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RESUME

Les implants dentaires sont des dispositifs médicaux invasifs à visée prothétique et pour ce faire doivent s'intégrer à l'os par un processus appelé ostéointégration. Le terme «ostéointégration» est synonyme d'un contact au sens physique et biologique entre la surface d'un implant et l'os vivant environnant, ces interactions doivent perdurer dans un contexte mécanique et bactériologique défavorable au cours du temps.

Historiquement, le Titane (Ti) et ses alliages sont considérés comme des matériaux de choix pour la majorité des implants orthopédiques et dentaires à cause de leur biocompatibilité et de leurs bonnes propriétés mécaniques. L'ostéointégration clinique n'est pas synonyme d'une interactivité os-implant totale. Aussi existe-t-il des échecs immédiats et ultérieurs dans l'implantologie actuelle. Des travaux expérimentaux biologiques et physico-mécaniques se poursuivent dans le but de mieux appréhender ces phénomènes d'interactivité et si possible d'augmenter la qualité de cette dernière.

Les effets des propriétés de surface sur l'ostéointégration de l'implant ont été pointés dans un certain nombre d'études. En outre, il a été rapporté que la prolifération et la différenciation des ostéoblastes et l'interaction des protéines sont influencées tant par la morphologie de la surface de l'implant que de sa chimie, aussi les nouvelles approches visent à modifier les propriétés topographiques et chimiques des surfaces d'implants dentaires. Ces tentatives peuvent également répondre à des situations cliniques difficiles comme pallier à une mauvaise qualité ou une faible quantité osseuse. L'optimisation du processus d'ostéointégration des implants dentaires peut améliorer en parallèle les procédures et les techniques chirurgicales telles que des mises en fonction plus rapides.

La nanostructuration est une technique prometteuse pour produire des surfaces dont la topographie et la chimie sont contrôlées. Les morphologies obtenues permettent de moduler le comportement des cellules et de modifier les interactions entre protéines et surface. Elles fournissent une plus grande surface pour l'adhérence des cellules, donc améliorent l'ostéointégration et accélèrent la cicatrisation après la pose de l'implant.

En plus de la topographie de la surface, la composition chimique est également essentielle pour l'adsorption des protéines et l'adhésion des cellules. Récemment, des compositions de phosphate de calcium (CaP) ont été largement utilisées comme revêtements pour les surfaces de titane afin d'accroitre leurs propriétés biologiques et leur bioactivité. Suite à l'implantation, la libération de phosphate de calcium dans la région péri-implantaire augmente la saturation des fluides corporels et en conséquence augmente la précipitation de l'apatite biologique sur la surface de l'implant.

Bien que le revêtement de CaP puisse être incorporé tel quel, il peut également être dopé avec des ions et/ou des molécules thérapeutiques comme des facteurs de croissance, des protéines ou bien des antibiotiques afin de combiner, en les contrôlant, plusieurs agents à visée thérapeutique ciblée. L'objectif de cette thèse est de créer de nouvelles surfaces de titane nanostructurées et fonctionnalisées avec des revêtements bioactifs et d'étudier leurs propriétés physicochimiques pour développer de meilleurs modèles d'implants dentaires afin d'optimiser la formation osseuse interfaciale et favoriser ainsi le processus d'ostéointégration.

Dans le chapitre I, nous présentons les études déjà réalisées dans ce domaine en expliquant les principes biologiques de base des implants dentaires et l'effet des priorités de surface sur le processus d'ostéointégration. Les méthodes de modification de surface sont brièvement discutées.

Dans le chapitre II, nous présentons les techniques d'analyse utilisées dans ce travail pour réaliser la caractérisation physico-chimique de la surface de TiO 2 . Dans ce travail, la Spectrométrie de Photoélectrons X (XPS) et la Spectroscopie Infrarouge (Infrared Reflection-Absorption Spectroscopy, IRRAS) sont utilisées pour étudier la chimie interfaciale et caractériser les espèces adsorbées. La microscopie électronique à balayage (MEB) est également utilisée pour caractériser la topographie des surfaces.

Le chapitre III concerne la double fonctionnalisation de la surface du titane par modifications topographiques (formation de nanotubes) et chimiques (dépôt de revêtements fonctionnels).

Nous avons commencé par la nanostructuration de surface de TiO 2 en appliquant la méthode d'anodisation afin de créer des nanotubes de TiO 2 alignés perpendiculairement à la surface. Les propriétés à l'échelle nanométrique peuvent être maîtrisées par l'ajustement des paramètres d'anodisation tels que le potentiel, le temps et la température. L'anodisation des échantillons de titane a été réalisée en utilisant une cellule électrochimique composée d'une électrode de référence, une électrode de platine et de l'électrode de travail (titane). Les échantillons ont été anodisés à 8,5V à la température ambiante pendant 600s dans un électrolyte d'acide acétique et HF 0,5%.

La surface de titane anodisée présente des nanotubes de TiO 2 amorphes alignés en structure compacte perpendiculairement à la surface avec un diamètre moyen d'environ 35 nm. La formation d'un film mince d'oxyde de titane nanostructuré a été visualisée par MEB et confirmée par XPS et spectroscopie infrarouge qui révèle une large bande d'adsorption (700-1000cm -1 ) attribuables aux modes de vibrations des liaisons chimiques Ti-OH et Ti-O.

Dans la deuxième partie de ce chapitre, nous avons évalué l'aptitude d'une telle nanostructure à adsorber de petites molécules telles que les ions phosphate et observer les espèces adsorbées. Nous avons également évalué l'influence d'un prétraitement alcalin sur l'adsorption de phosphate. Deux méthodes de déposition ont été utilisées ; la première consiste simplement en l'immersion des échantillons dans les solutions de phosphate et la seconde consiste à l'électrodéposition standard en utilisant une cellule électrochimique classique de trois électrodes avec des solutions aqueuses des molécules étudiées à température ambiante et potentiel constant.

A partir de l'analyse des spectres IRRAS des échantillons étudiés, nous avons constaté que phosphate est adsorbé par les nanotubes (nT-TiO 2 ) sous forme de deux types de complexes. Un prétraitement des nanotubes de TiO 2 par NaOH conduit à la croissance d'une couche de titanate de sodium sur la surface (nT-TiO 2 ) au bord des nanotubes.

Les spectres IRRAS des échantillons prétraités par NaOH, après adsorption de phosphate, présente un pic dominant à environ 870 cm -1 que nous associons à un complexe tri-coordonné, qui confirme que le prétraitement alcalin induit une adsorption moléculaire plus forte.

La troisième partie de ce chapitre étudie la nucléation et la croissance des CaP et CaP dopé par Sr (CaPSr) in vitro par électrodéposition pulsée à la température ambiante.

Le strontium Sr est utilisé comme un substituant ionique pour optimiser la formation osseuse car conformément à des études antérieures, la présence de Sr à l'interface entre l'implant et l'os favorise l'ostéointégration et augmente les chances de succès de l'implant.

La topographie et la chimie du revêtement sont évaluées en fonction du temps de dépôt par MEB, XPS et IRRAS.

Les images MEB des échantillons revêtus avec CaP et CaPSr ont montré que les dépôts se développent sur les bords extérieurs des nanotubes de TiO 2 traduisant que ces bords sont les sites les plus réactifs de la surface des nanotubes. Ces sites agissent comme des points d'ancrage du revêtement. Le taux de recouvrement de surface par les dépôts croit en fonction de temps et les nanoparticules de CaP ancrées sur les bords des nanotubes finissent par s'agréger et recouvrir toute la surface du matériau.

À partir des spectres XPS, nous déduisons que pour le CaP non-dopé, le rapport de concentration entre calcium et phosphore est de l'ordre de [Ca]/[P] = 1,30. La déconvolution des pics de O 1s et P 2p nous indique un composé riche en OH. Dans le cas d'un composé désordonné amorphe (Amorphous-Calcium-Phosphate) développé dans un milieu alcalin avec une déficience en calcium, une gamme de composition d'ACP peut être représentée par les formules suivantes: Ca 9-y (PO 4 ) 6-x (HPO 4 ) x (OH) x-2 .

La quantification par photoémission suggère un composé de type Ca 4 (HPO 4 ) 3 (OH) 2 .

Dans les mêmes conditions d'élaboration électrochimique du dépôt de CaPSr, le rapport [Ca]/ [P] est de l'ordre de 1,0. Dans ce cas nous devons avoir un composé tel que Ca 1-x Sr x HPO 4 . Il a été remarqué aussi que le rapport [O]/[P] est > 4,0 ce qui signifie que les revêtements sont fortement hydratés.

Pour les revêtements de CaP non-dopé, les spectres IRRAS révèlent des vibrations symétriques et asymétriques à 1030-1100 et 900 cm -1 confirmant la nature apatitique des films de CaP formés sur tous les substrats. Les spectres IR et XPS ont clairement montré que l'addition de Sr dans la couche de CaP favorise un composé non-apatitique de Ca 1-x Sr x HPO 4 qui est de type brushitique et similaire au DCPA (Phosphate dicalcique anhydre) ou au DCPD (Phosphate dicalcique dihydraté), tandis que le revêtement de CaP non-dopé ressemble à un composé d'apatite amorphe (ACP). Il a été rapporté que les composés non-apatitiques sont plus solubles aux milieux biologiques que ceux de type apatitiques. Ainsi, l'addition de strontium présente le double avantage de supporter les mécanismes de la croissance cellulaire et d'obtenir une phase inorganique plus facilement bio-résorbable que les composés apatitiques lorsqu'ils sont utilisés pour les implants dentaires.

Dans le chapitre IV, nous avons étudié les propriétés d'adsorption des surfaces fonctionnalisées par interaction avec une protéine, la BSA (sérum albumine bovine).

Nous avons réalisé l'adsorption de BSA sur nanotubes vierges (nT-TiO 2 ), nanotubes revêtues par CaP (CaP.nT-TiO 2 ) et nanotubes revêtues par CaP dopé par Sr (Sr.CaP.nT-TiO 2 ) afin d'évaluer l'influence de la nature chimique de la surface sur l'adsorption de la protéine. De plus, nous avons étudié l'influence du pH de la solution sur l'adsorption de la protéine. L'interaction BSA-surface a été réalisée par immersion des échantillons dans des solutions des BSA à 0.1gL -1 et trois valeurs de pH; acide~4.5, neutre~7.0, et basique~10.0 ont été étudiées. Afin d'étudier qualitativement l'adsorption de BSA sur les différentes surfaces, nous avons déconvolué les spectres infrarouges obtenus en fonction de la quantité de BSA adsorbée sur la surface. On a regardé l'intensité de la bande amide I situé dans une région spectrale 1600-1700 cm -1 . Nous avons également étudié le rapport des bandes d'absorption Amide I et Amide II qui peut être relié à la modification de structure et/ ou des géométries d'adsorption. Nous avons constaté que l'adsorption de la BSA dépend fortement des caractéristiques physico-chimiques de la solution et de la surface.

