants primary and secondary 

stability : Multicenter controlled clinical trial. Clin Implant Dent Relat Res. 

2021;(March):1–12.  

79.  Fugazzotto PA. Implant Placement at the Time of Mandibular Molar 

Extraction: Description of Technique and Preliminary Results of 341 

Cases. J Periodontol. 2008;79(4):737–47.  

80.  Ragucci GM, Elnayef B, Criado-Cámara E, Del Amo FS-L, Hernández-

Alfaro F. Immediate implant placement in molar extraction sockets: a 

systematic review and meta-analysis. Int J Implant Dent. 2020;6(1).  

81.  RM H, CS G, Garcez-Filho, J, Magro-Filho O, Esper H, Hayacibara M. 

The success rate of immediate implant placement of mandibular molars: a 

clinical and radiographic retrospective evaluation between 2 and 8 years. 

Clin Oral Implants Res. 2013;24(7):806–11.  

82.  Smith RB, Tarnow DP. Classification of Molar Extraction Sites for 



7. BIBLIOGRAPHIC REFERENCES 

93/94 

Immediate Dental Implant Placement: Technical Note. Int J Oral 

Maxillofac Implants. 2013;28(3):911–6.  

83.  Alhayati JZ, Al-Anee AM. Evaluation of crestal sinus floor elevations using 

versah burs with simultaneous implant placement, at residual bone height 

≥ 2.0 _ < 6.0 mm. A prospective clinical study. Oral Maxillofac Surg. 

2022;(0123456789):2–9.  

84.  Rosen PS, Summers R, Mellado JR, Salkin LM, Shanaman RH, Marks 

MH, et al. The bone-added osteotome sinus floor elevation technique: 

multicenter retrospective report of consecutively treated patients. Int J 

Oral Maxillofac Implants [Internet]. 1999;14(6):853–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/10612923 

85.  Younes F, Eghbali A, Goemaere T, Bruyckere T De, Jan Cosyn. Patient-

Reported Outcomes After Lateral Wall Sinus Floor Elevation: A 

Systematic Review. Implant Dent. 2018;27(2):236–45.  

86.  Bacevic M, Compeyron Y, Lecloux G, Rompen E, Lambert F. 

Intraoperative and postoperative outcomes of sinus floor elevation using 

the lateral window technique versus the hydrodynamic transalveolar 

approach: a preliminary randomized controlled trial. Clin Oral Investig. 

2021;25(9):5391–401.  

87.  Farina R, Franceschetti G, Travaglini D, Consolo U, Minenna L, 

Schincaglia G Pietro, et al. Morbidity following transcrestal and lateral 

sinus floor elevation: A randomized trial. Vol. 45, Journal of Clinical 

Periodontology. 2018. 1128–1139 p.  

88.  Gaspar J, Proença L, Botelho J, Machado V, Chambrone L, Neiva R, et 

al. Implant Stability of Osseodensification Drilling Versus Conventional 

Surgical Technique: A Systematic Review. Int J Oral Maxillofac Implants. 

2021;36(6):1104–10.  

89.  Mercier F, Bartala M, Ella B. Evaluation of the Osseodensification 

Technique in Implant Primary Stability: Study on Cadavers. Int J Oral 

Maxillofac Implant. 2022;37(3):593–600.  

90.  Inchingolo AD, Inchingolo AM, Bordea IR, Xhajanka E, Romeo D, Romeo 



COMPARISON BETWEEN OSSEODENSIFICATION AND CONVENTIONAL OSTEOTOMY PROTOCOL 
FOR IMPLANT SITE PREPARATION 
 

94/94 

M, et al. The Effectiveness of Osseodensification Drilling Protocol for 

Implant Site Osteotomy: A Systematic Review of the Literature and Meta-

Analysis. Materials (Basel). 14(5).  

91.  Barberá-Millán J, Larrazábal-Morón C, Enciso-Ripoll JJ, Pérez-Pevida E, 

Chávarri-Prado D, Gómez-Adrián MD. Evaluation of the primary stability 

in dental implants placed in low density bone with a new drilling 

technique, osseodensification: An in vitro study. Med Oral Patol Oral y Cir 

Bucal. 2021;26(3):e361–7.  



 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 8 

 

ANNEXES 

  



 

 

 



 

 

Annex 1. Egas Moniz Ethics Committee Approval | Internal Process nº859 

 

 
 



 

 

Annex 2. Informed Consent for clinical treatment in the Randomized Clinical 

Trial   

 

 



 

 

 

 

 



 

 

Annex 3. Copyright Permission to include Article “Implant Stability of 

Osseodensification Drilling Versus Conventional Surgical Technique: A 

Systematic Review.” 



 

 

Annex 4. Copyright Permission to include Article “Molar Septum Expansion 

with Osseodensification for Immediate Implant Placement, Retrospective 

Multicenter Study with Up-to-5-Year Follow-Up, Introducing a New Molar Socket 

Classification” 

 



 

 

Annex 5. Copyright Permission to include Article “Osseodensification versus 

Lateral Window Technique for Sinus Floor Elevation with Simultaneous Implant 

Placement: A Randomized Clinical Trial on Patient-Reported Outcome 

Measures” 

 


	RESUMO
	ABSTRACT
	LIST OF FIGURES
	ABBREVIATIONS LIST
	CHAPTER 1
	GENERAL INTRODUCTION
	1.1. Bone
	1.1.1. Embryology and Bone Ossification
	1.1.2. Bone Composition
	1.1.2.1. Bone cells
	1.1.2.2. Bone extracellular matrix

	1.1.3. Bone density and different types of bone

	1.2.  Paranasal Sinuses
	1.2.1.  Maxillary Sinus
	1.2.1.1.  Anatomical Considerations
	1.2.1.2. Anatomical Relationship between the Maxillary Sinus and Teeth
	1.2.1.3.  Vascularization and Innervation
	1.2.1.4. Schneiderian Membrane - Microscopic Anatomy and Defensive Role



	CHAPTER 2
	PURPOSE
	CHAPTER 3
	IMPLANT STABILITY OF OSSEODENSIFICATION DRILLING VERSUS CONVENTIONAL SURGICAL TECHNIQUE: A SYSTEMATIC REVIEW
	CHAPTER 4
	MOLAR SEPTUM EXPANSION WITH OSSEODENSIFICATION FOR IMMEDIATE IMPLANT PLACEMENT, RETROSPECTIVE MULTICENTER STUDY WITH UP-TO-5-YEAR FOLLOW-UP, INTRODUCING A NEW MOLAR SOCKET CLASSIFICATION
	CHAPTER 5
	OSSEODENSIFICATION VERSUS LATERAL WINDOW TECHNIQUE FOR SINUS FLOOR ELEVATION WITH SIMULTANEOUS IMPLANT PLACEMENT: A RANDOMIZED CLINICAL TRIAL ON PATIENT-REPORTED OUTCOME MEASURES
	CHAPTER 6
	GENERAL DISCUSSION, CONCLUDING REMARKS AND FUTURE DIRECTIONS
	6.1. General Discussion
	6.2. Concluding Remarks
	6.3. Future Directions

	CHAPTER 7
	BIBLIOGRAPHIC REFERENCES