Ces observations peuvent être exploitées pour concevoir une fonctionnalisation de la surface d'implant afin d'améliorer l'adhésion et la colonisation cellulaire. L'évaluation de l'adsorption des protéines et leur conformation et aussi les interactions protéineprotéine peut offrir une très bonne base de données pour comprendre ses interactions avec les cellules adhérentes dans les premiers stades de la colonisation cellulaire.

INTRODUCTION AND OBJECTIVES

Titanium has been a material of choice for many orthopaedic and dental implants due to its biocompatibility and good mechanical properties. Despite all these excellent properties, a true adhesion between the bone and the metal surface has not yet been observed because of insufficient bone-implant contact (BIC) and fibrous encapsulation which may not always ensure proper biomechanical fixation and lead to the failure of medical implants. The need for improved healing response and increased speed of osseointegration of the biomaterial with the host tissue is still a relevant topic. In order to improve both the short and long-term osseointegration of titanium dental implants, a few strategies should be considered. These trends concern the modification of the topographical and chemical proprieties of dental implant surfaces as surface priorities have great influence on the success of the osseointegration of the implant These attempts may also respond to difficult clinical situations with poor bone quality and quantity and enhance the osseointegration process of dental implants and consequently improve surgical procedures (e.g. immediate loading) and further results of the prostheses and long-term success.

Nanostructuration may produce surfaces with controlled topography and chemistry that could help developing novel implant surfaces with predictable tissue-integrative properties. Such topography was reported to modulate cell behavior, alter protein interactions with the surface and provide a very high surface-to-volume ratio for more cells adhesion, thus enhance the osseointegration and accelerate the wound healing following implant placement.

Beside surface topographical features, surface chemical composition and local atomic charges are critical for protein adsorption and cell attachment. Recently, Calcium phosphate compositions CaPs have been widely used as a coating for metallic prostheses to improve their biological properties. Such coatings enhance the bioactivity of titanium surface and favor their biocompatibility, thus promote cellular adhesion to the implant surface. Furthermore, such CaP coating could be incorporated or doped with several therapeutic ions and molecules or even growth factors, proteins and antibiotic in order to combine many controlled positive agents on the implant surface and get better results.

The objective of the present thesis is to create new functionalized nanostructured surfaces with bioactive coatings and to study the physicochemical priorities of these surfaces to develop better dental implants designs in order to optimize their interfacial bone formation and thus promote their osseointegration process.

In Chapter I, bibliographic reports will be reviewed, explaining the basic biological principles of dental implants and the effect of surface priorities on the osseointegration process. Also in this chapter, surface modification methods will be briefly discussed.

In Chapter II, we will present the analysis techniques for the physicochemical characterization of TiO 2 surface. In this work both X-ray photoelectron spectroscopy (XPS) and infrared spectroscopy (IR) are used as sensitive powerful tools to investigate interfacial chemistry and chemical bonds of adsorbed species. Also scanning electron microscopy (SEM) is used to characterize surface topographical priorities.

Chapter III will discuss the functionalization of TiO 2 surface by specific physicochemical modifications targeting the topographical and chemical features of TiO 2 surfaces. Starting with TiO 2 surface nanostructuring by anodization method in order to create controlled TiO 2 nanotubes which have nucleation reactive sites that cannot be existed on traditional bulk TiO 2 thin films.

The second part of this chapter will be an evaluation of the adsorption of small molecules such as phosphate to test nanostructured TiO 2 surface reactivity and to observe the bonding behavior between phosphates and TiO 2 nanotubes. The influence of alkaline pretreatment on the reactivity of TiO 2 nanotubes and phosphate adsorption will be presented too.

The third part of this chapter will discuss the development of CaP calcium phosphate coatings on the TiO 2 nanotubes by pulsed electrodeposition. In this part we will study the surface treatment and coating with calcium phosphate and (Sr) strontium doped calcium phosphate. Strontium is used as an ion substitution that optimizes bone formation as it is believed that its presence in the interface between the implant and the bone via a calcium phosphate coating will enhance osseointegration, and thus ensure the success of the implant. The coating morphology and chemistry will be evaluated at different levels of deposition discussing the effect of Sr on CaP coating structure, adsorption and growth onto TiO 2 nanotubes.

In Chapter IV, we will study the adsorption properties of these doubly functionalized surfaces by investigating the adsorption of proteins such as BSA (bovine serum albumin). In this chapter, BSA-nT-TiO 2 , BSA-CaP and BSA-CaPSr interfaces were investigated in order to compare the differences in adsorption capability between different functionalized surfaces. Actually, we'll discuss the influence of pH solution on adsorption processes by changing the charge state of the protein and the oxide surface.

So in general this work will be a physicochemical functionalization of TiO 2 surfaces that may offer a good idea to develop dental implant design and enhance this performance in the living body.

CHAPTER I Bibliographic Review

Dental implants: Biological review

Oral implants are inert alloplastic materials which integrated into the bone of the maxilla and/or mandible, serving as abutments for prosthetic restorations instead of missing teeth or for the restoration of damaged/lost oro-facial structures, as a result of trauma, neoplastic or congenital defects in the bone [START_REF] Pye | A review of dental implants and infection[END_REF].

The most commercially and clinically accepted and used dental implants are the Ti screw-shaped endosseous ones because of their high stability at insertion and their bio-mimesis.

A typical implant is formed by 3 main bodies: (Fig. Clinically, Brånemark's protocol of the implantation procedure [4] involves two stages (Fig 1 .2, Fig 1 .3). The first is installing the implant in a surgical cavity in the bone followed by a healing period to allow tissue rebuilding. The waiting time for bone healing depends on bone quality and the region in which the implant was placed and was estimated by Brånemark as between 3-6 months. The second stage is the prosthesis connecting when a precise impression of the site is taken before the construction and attachment of the abutment preparation which, can range from a single crown or a prosthetic restoration containing multiple teeth to restoration of an entire denture of edentulous arch. With the permanent progressing of dental implant systems, it was required to shorten the long healing periods between procedures stages which can be one of the disadvantages of implantation.

According to Brånemark's theory it was suggested that early loading would lead to encapsulation of the implant leading to failure. But recent studies have reported otherwise [START_REF] Rosenlicht | Immediate implant placement and immediate provisionalization: Steps for integration[END_REF][START_REF] Romanos | Present status of immediate loading of oral implants[END_REF] suggesting that insertion of the implant and prosthesis placement can be made in a single step. In this case, the protocol is called immediate loading.

Dentists are interested in reducing the healing time after first stage but it should be taken in consideration that the body has a minimum time to perform the reactions that lead to osseointegration. Thus to shorten the healing time, they were more oriented toward controlling the biocompatibility of titanium implant surfaces, modifying the surgical technic and changing the implant design. [7]

1.1.Bone tissue

Bone is a connective tissue formed of cells and a mineralized extracellular matrix. It contains about, 25% organic matrix, 10% water and the rests are crystallized mineral salts [START_REF] Solomon | Human anatomy & physiology ed.2nd 1990[END_REF]. The main composing mineral is calcium phosphate (Ca 3 (PO 4 ) 2 ), which combines with calcium hydroxide (Ca(OH) 2 ) to form calcium hydroxyapatite crystals which in turn combine with other mineral salts like calcium carbonate (CaCO 3 ) and ions such as Mg +2 . These minerals are deposited in the collagen fibers structure of the extracellular matrix; get crystallized and thus hardening the tissues. This calcification is initiated by bone forming cells which called osteoblasts. [START_REF] Somayajula | Biocompatibility Of Osteoblast Cells On Titanium Implants[END_REF] Fig. 1.4. Bone cells [START_REF] Peterson-Ford | PhD apetersonford@collin.edu Chapter 6 Bones and Skeletal Tissue, The hyman body[END_REF] Four types of cells exist and maintain bone formation, resorption and maintenance; osteogenic cells, osteoblast cells, osteocytes, and osteoclasts. (Fig. 1.4) Osteoblast cells are bone building cells. They secrete collagen type-1 fibers and save extracellular matrix containing calcium hydroxyapatite and get intercepted to become osteocytes. Osteocytes help in exchanging the nutrients and wastes with blood stream.

They do not undergo any further cell division. Osteoclasts are multinucleated cells which release lyzosomal enzymes and acids and thus help in resorbing fractured or damaged bone. [START_REF] Somayajula | Biocompatibility Of Osteoblast Cells On Titanium Implants[END_REF][START_REF] Atala | Principles of Regenerative Medicine[END_REF] Mechanical properties of the bone Bone is a relatively hard and lightweight material. It has relatively high compressive strength of about 170 MPa (1800 kgf/cm²) but poor tensile strength of 104-121 MPa and very low shear stress strength (51.6 MPa), [START_REF] Turner | Shear Strength and Fatigue Properties of Human Cortical Bone Determined from Pure Shear Tests[END_REF] meaning it resists well pushing forces, but not pulling or torsional forces. Modulus of elasticity of bone samples are estimated about 420 to 700 kg/cm 2 . [START_REF] Turner | Shear Strength and Fatigue Properties of Human Cortical Bone Determined from Pure Shear Tests[END_REF] Bone mineral structure ; Bone miner has a structure represented by the formula [START_REF] Rey | Calcium phosphate biomaterials and bone mineral. Differences in composition, structure and properties[END_REF] Ca 8.3 □1.7(PO 4 ) 4.3 (CO 3 ) 1 (HPO 4 ) 0.7 (OH,CO 3 ) 0.3 □ 1.7 □=lacuna Bone mineral apatite has non-apatitic carbonate and phosphate groups, which are unstable and very reactive compounds that provide certain physicochemical, biological and functional features for the crystals formation and dissolution in biological tissues . Bone contains also minor or trace elements, which are not indicated in the above formula [START_REF] Rey | Calcium phosphate biomaterials and bone mineral. Differences in composition, structure and properties[END_REF].

1.2.Biomaterials used in implantology: Titanium

The most important property of materials used for implants is biocompatibility [START_REF] Elias | Biomedical Applications of Titanium and its Alloys[END_REF].

Common metallic biomaterials are stainless steels, cobalt alloy (Co-Cr alloys), titanium and its alloys.

Among bio-metals, titanium alloys have high biocompatibility, strength, low density and good corrosion resistance, attributing the best requirements for biomedical applications [START_REF] Elias | Biomedical Applications of Titanium and its Alloys[END_REF].

Titanium is element number 22 in the periodic table; it was discovered by William

Gregor in 1795. [START_REF] Krebs | The History and Use of Our Earth's Chemical Elements: A Reference Guide[END_REF] It has high strength-to-weight ratio with a density of 4.5 g/cm 3 (0.16 lb/in. 3 ) and still functional at high temperatures (370 to 590 °C) with a corrosion resistance that is superior to both steel and aluminum alloys. [START_REF] Krebs | The History and Use of Our Earth's Chemical Elements: A Reference Guide[END_REF] Furthermore, Titanium is considered as the most biocompatible of all metals due to its ability to resist body fluids attack, stay inert in the human body and bear functional pressures and loads during use. [START_REF] Valiev | Bulk Nanostructured Materials from Severe Plastic Deformation[END_REF] These features are due to the protective oxide film that forms naturally in the presence of oxygen. [START_REF] Valiev | Bulk Nanostructured Materials from Severe Plastic Deformation[END_REF] This oxide film is highly adherent, insoluble, and chemically non transportable, preventing reactions from occurring. It has the inherent ability to osseointegrate, enabling its use for dental implants that can remain in place for longtime. Compatibility with MRI (Magnetic Resonance Imaging) and CT (Computed Technology) also contribute to the selection of titanium as the material of choice in orthopedic applications.

Titanium is often alloyed with about 4% aluminum [START_REF] Emsley | Titanium". Nature's Building Blocks: An A-Z Guide to the Elements[END_REF] or 6% Al and 4% vanadium.

(Which is Grade 5 of Titanium alloys and also known as Ti6Al4V, Ti-6Al-4V or Ti 6-4) which had far superior mechanical strength. [START_REF] Emsley | Titanium". Nature's Building Blocks: An A-Z Guide to the Elements[END_REF][START_REF] Albrektsson | Interface analysis of titanium and zirconium bone implants[END_REF] Biomedical applications Titanium is the standard material of choice for orthopedic devices such as artificial hip joints (total and partial hip replacement), bone screws, knee joints replacement, spinal fusion cages, shoulder and elbow joints, and bone plates. [START_REF] Liu | Surface modification of titanium, titanium alloys, and related materials for biomedical applications[END_REF] (Fig. 1.5). Subperiosteal implants [START_REF] Stathopoulos | Effect of titanium maxillofacial implants and osteosynthesis materials on platelet function[END_REF] consist of a custom-cast framework which stays on the bone surface beneath the muco-periosteum. Transosteal implants can only be placed in the frontal lower jaw while endosseous implants can be placed in both the upper and lower jaws via a muco-periosteal incision. Titanium alloys are also used in osteosynthesis implants [START_REF] Pohler | Unalloyed titanium for implants in bone surgery[END_REF] including bone screws, bone plates, maxillofacial implants, etc. Bone screws are used as single screws for direct bone fixation for the fixation of plates or other devices to the bones. Titanium is also used for the surgical instruments used in image-guided surgery and all products or instruments which require both high strength and low weight.

1.3.Osseointegration of dental implants

A Swedish orthopedic surgeon Dr. Per-Ingvar Brånemark in the late 1950's found out by chance the conception of osseointegration [START_REF] Brånemark | Vital microscopy of bone marrow in rabbit[END_REF][START_REF] Brånemark | Osseointegration and its experimental background[END_REF] but it was only until 1965 when his concept of osseointegration was applied clinically for the very first time [START_REF] Brånemark | Intra-osseous anchorage of dental prostheses. Experimental studies[END_REF] The term "osseointegration" was defined as a functional and structural contact between the surface of an implant and the surrounding living bone that last under functional loading without any symptoms [4]. Later, osseointegration was defined as"

The process whereby clinically asymptomatic rigid fixation of alloplastic materials is achieved, and maintained, in bone during functional loading" [START_REF] Albrektsson | Current interpretations of the osseointegrated response: Clinical significance[END_REF] An implant is considered to be osseointegrated when there is an absence of movement between the implant and bone under normal loading conditions following a defined healing period. This is a result of direct bone integration with implant surface without formation of a poorly vascularized collagenous capsule, called fibrous encapsulation.

Different factors determine the progress of osseointegration, including the implant's material properties, form and surface characteristics, mechanical load, surgical technic, location and local quality of the host bone [START_REF] Puleo | Understanding and controlling the bone-implant interface[END_REF].

The mechanisms of implants osseointegration are as follows; An initial surgical injury is caused through creation of the implant cavity, then, the necrotic tissue is resorbed and new matrix is formed to close the gap between bone and implant [START_REF] Puleo | Understanding and controlling the bone-implant interface[END_REF]. For good anchorage of the implant, primary bone healing is required to insure immediate stability, this is characterized through direct precipitation of new bone at the interface with a minimal distance (< 1μm) between implant and bone [START_REF] Pohler | Unalloyed titanium for implants in bone surgery[END_REF].

Bioactive coated materials bond to bone tissue through chemical bridges that are mediated by calcium and phosphorus ions, while the non-coated titanium implants bond to bone through weak Van Der Waals and hydrogen bonds [START_REF] Cooper | Cellular interactions at cp Ti implants[END_REF]. Thus, chemical compositions of oxide and surface state have great influence on the occurrence of strong bonds [START_REF] Elias | Factors Affecting the Success of Dental Implants, Implant Dentistry -A Rapidly Evolving Practice[END_REF].

Histologically, osseointegration is identified by the presence of regenerated bone at the implant-bone interface [START_REF] Cooper | Cellular interactions at cp Ti implants[END_REF][START_REF] Menezes | Osteoblast Adhesion onto Titanium Dental Implants[END_REF]. Microanalysis and tracing of chemical elements in the region around the implant indicated the presence of titanium, calcium and phosphorus, confirming the bone mineralization [START_REF] Menezes | Osteoblast Adhesion onto Titanium Dental Implants[END_REF].

The implant healing starts by an initial formation of a blood clot followed by a cellular activation and osteoblast differentiation and finally bone mineralization [START_REF] Osborn | Biomaterials and their application to implantation[END_REF]. (Fig. 1.9) Fibrinogen is converted to fibrin and also kinin and other systems become activated. [START_REF] Anil | Dental Implant Surface Enhancement and Osseointegration, Implant Dentistry -A Rapidly Evolving Practice[END_REF]. Activation of platelets (a rich source of growth factors) occurs as a result of their interaction with the implant surface and the fibrin scaffold which leads to blood clotting [START_REF] Anil | Dental Implant Surface Enhancement and Osseointegration, Implant Dentistry -A Rapidly Evolving Practice[END_REF]. Protein adsorption by implants surface depends on the surface properties of the material. Thus, dental implants were developed with high hydrophilic and rough surfaces to obtain better protein adsorption. [START_REF] Albrektsson | Osseointegrated titanium implants[END_REF] The micro-mechanism of the bone-implant connection (BIC) depends on specific surface chemical properties. According to Albrektsson et al. [START_REF] Albrektsson | Ultrastructural analysis of the interface zone of titanium and gold implants[END_REF], commercially pure titanium implants (cp.Ti) were shown to form very close contacts with bone.

(Fig. 1.10). Many other studies confirmed those reports, indicating that cp.titanium is perfectly compatible with tissues. [START_REF] Liu | Surface modification of titanium, titanium alloys, and related materials for biomedical applications[END_REF][START_REF] Anil | Dental Implant Surface Enhancement and Osseointegration, Implant Dentistry -A Rapidly Evolving Practice[END_REF] Surface characteristics influence the binding capacity of fibrin and the growth factors release, thereby affecting the mesenchymal cells migration [START_REF] Puleo | Understanding and controlling the bone-implant interface[END_REF]. Titanium materials have perfect fibrin retention on their surface. Through this fibrin matrix, osteogenic cells migrate to the implant surface and create bone directly on the surface. Davis [START_REF] Davies | Understanding peri-implant endosseous healing[END_REF] termed this phenomenon as de novo bone formation through contact osteogenesis.

Upon arrival to the surface, the differentiated osteogenic cells secrete the collagen-free matrix for the mineralization by calcium and phosphate precipitation. This matrix consists of non-collagenous proteins (mostly osteopontin and bone sialoprotein) and proteoglycans. [START_REF] Davies | Understanding peri-implant endosseous healing[END_REF] [START_REF] Haugen | Porous ceramic titanium dioxide scaffolds promote bone formation in rabbit peri-implant cortical defect model[END_REF].

After the calcium phosphate precipitation, the formation and mineralization of collagen fibers start by establishing a non-collagenous tissue between the implant surface and the calcified collagen through osteogenesis. This intermediary tissue is very important to understand the bonding mechanism between bone and a bioinert titanium implant.

After that, woven bone formation and organization of trabecular bone start to take place for the reconstitution of the damaged bone at the peri-implant area [START_REF] Chappard | The early remodeling phases around titanium implants: a histomorphometric assessment of bone quality in a 3-and 6-month study in sheep[END_REF]. At three months of healing the implant is mostly surrounded by a mixture of woven and lamellar bone [START_REF] Chappard | The early remodeling phases around titanium implants: a histomorphometric assessment of bone quality in a 3-and 6-month study in sheep[END_REF].

Challenges and advancing in dental implantology

Implantology is always progressing and over the years, many different implant systems have been introduced in many designs and for different indications.

Although the high success rates reported for many implant systems [START_REF] Fiorellini | Longitudinal studies of implant systems[END_REF], failures leading to implant removal still occur. The failure rates in the edentulous maxilla and mandible are reported about 10% and 3%, respectively [START_REF] Esposito | Biological factors contributing to failures of osseointegrated oral implants. (I).Success criteria and epidemiology[END_REF]. Failure rates were higher in the posterior maxilla (19.1%) and anterior maxilla (16.82%), while mandibular failure rates were between 4% and 5%. Studies reported that success rate of standard implants (D>3mm), after a 5 years survey, varies between 87,9% and 91,2%. [START_REF] Ashley | Ailing and failing endosseous dental implants: a literature review[END_REF].

Implants fail for many reasons; biological factors, biomechanical and biomaterial factors, implant surface treatments (e.g., etching, coating), insufficient quality and/or quantity of bone to support the implant fixture, the surgical technique, implant location, systemic health of the patient; etc. [START_REF] Levin | The effect of cigarette smoking on dental implants and related surgery[END_REF][START_REF] Adell | A15-year study of osseointegrated implants in the treatment of the edentulous jaw[END_REF] Implant failure is defined as the insufficiency of the host tissue to establish or to maintain osseointegration [START_REF] Esposito | Biological factors contributing to failures of osseointegrated oral implants. (I).Success criteria and epidemiology[END_REF]. Failing implants are characterized by loss of supporting bone, mobility and peri-implant radiolucency. Patients feel spontaneous pain as well as pain on clenching, percussion or palpation. Deep pockets may present also. Peri-implantitis is the destructive inflammatory process affecting the soft and hard tissues surrounding dental implants causing their failure. The higher rates of many systems implant failure due to peri-implantitis has been attributed to differences in implant design and surface characteristics [START_REF] Esposito | Biological factors contributing to failures of osseointegrated oral implants. (I).Success criteria and epidemiology[END_REF] In 1986, Albrektsson et al, [START_REF] Albrektsson | The long term efficacy of currently used dental implants: a review and proposed criteria of success[END_REF] suggested success criteria for Marginal bone loss (MBL). During the first year after abutment connection, 1 mm of MBL is allowed followed by 0.2 mm per year. Today, these criteria are still referred to as the "gold standard" for implant success. According to Albrektsson [START_REF] Albrektsson | The long term efficacy of currently used dental implants: a review and proposed criteria of success[END_REF], factors that determine the achievement of osseointegration include; biocompatibility of the implant material, implant design, implant surface conditions, the host bed and the surgical technique.

Since then, many studies were developed to achieve the requirements for successful implant systems (i.e., mechanical compatibility, biological compatibility, and morphological compatibility) [START_REF] Oshida | Requirements for successful biofunctional implants[END_REF] by altering surface characteristics to get over the implantation difficulties, obtain better osseointegration and reduce the tissue healing time for immediate loading of implants essentially in aesthetic cases.

Surface modification

The implant design has a key role in the primary stability and following functions.

Many techniques were applied to improve commercial implants systems and to enhance their biological and functional priorities.

Implant surface characteristics play a key role in the success of osseointegration.

Therefore, many researchers were interested in optimizing the biological response using surface modification approaches [START_REF] Oshida | Requirements for successful biofunctional implants[END_REF][START_REF] Mendonça | The combination of micron and nanotopography by H(2)SO(4)/H(2)O(2) treatment and its effects on osteoblast-specific gene expression of hMSCs[END_REF]. Implants surface characteristics, such as nano/micro-topography, and chemical composition, have a great influence on the osseointegration outcomes [START_REF] Dee | An Introduction To Tissue-Biomaterial Interactions[END_REF].

Although titanium is preferable compared to other implant metals, still, its osteoconductivity is lower than calcium phosphate (CaP) based bio-ceramics. [START_REF] Mendonça | The combination of micron and nanotopography by H(2)SO(4)/H(2)O(2) treatment and its effects on osteoblast-specific gene expression of hMSCs[END_REF][START_REF] Dee | An Introduction To Tissue-Biomaterial Interactions[END_REF] For this reason, studies have focused on improving titanium bioactivity and providing a higher osteoconductivity to the bulk material by altering the surface properties to increase the local quantity and quality of osseous tissue at the interface, especially in regions of the jaw such as the edentulous posterior maxillae where the cortical thickness is frequently insufficient for the primary stability.

Surface morphology and roughness have been shown to alter the cellular response to dental implants by affecting their biomechanical properties and providing a greater amount of bone connected to implant surface. [START_REF] Elias | Improving osseointegration of dental implants[END_REF]. (Fig. 1.12) Moreover, surface chemistry is another key factor for bone-implant apposition, since it influences biological and the chemical reactions with the physiologic environment.

Wettability and surface energy also influence the adsorption of proteins, and increase adhesion of osteoblasts on the implant surface.

The expressions of specific growth factors for osteoblasts are higher on hydrophilic surfaces than hydrophobic ones; consequently, dental implants manufacturers have developed high hydrophilic and rough implant surfaces which in turn exhibited better osseointegration than implants with smooth surfaces. [START_REF] Elias | Improving osseointegration of dental implants[END_REF]. 

3.1.Surface roughness of dental implants /Topographical modifications

Several implant-related factors such as surface topography, chemical composition and surface roughness that influence osseointegration have been studied. It has been shown that titanium implants with adequate roughness may influence the initial stability of implants, enhance BIC (bone-to-implant contact), and may increase removal torque force. [START_REF] Wennerberg | Effects of titanium surface topography on boneintegration: a systematic review[END_REF] The first generation of dental implants, termed the turned implants (machined dental implants), had a relatively smooth surface. Thus, osteoblastic cells can't grow along the grooves existing on the surface due to manufacturing tools. This characteristic requires a longer waiting time between surgery and implant loading. The use of these implants follows the protocol suggested by Brånemark i.e., 3-6-month healing or waiting time prior to loading. [4] Due to morphological characteristics, lower resistance to removal torque and relative lesser success ratios, machined dental implants are becoming commercially unavailable.

Progressively, experiments with bioactive physicochemical surface modification to develop new implant surfaces encouraged new considerations of improvements in bone formation at the implant surface. [START_REF] Mendonça | Advancing dental implant surface technology -From micronto nanotopography[END_REF] The main clinical indication for using a rough surface implant is the poor quality or volume of the host bone. In these situations, early and high bone-to-implant contact would be beneficial for allowing stability and tolerance. In such cases, short designed implants with a rough surface have demonstrated superior clinical outcomes than smooth turned surfaces [START_REF] Conner | Guided bone regeneration around titanium plasma-sprayed, acid-etched and hydroxyapatitecoated implants in the canine model[END_REF]. Several in vivo and clinical studies have suggested a positive correlation between surface roughness and BIC [START_REF] Wennerberg | On implant surfaces: a review of current knowledge and opinions[END_REF].

The surface roughness of the titanium implants can significantly alter the osseointegration process due to the fact that cells react differently to smooth and rough surfaces. Fibroblasts and epithelial cells adhere stronger to smooth surfaces, whereas osteoblastic proliferation and collagen synthesis are increased on rough surfaces [START_REF] Wennerberg | Suggested guidelines for the topographic evaluation of implant surfaces[END_REF]. Therefore, such selective cell adhesion property offers an advantage of a roughened surface with respect to its potential to induce true direct bone contact but not unfavorable integration such as fibro-osseous integration. [START_REF] Wennerberg | Suggested guidelines for the topographic evaluation of implant surfaces[END_REF]. However, it is possible that implant materials with a rough surface topography induce a three-dimensional growth of cells, promoting osteoblast and mesenchymal cells differentiation by activation of several osteogenic-associated genes, e.g. core-binding factor 1 (Cbfa1), collagen, alkaline phosphatase, osteonectin, osteopontin and bone sialoprotein. [START_REF] Zhao | Osteoblastlike cells are sensitive to submicron-scale surface structure[END_REF].

Implant surface with various roughness have been used to increase the total area available for osseointegration, and to have a larger surface to get a better mechanical interaction. Implant surface roughness is divided, depending on the dimension of the measured surface features into macro, micro, and nano-roughness [START_REF] Wennerberg | Bone tissue response to commercially pure titanium implants blasted with fine and coarse particles of aluminum oxide[END_REF][START_REF] Shalabi | Implant surface roughness and bone healing: a systematic review[END_REF]. (Fig. 1.13) Macro roughness comprises features in the range of millimeters to tens of microns while micro roughness is determined at the range of 1-10 μm. However, with this scale, peri-implantitis may increase with an increase in ionic leakage. A moderate roughness of 1-2µm may limit these two parameters [START_REF] Wennerberg | The impact of oral implants-past and future, 1966-2042[END_REF]. Nanotechnology involves materials that have a nano-sized topography with a size range between 1 and 100 nm.

Nanometer roughness plays an important role in the adsorption of proteins, adhesion of osteoblastic cells and thus the rate of osseointegration [START_REF] Ehrenfest | Classification of osseointegrated implant surfaces: materials, chemistry and topography[END_REF].

3.2.Nanotechnology and dental implants

The nanometer-sized roughness influences the surfaces interactions with proteins and cells. At nanoscale, surface topography increases the surface energy which in turn increases the wettability of the surface to blood, adhesion of cells to the surface by inducing a three-dimensional cell growth, and facilitates binding of fibrin, matrix proteins and growth factors. Nanotopography alters cellular responses; by direct (cellsurface interactions) and indirect (affecting protein-surface interactions) mechanisms [START_REF] Dalby | Genomic expression of mesenchymal stem cells to altered nanoscale topographies[END_REF]. Kubo et al. [56] observed a substantial increase by 3.1 times in bone-titanium interfacial strength by Ti nanotube (300nm) at 2 weeks of implantation in femur rats.

It is possible that nano-roughness topology could modify the protein adsorption and conformation of integrin-binding molecules and thus modulating intracellular integrin pathway [START_REF] Dalby | Genomic expression of mesenchymal stem cells to altered nanoscale topographies[END_REF]. Recent studies have shown strong cell responses with increased levels of two important bone matrix proteins, osteocalcin and osteopontin. [START_REF] Zhu | Cellular reactions of osteoblasts to micron-and submicron-scale porous structures of titanium surfaces[END_REF] Moreover, Oh et al. [START_REF] Oh | Stem cell fate dictated solely by altered nanotube dimension[END_REF] have shown that the optimal dimension (approximately 30-100 nm diameter) of nanotube titanium oxide surface structures notably induce human mesenchymal stem cells differentiation into osteoblasts without supplemented use of osteogenic-inducing factors in vitro. The reason for this is not yet well determined, but it is possible that such pore size may allow stem cell elongation that in turn influences cytoskeletal stress, thus promoting stem cell differentiation into osteoblastic cells.

Material topography also plays a significant role in the bacterial attachment to the surface, probably when the surface roughness is comparable to the bacterial size and thus can protect the surface from unfavorable environment. Generally, most common bacteria range 0.5 -5 μm, thus, it is possible that surface roughness on a scale much smaller than the bacterial one would not be expected to influence the initial attachment. It is notable that while osteoblastic cells are selectively adhered onto nanoscale surface, bacterial adhesion and growth on such surface is reduced [START_REF] Colon | Increased osteoblast and decreased Staphylococcus epidermidis functions on nanophase ZnO and TiO2[END_REF].Such nanometer-roughness may provide favorable condition for successful osseointegration by preventing post-operative bacterial infection. Moreover, nanotubular layer provides a very high surface-to-volume ratio for more cells adhesion. Davis [START_REF] Davies | Bone bonding at natural and biomaterial surfaces[END_REF] indicated that nanoscale modification of the implant surface may modify the endosseous implants surface reactivity and change the chemical reactivity of bulk materials [START_REF] Davies | Bone bonding at natural and biomaterial surfaces[END_REF]. Existing reports suggest that little bone bonding occurs at endosseous titanium implants, particularly in the early phases of bone formation [START_REF] Davies | Bone bonding at natural and biomaterial surfaces[END_REF]. Nanoscale modification of the titanium endosseous implant surface may affect both the topography and the chemistry of the surface.

3.3.Calcium Phosphate-based osteoconductive materials

Calcium Phosphates are the main mineral constituent of teeth and bones. CaPs have excellent bioactivity with a great ability to form a direct bond with bone. In addition, they can be resorbable, with a resorption rate that depends on their composition and microstructural features. [START_REF] Zou | Photocatalytic degradation of gaseous toluene over TiO 2 -SiO 2 composite nanotubes synthesized by sol-gel with template technique[END_REF]. Bone inorganic constituent is made up of biological apatites. These apatites, along with other CaPs such as fluorapatite (FAp, Ca 5 (PO 4 ) 3 ), monetite (M, CaHPO 4 ), tricalcium phosphate (TCP,Ca 3 (PO 4 ) 2 ), tetracalcium phosphate (TTCP, Ca 4 (PO 4 ) 2 ), and octacalcium phosphate (OCP, Ca 8 H 2 (PO 4 ) 6 .5H 2 O) belong to a family of calcium phosphates minerals [START_REF] Ginebra | Calcium phosphate cements as drug delivery materials[END_REF].The atomic ratio of Ca/P in calcium phosphates can be varied between 1.5 and 2 to produce compounds ranged from TTCP, HAp to TCP. (Table .1.1). summarizes the mineral and chemical names and composition of various phases of calcium phosphates. These materials demonstrate similar structural formula as X 3 Y 2 (TO 4 )Z. In nature, apatite compositions include X and Y = (Ca, Sr, Ba, Re, Pb, U or Mn) ; T = (P, As, V, Si, S, or C); and Z = (F, Cl, OH, or O).

In biomedical application, apatites have X = Y = Ca, T = P, and Z = F or OH. For example, the apatite is called hydroxyapatite (HAp) when T = P and Z = OH. [START_REF] Ginebra | Calcium phosphate cements as drug delivery materials[END_REF][START_REF] Altind | CaP Coating Of Porous Sintered Ti6al4v Powder Compacts Using Biomimetic And Sol-Gel Methods[END_REF] Mineral HAp (Ca 10 (PO 4 ) 6 OH 2 ) and brushite (CaHPO 4 .2H 2 O) are the closest to biological CaP materials. Only these two forms of calcium phosphates are stable at the body temperature and in body fluid. At pH<4.2 the stable calcium phosphate phase is brushite. At pH> 4.2 the stable phase is HAp. [START_REF] Ginebra | Calcium phosphate cements as drug delivery materials[END_REF] (Fig. 1.14) Their solubility and hydrolysis speed increase with decreasing Ca/P ratio, for this reason not all CaPs compounds are useful for implantation in the body. Driessens et al, [START_REF] Driessens | A new apatitic calcium phosphate bone cement: preliminary results[END_REF] indicated that compositions with a Ca/P ratio less than 1:1 are not suitable for biological implantation.

Small dimensions and low crystallinity are notable advantages of biological apatite.

Crystalline disorder and the fact that the crystal lattice contains other ions, interpret their biological priorities. For example, the small crystal size means that a large proportion of the atoms are on the crystal surface, creating a large surface area to depose ions, proteins and drugs [START_REF] Vallet-Regi | Calcium phosphates as substitution of bone tissues[END_REF]. (Fig. 1.14) Table .1.1 Existing calcium orthophosphates and their major properties [START_REF] Dorozhkin | Nanodimensional and Nanocrystalline Calcium Orthophosphates[END_REF] [a] These compounds cannot be precipitated from aqueous solutions [START_REF] Vallet-Regi | Calcium phosphates as substitution of bone tissues[END_REF] Each of the CaP phases has a different bioactivity and different dissolution rate in aqueous environments. Dissolution rate decrease in the following order: Amorphous HAp>>TTCP>α-TCP>OHA>>β-TCP>> Crystalline HAp. [START_REF] Vallet-Regi | Calcium phosphates as substitution of bone tissues[END_REF] As crystalline HAp is the most stable phase in biological environment, it became one of the main CaP phases that have been evaluated and used clinically. However, CaPs can be resorbed by two different mechanisms upon implantation; active resorption by macrophages or osteoclasts, and/or passive resorption by chemical dissolution or hydrolysis in the body fluids. Brushite cements are mainly resorbed by passive mechanism because they are soluble in body fluids [START_REF] Theiss | Biocompatibility and resorption of a brushite calcium phosphate cement[END_REF] while apatites, being less soluble, are mostly resorbed by the active mechanism [START_REF] Theiss | Biocompatibility and resorption of a brushite calcium phosphate cement[END_REF], i.e. macrophages and osteoclasts cause a local decrease of pH values at which apatite becomes soluble. The incorporation of ionic substitutions can control CaPs dissolution. For example, carbonates incorporation increases apatite lattice disorder enhancing crystal dissolution [START_REF] Legeros | Calcium Phosphates in Oral Biology and Medicine[END_REF][START_REF] Khairoun | Effect of calcium carbonate on clinical compliance of apatitic calcium phosphate bone cement[END_REF]. Besides, external factors like patient age, sex, metabolism, health, social habits, implantation site, blood supply or mechanical loads, can affect resorption.

3.4.Surface modification methods

Many methods have been developed to create a better titanium surface for endosseous implants and improve their osseointegration ( Table1.2. A summary of the current advanced surface modifications of implants [START_REF] Singhatanadgit | Biological responses to new advanced surface modifications of Endosseous medical implants[END_REF] These methods are mainly classified as surface roughening methods and surface coating with different compositions.

Acid-etching

A very common method to roughen the titanium implant surface is etching with strong acids such as HCl, H 2 SO 4 , HNO 3 and HF. By acid-etching, it's possible to create homogenous micro-porous roughness and increase surface activity. Moreover, it's possible to produce micro pits with a diameter range (0.5 to 2µm) on titanium surfaces [START_REF] Park | Red blood cell and platelet interactions with titanium implant surfaces[END_REF]. (Fig. 1.15) Furthermore, titanium implants immersion in a solution of concentrated HCl and H 2 SO 4 with a temperature above 100 •C (dual acid-etching) for many minutes is used to create a micro-scale surface [START_REF] Park | Red blood cell and platelet interactions with titanium implant surfaces[END_REF]. It was reported that dual acid-etched surfaces can favor osseointegration through the attachment of fibrin and osteogenic cells, and thus forming bone directly on the surface of the implant [START_REF] Orsini | Surface analysis of machined versus sandblasted and acid-etched titanium implants[END_REF][START_REF] Yokoyama | Fracture mechanisms of retrieved titanium screw thread in dental implants[END_REF]. Nevertheless, this technic still has many disadvantages as it may minimize the mechanical properties of titanium by creating micro cracks on its surface that could reduce the fatigue resistance of the implants [START_REF] Yokoyama | Fracture mechanisms of retrieved titanium screw thread in dental implants[END_REF]. 

Sandblasted and acid-etched (SLA) implants

The sandblasting procedure by 250-500μm grits creates surface within the optimal range of 1.0-2.0µm [START_REF] Albrektsson | Oral implant surfaces: Part 1-review focusing on topographic and chemical properties of different surfaces and in vivo responses to them[END_REF]. When followed by the hydrochloric/sulfuric acid etching, it can produce smaller pits at the sub-micron to micron level. The SLA technique combines the advantages of both sandblasting and acid-etching methods to obtain macro-roughness and micro pits.

The roughness value is dependent upon sandblasting factors such as blasting material, particle size, blasting pressure; etc. The micro morphology formed on the SLA treated surface increases the surface area, and benefits osteoblast proliferation. [START_REF] Hyeongil | The biocompatibility of SLA-treated titanium implants[END_REF].

It was reported that some residual particles were found on the implant surface after the sandblasting, which is a contamination that must be removed with ultrasonic bath and acid etching. 

Grit-blasting

The goal of grit blasting technic is to control surface roughness by using hard ceramic particles and varying the selected particle size. The blasting material should be chemically stable and biocompatible such as silicon oxide, aluminum oxide, titanium oxide and calcium phosphate compounds. The common size of used blasting materials is about (25-75μm) but the final roughness may be controlled by varying the selected particle size [START_REF] Van Steenberghe | A prospective split-mouth comparative study of two screw-shaped self-tapping pure titanium implant systems[END_REF]. (Fig 1.17) Titania blasted surfaces presented higher osseointegration ratios compared to machined implant surfaces but it also has a disadvantage that the chemical heterogeneity of the implant surface may reduce the corrosion resistance of titanium in biological environment [START_REF] Wennerberg | Histomorphometric and removal torque study of screw-shaped titanium implants with three different surface topographies[END_REF]. 

Anodisation

Anodic oxidation/ Anodisation is an electrochemical process that changes the TiO 2 layer characteristic , increases its roughness in a controlled manner [START_REF] Sul | Oxidized implants and their influence on the bone response[END_REF].

In potentiostatic or galvanostatic anodisation, the implant is immersed in an electrolyte of strong acids (H 2 SO 4 , H 3 PO 4 , HNO 3 , HF) representing the anode in an electrochemical cell. When a potential is applied to the sample, ionic transport of charge occurs through the cell, and an electrolytic reaction occurs at the anode, by dissolving the oxide layer along current transport paths and thickening in other regions. The oxide layer dissolution regions form micro or nano-pores on the titanium surface [START_REF] Sul | Optimum surface properties of oxidized implants for reinforcement of osseointegration: surface chemistry, oxide thickness, porosity, roughness, and crystal structure[END_REF]. The anodisation process and the oxide layer thickness depend on various parameters such as current density, concentration of acids, composition and electrolyte temperature and they can be controlled by modifying these parameters. Higher clinical success rates were observed for the anodized titanium implants in comparison with turned titanium surfaces of similar shapes [START_REF] Jungner | Oxidized titanium implants (Nobel Biocare TiUnite) compared with turned titanium implants (Nobel Biocare mark III) with respect to implant failure in a group of consecutive patients treated with early functional loading and two-stage protocol[END_REF]. This was explained by the mechanical interlocking through bone growth in pores and the biochemical bonding [START_REF] Sul | Optimum surface properties of oxidized implants for reinforcement of osseointegration: surface chemistry, oxide thickness, porosity, roughness, and crystal structure[END_REF][START_REF] Jungner | Oxidized titanium implants (Nobel Biocare TiUnite) compared with turned titanium implants (Nobel Biocare mark III) with respect to implant failure in a group of consecutive patients treated with early functional loading and two-stage protocol[END_REF]. The anodized surface implant has a higher polarity compared with acid-treated samples, which promote water and molecules adsorption. [START_REF] Elias | Factors Affecting the Success of Dental Implants, Implant Dentistry -A Rapidly Evolving Practice[END_REF]. Also those surfaces allow primary stability as they present a larger surface area and allow a stronger mechanical link to the surrounding tissues. [START_REF] Elias | Factors Affecting the Success of Dental Implants, Implant Dentistry -A Rapidly Evolving Practice[END_REF]. (Fig. 1.18) This method will be discussed more in the following chapters. 

Titanium plasma-spraying (TPS)

This method consists in injecting titanium powders into a plasma torch at high temperature and releasing the titanium particles on the implant surface forming a film of a thickness that must reach 40-50µm to be uniform. The resulting TPS coating has an average roughness of ~ 7µm, which increases the surface area of the implant [START_REF] Buser | Influence of surface characteristics on bone integration of titanium implants. A histomorphometric study in miniature pigs[END_REF].

(Fig. 1.19) Although higher bone formation rates were observed when TPS treated surface were used compared to machined ones, particles of titanium have been found in the bone adjacent to these implants [START_REF] Urban | Dissemination of wear particles to the liver, spleen and abdominal lymph nodes of patients with hip or knee replacement[END_REF]. The presence of metallic wear particles from endosseous implants in other places in the body such as, the liver, spleen and even in the para-aortic lymph nodes have also been reported [START_REF] Urban | Dissemination of wear particles to the liver, spleen and abdominal lymph nodes of patients with hip or knee replacement[END_REF]. Metal ions released from implants may be because of dissolution, fretting and wear, and may be a source of concern due to their potentially harmful local and systemic carcinogenic effects [START_REF] Buser | Influence of surface characteristics on bone integration of titanium implants. A histomorphometric study in miniature pigs[END_REF][START_REF] Urban | Dissemination of wear particles to the liver, spleen and abdominal lymph nodes of patients with hip or knee replacement[END_REF]. 

Hydroxyapatite coating

The coating with hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 ) has been recently applied considering such technic as bioactive coating of implant surface that enhance biological process and bone healing through the rich CaP calcium phosphate coating reactions with the surrounding environment [START_REF] Ducheyne | Bioactive ceramic prosthetic coatings[END_REF]. Following implantation, the release of calcium phosphate into the peri-implant region increases the body fluids saturation and precipitates a biological apatite on the implant surface [START_REF] Barrere | Osteointegration of biomimetic apatite coating applied onto dense and porous metal implants in femurs of goats[END_REF]. Moreover, this layer of biological apatite may contain several proteins and serve as a matrix for osteogenic cell attachment and growth and thus enhancing the bone healing process [START_REF] Davies | Understanding peri-implant endosseous healing[END_REF].

Furthermore, it was reported that CaP coatings have led to better clinical success rates in the long-term than uncoated Ti implants due to a superior primary rate of osseointegration [START_REF] Barrere | Osteointegration of biomimetic apatite coating applied onto dense and porous metal implants in femurs of goats[END_REF].

Several authors have investigated the CaP-coated titanium implants for improving the osseointegration comparing to other methods of surface modification. For example, Elias et al. [START_REF] Prado Da Silva | Best Surface Analysis of Titanium Dental Implants with Different Topographies Mat[END_REF] have studied the osseointegration of four implant surfaces in the femoral epiphyses of rabbits after 2 and 8 weeks of healing. They compared the boneimplant contact and bone growth inside the chambers for four different implant surfaces and shown that biomimetic coating method may enhance the bone formation onto titanium. (Fig. 1.20) Another advantage of these CaP coatings is that CaP crystals have similar proprieties to bone-mineral in terms of size and composition. Furthermore, it is possible to incorporate biologically active drugs such as antibiotics or growth factors during the precipitation of CaP coatings on Ti implants [START_REF] Prado Da Silva | Best Surface Analysis of Titanium Dental Implants with Different Topographies Mat[END_REF][START_REF] Le Guehennec | Histomorphometric analysis of the osseointegration of four different implant surfaces in the femoral epiphyses of rabbits[END_REF]. These molecules could be released in the peri-implant region for either preventing bacterial infections or stimulating bone growth.

Different methods have been developed to coat metal implants: plasma spraying, sputter-deposition, laser deposition, sol-gel coating, electrodeposition or biomimetic precipitation. . This high energy plasma cloud is composed of electrons, atoms, ions, molecules and molecular clusters. This plasma cloud expands with a temperature in the range of 350-600 °C, producing a thin adherent film onto the target [START_REF] Hallgren | An in vivo study of bone response to implants topographically modified by laser micromachining[END_REF].

The main advantages of this method are having hard titanium surface microstructures with a greater corrosion resistance, and a high purity degree with a standard roughness and thicker oxide layer [START_REF] Hallgren | An in vivo study of bone response to implants topographically modified by laser micromachining[END_REF].

c. Sputter deposition

Sputtering is applied by shooting atoms or molecules of a material in a vacuum chamber by bombardment of high-energy ions. A common disadvantage of this method is that the deposition rate and the process itself are very low [START_REF] Ong | Bone response to radio frequency sputtered calcium phosphate implants and titanium implants in vivo[END_REF]. The deposition rate could be enhanced by using a magnetically promoted variant of diode sputtering, known as radiofrequency (RF) magnetron sputtering which is largely used to deposit thin films of CaP coatings on titanium implants [START_REF] Ong | Bone response to radio frequency sputtered calcium phosphate implants and titanium implants in vivo[END_REF]. Studies in animals have shown higher BIC percentages with sputter coated implants [START_REF] Vercaigne | A histological evaluation of TiO2-gritblasted and Ca-P magnetron sputter coated implants placed into the trabecular bone of the goat: Part 2[END_REF].

d. Plasma-spray coating

Plasma-spraying (PS) is used to coat implant surface with CaP ceramic particles which are the injected materials in the plasma torch, used in conventional plasma spraying method, forming a thin CaP film on the surface of the titanium. The main advantage of plasma sprayed titanium coating is that these coatings create implants with a porous surface that bone can easily penetrate.

It was reported that this three-dimensional topography increased the tensile strength at the implant-bone interface. Therefore, plasma sprayed implants have been often

recommended for low bone density regions. Studies have shown that the implant-bone interface formed faster with a plasma sprayed surface than with machined implants [START_REF] Al-Nawas | Insertion torque and resonance frequency analysis of dental implant systems in an animal model with loaded implants[END_REF]. (Fig. 1.21)

Nonetheless, the plasma-spraying method has disadvantages, such as the coating porosity and residual stress at the substrate/coating interface and also the strong changes in the CaP composition and crystallinity [START_REF] Radin | Plasma spraying induced changes of calcium phosphate ceramic characteristics and the effect on in vitro stability[END_REF]. showing rapid replacement of woven bone (dark blue) by lamellar bone throughout the healing chamber. Toluidine blue stain. [START_REF] Coelho | Biomechanical and bone histomorphologic evaluation of four surfaces on plateau root form implants: An experimental study in dogs[END_REF].

Moreover, the plasma-spraying technique is not very effective for coating small dental implants with a complex shape. One of the major concerns with plasma-sprayed coatings is the possible delamination of the coating from the surface of the titanium implant and failure at the implant-coating interface despite the fact that the coating is well-attached to the bone tissue.

The difference in dissolution between the different phases that compose the coating is the responsible of the delamination, particle release and thus the clinical failure of implants. For all of the above reasons, the clinical use of plasma-sprayed HAp-coated dental implants is limited [START_REF] Wheeler | Eight-year clinical retrospective study of titanium plasma-sprayed and hydroxyapatite-coated cylinder implants[END_REF][START_REF] Tinsley | A comparison of hydroxyapatite coated implant retained fixed and removable mandibular prostheses over 4 to 6 years[END_REF].

e. Biomimetic precipitation of HAp coatings

In order to avoid the drawbacks of other coating methods, scientists tried to develop new coating methods based on biomineralization process by precipitating of calcium phosphate crystals onto the titanium surface from simulated body fluids (SBF) to form a thin coating at room temperature [START_REF] Le Guehennec | Surface treatments of titanium dental implants for rapid osseointegration[END_REF]. (Fig. 1.22) Two methods have been developed in order to optimize and accelerate the deposition of coatings from aqueous solutions. The first method involves the electrodeposition of calcium phosphate by using an electrochemical cell which is conducted in calcium phosphate solutions and leads to the formation of CaP cements [START_REF] Le Guehennec | Surface treatments of titanium dental implants for rapid osseointegration[END_REF].

The electrochemical deposition performed in simulated body fluid can produce a carbonated apatite coating directly on the titanium surfaces [START_REF] Yang | Preparation of bioactive titanium metal via anodic oxidation treatment[END_REF]. SEM images of a biomimetic calcium phosphate coating [START_REF] Le Guehennec | Surface treatments of titanium dental implants for rapid osseointegration[END_REF] With this technic it's easy to control the deposit thickness on all kinds of complicated surfaces. Moreover, this process requires a short time and it is highly reproducible and effective [START_REF] Yang | Preparation of bioactive titanium metal via anodic oxidation treatment[END_REF][START_REF] Wang | Preparation and characterization of electrodeposited calcium phosphate/chitosan coating on Ti6Al4V plates[END_REF].

The second method is based on the biomimetic precipitation of calcium phosphate on titanium surfaces by immersion in SBF. This method includes the heterogeneous nucleation and growth of bone-like crystals on the implant surface at physiological temperatures and pH [START_REF] Barrere | Nano-scale study of the nucleation and growth of calcium phosphate coating on titanium implants[END_REF]. This nucleation of the CaP on the titanium surface is induced by the chemical bonding of nano-sized clusters. [START_REF] Barrere | Nano-scale study of the nucleation and growth of calcium phosphate coating on titanium implants[END_REF].

The mechanical stability of the CaP coating requires a rough titanium surface. In addition, this method extends the variety of calcium phosphate phases that can be deposited, such as octacalcium phosphate or bone-like carbonate apatite [START_REF] Barrere | Osteointegration of biomimetic apatite coating applied onto dense and porous metal implants in femurs of goats[END_REF]. It has been shown that such biomimetic coatings are more soluble in physiological fluids and resorbable by osteoclastic cells like dentin materials than high temperature coatings such as plasma-sprayed HAp [START_REF] Barrere | Osteointegration of biomimetic apatite coating applied onto dense and porous metal implants in femurs of goats[END_REF][START_REF] Leeuwenburgh | Osteoclastic resorption of biomimetic calcium phosphate coatings in vitro[END_REF].

The osseointegration of titanium implants coated with biomimetic calcium phosphate has been investigated in pre-clinical comparative models. These studies have demonstrated a higher bone-to-implant contact (BIC) for biomimetic calcium phosphate coatings than for uncoated titanium implants [START_REF] Wang | Preparation and characterization of electrodeposited calcium phosphate/chitosan coating on Ti6Al4V plates[END_REF]. 

Incorporation of biologically active drugs

The surface of titanium dental implants may be coated also with bone-stimulating agents to achieve a local enhancement of the bone healing process. Growth factors such as bone morphogenetic proteins (BMPs), TGF-β1, platelet-derived growth factor (PDGF) and insulin-like growth factors (IGF-1 and 2) are some of the most promising candidates for this aim. [START_REF] Singhatanadgit | Biological responses to new advanced surface modifications of Endosseous medical implants[END_REF].

Implants surface could also be loaded with molecules or drugs controlling the bone remodeling process. Incorporation of bone antiresorptive drugs, such as bisphosphonates, might be very useful in clinical cases lacking bone support, e.g. resorbed alveolar ridges. It was reported recently that incorporated bisphosphonate onto titanium implants increased the local bone density in the peri-implant region [START_REF] Meraw | Use of alendronate in peri-implant defect regeneration[END_REF]. In vivo studies have mentioned that antiresorptive drug effect seems to be limited to the peri-implant region with only a little increase in dental implant osseointegration [START_REF] Meraw | Use of alendronate in peri-implant defect regeneration[END_REF].

Interestingly, it has been demonstrated that coatings of implant surface by a different bioactive molecules influence osteogenic events. For instance, when RGD peptides doped to a bisphosphonate were chemically adsorbed on titanium discs, adhesion and proliferation of osteoblastic cells together with the biomineralization were notably optimized [START_REF] Beuvelot | In vitro kinetic study of growth and mineralization of osteoblast-like cells (Saos-2) on titanium surface coated with a RGD functionalized bisphosphonate[END_REF].

Antibiotic incorporation into implant coatings has also recently been investigated.

Calcium-based coatings of an implant material can bind to antibiotics, such as cephalothin, carbenicillin, amoxicillin, cefamandol, tobramycin, gentamicin and vancomycin, which are able to release from the coating material. [START_REF] Stigter | Incorporation of different antibiotics into carbonated hydroxyapatite coatings on titanium implants,release and antibiotic efficacy[END_REF].

Progressive studies concentrating on the drug release, method of drug incorporation and chemical structures of the antibiotic that facilitate their incorporation capacity, would be of great importance to develop a new antibiotic incorporated coatings for medical implants [START_REF] El Ghannam | Model surfaces engineered with nanoscale roughness and RGD tripeptides promote osteoblast activity[END_REF] The complex regulation of growth factors during bone healing makes their delivery system very important for the success of osseointegration. So far, the immobilization of growth factors with calcium phosphate ceramics has commonly been performed by adsorption of proteins onto the surface of the materials [START_REF] Lasserre | Ceramic drug-delivery devices[END_REF] which leads to the release of the proteins upon connecting with a physiological environment [START_REF] Lasserre | Ceramic drug-delivery devices[END_REF].

CHAPTER II

Analysis techniques for the physicochemical characterization of TiO 2 functionalized surfaces.

The morphology and topography of the functionalized surfaces were characterized by scanning electron microscopy (SEM) [START_REF] Brundle | Encyclopedia of materials characterization. Surfaces, Interfaces, Thin Films[END_REF]. The surface chemical composition was characterized by X-ray Photoelectron Spectroscopy (XPS) [START_REF] Lausmaa | Surface spectroscopic characterization of titanium implant materials[END_REF] and infrared spectroscopy (reflexion-absorption mode) through core level binding energy and vibration modes. [START_REF] Chen | The structure of trititanate nanotubes[END_REF] 

Scanning Electron Microscopy (SEM)

SEM is an analytical instrument that shows surface topography using monochromatic energetic electron backscattered from the sample. The electron beam can be focused by magnetic field from micro to nanometer level, enabling measurement of surface topography at the magnification of 10 to 500,000 [START_REF] Brundle | Encyclopedia of materials characterization. Surfaces, Interfaces, Thin Films[END_REF][START_REF] Radetié | Fundamentals of Scanning Electron Microscopy and Energy Dispersive X-ray Analysis in SEM and TEM University of Belgrade Faculty of Technology and Metallurgy[END_REF]. This technique is used to make a characterization of the samples surface micro-structure and nano-structure, with a fine visualization of surface defects [START_REF] Brundle | Encyclopedia of materials characterization. Surfaces, Interfaces, Thin Films[END_REF].

By irradiating the sample with an electron beam in vacuum, secondary electrons and backscattered electrons allow to image the surface structure due to different electron emissivity where the surface is heterogeneous. As the primary electrons as well as high energy secondary electrons generate core level ionizations, characteristics X-rays are generated as indicated in (Fig. 2.1) [START_REF] Radetié | Fundamentals of Scanning Electron Microscopy and Energy Dispersive X-ray Analysis in SEM and TEM University of Belgrade Faculty of Technology and Metallurgy[END_REF]114]. This allows a chemical characterization of the sample surface (EDX) as the X-rays emitted from the surface are typical of the ionized atomic levels.

Nevertheless, as the electron beam penetrates the sample to a depth approximately of 1μm, the chemical information is not characteristic of the first atomic planes as it is the case for photoemission. The combined effect of elastic and inelastic scattering controls the penetration of the electron beam into the solid. The resulting zone over which the incident electrons interact with the sample is known as interaction volume.

The interaction volume has several important characteristics, which determine the nature of imaging in the SEM. (Fig. 2.1). SEM image obtained upon detecting the secondary electrons, produced near the sample surface, reflects the fine topographical structure of the sample and depends strongly on the chemical nature (by the atomic number Z), the topography and the crystallinity of the surface. For each scan position of the incident beam, the secondary electrons are detected by an analysis system that can then be a two-dimensional image of the surface. [START_REF] Brundle | Encyclopedia of materials characterization. Surfaces, Interfaces, Thin Films[END_REF].

A BSE image therefore reflects the compositional distribution on the sample surface.

In general, high-resolution images (≥ × 10,000) of samples can be achieved at the SEM mode. [START_REF] Radetié | Fundamentals of Scanning Electron Microscopy and Energy Dispersive X-ray Analysis in SEM and TEM University of Belgrade Faculty of Technology and Metallurgy[END_REF] Fig.

Interaction volume between material and electron beam

In this thesis, SEM images were realized with a field emission scanning electron microscope (FE-SEM, LEO) operating at 5.0 kV. The surface composition of the samples was analysed using energy dispersive spectroscopy (EDS).

X-ray Photoelectron Spectroscopy (XPS)

X-ray Photoelectron Spectroscopy (XPS), also known as Electron Spectroscopy for Chemical Analysis (ESCA), is a widely used technique to investigate the chemical composition of surfaces. XPS is based on the photoelectric effect using X-ray sources and it analyses the chemical elements present in the first atomic planes of the material by identifying their core level binding energies [START_REF] Lausmaa | Surface spectroscopic characterization of titanium implant materials[END_REF].

This spectroscopy can provide the chemical composition at a sample surface as well as the type of the existing chemical bonds and their in-depth distribution when the analysis is coupled with sputtering [START_REF] Moulder | Handbook of X-ray photoelectron spectroscopy : a reference book of standard spectra for identification and interpretation of XPS data[END_REF]. However, XPS allows obtaining the chemical composition of the surface of a material within a depth of 10 nm [START_REF] Moulder | Handbook of X-ray photoelectron spectroscopy : a reference book of standard spectra for identification and interpretation of XPS data[END_REF]. As sampling depth is defined as inelastic free paths of photoelectrons in the material from which 95% of all photoelectrons are scattered by the time they reach the surface (3λ).

λ depends on the kinetic energy K.E. of the photoelectron and the specific material and it's almost located at the range of 1 -3.5 nm for Al Kα radiation So the sampling depth (3λ) for XPS under these conditions is 3-10 nm where the angle can change between the sensor and the standard on surface from 0° to 75°.

In XPS, the sample is irradiated with low-energy (~1.5KeV) X-rays, in order to induce photoabsorption. The emitted electron energy distribution is determined by means of a high-resolution electron spectrometer [START_REF] Moulder | Handbook of X-ray photoelectron spectroscopy : a reference book of standard spectra for identification and interpretation of XPS data[END_REF][START_REF] Briggs | Surface Analysis by Auger and X-ray Photoelectron Spectroscopy[END_REF]. The sample analysis is conducted in a vacuum chamber, typically ~10 -10 Torr to facilitate the transmission of the photoelectrons to the analyzer and avoid surface reactions/contaminations. [START_REF] Briggs | Surface Analysis by Auger and X-ray Photoelectron Spectroscopy[END_REF] In XPS, electrons are emitted from the surface as a result of a photoemission process.

An electron is ejected from an atomic energy level by an X-ray photon, mostly from an Al-Kα or Mg-Kα primary source which emit 1253.6 and 1486.6eV respectively, and its kinetic energy is determined by the spectrometer which acts as a monochromator.

The characteristic parameter for the electron is its binding energy. The relation between binding energy, kinetic energy and X-ray photon energy is given by Eq.

(2.1): [START_REF] Lausmaa | Surface spectroscopic characterization of titanium implant materials[END_REF] E B = hν -E K -∆ɸ work function (2.1) hν: Energy of the incident X-ray beam , E K: Kinetic energy of the emitted electron , In XPS spectrum, a number of sharp peaks appear on a background. The background comes from photoelectrons that undergo energy and direction changes between photoemission from the atom and detection in the spectrometer. This background is usually called the inelastic tail and is characteristic of the electron escape depth (related to its kinetic energy) and the emitting atoms in-depth distribution. Usually, to obtain a pseudo-quantitative information, this inelastic tail have to be subtracted from the whole signal to isolate the sharp peak that can be related to atomic concentrations in the surface first nanometres. The most used method to do this is subtraction the well-known Shirley method. The observed peaks can be classified into three types: peaks originating from photoemission (i) from core levels, (ii) from valence levels at low binding energies (0 to 20eV) and (iii) from X-ray excited Auger emission. The identification of the elements present on the surface of the material is made from peaks appearing on the global spectrum which is called "Survey". The (Fig. 2.3), corresponding to a wide scan survey XPS spectrum of TiO 2 sample, illustrates the type of spectrum obtained where a series of peaks appears The peak intensities measure how much of a material is at the surface, while the peak positions indicate the elemental and chemical composition. [START_REF] Briggs | Surface Analysis by Auger and X-ray Photoelectron Spectroscopy[END_REF] It's important to mention that XPS uses the spectroscopic notation: first the principal quantum number (n = 1, 2, 3 …), then l = 0, 1, 2 … indicated as s, p, d …respectively, and finally the j value given as a suffix (1/2, 3/2, 5/2 …). The K, L, M…are related to Auger peaks and in this respect it could be useful to indicate that photoelectron kinetic energy is depending on the source nature and the Auger electron kinetic energy is independent of the source nature. So by changing the X-ray source energy, it will be easy to distinguish between photoelectrons and Auger electrons [START_REF] Briggs | Surface Analysis by Auger and X-ray Photoelectron Spectroscopy[END_REF]. To obtain accurate chemical information, it is essential to determine peak positions accurately. When dealing with small shifts between two different chemical states, overlapping peaks may occur in the spectrum.

(Fig. 2.5) shows an overlapping between copper and aluminum core levels which requires a high resolution XPS and a deconvolution technic for data interpretation. Peak deconvolution and peak fitting tools are available in the commercial data handling systems, where peak shape, intensity and full width at half maximum as well as energy can be constrained parameters.

In the XPS spectrum, the relative intensities are governed by the ionization efficiencies of the different core shells, designated by ionization cross section. The line width, defined as the full width at half-maximum intensity (FWHM), is a convolution of several contributions: the natural width of the core level, the width of the X-ray line and the resolution of the analyser. [START_REF] Briggs | Practical Surface Analysis. Volume 1 -Auger and Xray Photoelectron Spectroscopy[END_REF] In this work, we used a Thermo Scientific K-Alpha fully integrated, monochromated small-spot X-ray Photoelectron Spectrometer. The monochromated Al K X-ray beam may be focused into a small spot providing an ultimate lateral resolution of 30 µm. A high-flux, low-energy ion source is integral to K-Alpha for depth profiling.

XPS measurements were also performed using a MAC II RIBER photoelectron spectrometer with non-monochromated Al Kα excitation (hν = 1486.6eV). The compositions of the surface film were determined by measuring integrated photopeaks intensities after a Shirley background subtraction. The peaks areas were corrected from sensitivity factors [START_REF] Nakamoto | Infrared and Raman spectra of inorganic and coordination compounds[END_REF]. Survey spectra (overall XPS spectra) were acquired with an energy step BE of 1.0 eV, while BE was 0.05eV for core level windows. Acquisition time was 100ms per step in all the case. The analysis chamber base pressure was by 2.0 10 -10 Torr.

Infrared Reflection-Absorption Spectroscopy (IRRAS)

Infrared Spectrometer allows by the detection of characteristic vibrations of chemical bonds to make an analysis of organic or inorganic materials. Infrared spectrum represents a fingerprint of a compound with absorption peaks corresponding to the frequencies of molecular vibrations. In addition to this chemical identification, it can determine the amount of material present when used in transmission in the case of powders, liquid or gases. In that case, modern software equipped with powerful algorithms of spectral deconvolution and thousands of reference spectra, makes this spectroscopy an excellent tool for quantitative analysis. [START_REF] Chen | The structure of trititanate nanotubes[END_REF]. Infrared spectroscopy covers a wide range of techniques, from transmission to reflection (diffuse or specular) for gaseous, liquid or solid samples.

Infrared spectroscopy exploits the fact that the molecules have specific frequencies for which they vibrate in correspondence with discrete energy levels (vibrational modes).

The resonant frequencies are determined by the normal modes corresponding to the potential surface energy of the molecular electronic ground state. However, the resonant frequencies can be first related to the strength of the bond and the atomic mass.

In our studies we used the method of reflection-absorption to characterize the adsorption of molecules on the surfaces of nanostructured titanium. The spectrometric system consists of infrared spectrometer coupled to an infrared reflection-absorption device (VEEMAX) for measuring low concentrations of chemical compounds adsorbed onto reflective surfaces such as metals covered with a thin oxide film [START_REF] Griffiths | Fourier Transform Infrared Spectrometry[END_REF].

IRRAS technique is normally used for the characterization of thin films on highly reflecting metal substrates, and can also be applied for non-metals and even liquid surfaces, as shown by Desbat et al [START_REF] Griffiths | Fourier Transform Infrared Spectrometry[END_REF]. It is a specular reflection method in which the spectrum of a substrate coated with thin film is compared to the spectrum of a clean substrate, reflecting the signal from the adsorbed matter.

Reflection-Absorption mode of IR Spectroscopy

IRRAS spectrometers have become an established sampling method for films of thickness less than 100 nm. In Reflection-Absorption IR Spectroscopy, the IR beam is reflected from the front face of a highly-reflective sample, such as a metallic surface.

Infrared radiation is emitted by a source called globar which emits polychromatic light (black body source). After passing through the Michelson interferometer, the radiation is sent onto the sample at grazing incidence (from 5° to 10°). Then the light is reflected by the metal and is directed in specular way to a detector. (Fig. 2.6)

Due to reflectivity on a metallic surface, only the vibrational modes that possess a component of the dipole moment perpendicular to the surface are "active" (reflexion rules) and thus give an absorption band in the spectrum. IRRAS spectra of the film constituents are generally presented as plots of reflectance-absorbance (RA) vs.

wavenumber (cm -1 ). (RA) is defined aslog 10 (R/R 0 ) where R is the reflectivity of the film-covered surface and R 0 is the reflectivity of the clean substrate surface. [121]. For medium frequencies (typically 1000 to 4000 cm -1 ), each specific variation of the dipole moment of a chemical bond occurs at a given frequency and varies a little with the other atoms of the molecule. These are the localized modes and the position and the intensity of characteristic bands therefore allow identification of chemical groups present in the analysed material [START_REF] Chen | The structure of trititanate nanotubes[END_REF]. On the other hand, for low frequency modes, coupling with neighbouring atoms leads to vibration delocalization (collective modes) and are usually used as fingerprints for structure identification.

Theory of Infrared Absorption

Interpretation of Infrared spectrum

Because it's important to have a relative scale for the absorption intensity and due to the fact that IR spectrometer is a single beam instrument, a background spectrum must be performed to subtract absorptions that are not characteristic of the adsorbed species [START_REF] Chen | The structure of trititanate nanotubes[END_REF] (Fig. 2.11). These absorptions are due to substrate reflectivity and to interactions of the IR beam with matter on its path between the IR source and the detector. In fact, the background spectrum contains characteristics of the; the source, the beam-splitter, the absorption by the air (mainly due to CO 2 and water vapour) in the beam path, and the sensitivity of the detector at different wavelengths. As in reflexion-absorption mode, only the sample surface is modified, the subtraction of the background in the IR spectrum leads to absorption bands characteristic of the adsorbed matter. IR absorption positions are most commonly presented as wavenumbers (ν) in cm -1 that determine the number of waves per unit length. Thus, wavenumbers are directly proportional to frequency, as well as the energy of the IR absorption.

Infrared radiation spans a section of the electromagnetic spectrum having wavenumbers from 14,000 to 10 cm -1 .

Near IR Mid IR Far IR 13000-4000 cm -1 4000-200 cm -1 200-10cm -1

Our study focuses on the most frequently used mid IR region, between 4000 and 400 cm -1 (2.5 to 25 µm for wavelength). As mentioned previously, infrared spectrum is commonly obtained by passing infrared radiation through a sample and determining the absorbed part of the incident radiation at a particular energy. The energy at which any peak in an absorption spectrum appears corresponds to the vibration of a part of sample molecule. The interpretation of the infrared spectra is mainly based on the detection of characteristic peaks and their assignment to specific chemical groups.

To get qualitative information, we have to identify the wavelengths absorbed by the sample that are characteristic of the chemical groups present in the analyzed material.

The same group may give rise to several types of vibrations and thus absorptions at different frequencies [START_REF] Chen | The structure of trititanate nanotubes[END_REF].

An IR spectrum is a plot of the amount of transmitted light versus its wavenumber.

The IR spectrum is divided into two regions: the functional group region (at ≥ 1000 cm -1 ), and the fingerprint region (at < 1000 cm -1 ) (Fig. 2.12).

Bands in fingerprint region are the result of many types of vibrations that are characteristic of the molecule as a whole. This complex fingerprint region represents a unique pattern for each organic compound. The region is useful for comparing the spectrum of an unknown compound with the spectra of a known compound for identification purposes.

Where a particular bond absorbs in the IR depends on bond strength and atom mass.

Stronger bonds (i.e., triple > double > single) vibrate at a higher frequency, so they absorb at higher wavenumbers. Bonds with lighter atoms vibrate at higher frequency, so they absorb at higher wavenumbers. (Fig. 2.13) 2.1) shows typical IR frequencies used for analysis of IR spectra.

(Table 2.2) shows infrared absorption data for some other functional groups. In fact, the spectrometer software possess compounds library that can be used for bands identification.

The intensities of the absorption bands are correlated to the amount of chemical bonds present in the sample, but quantification can be quite difficult in IRRAS mode because of surface selection rules that favours vibration that have a strong dipole component perpendicular to the sample surface. Moreover, in the case of thick films (>50 nm), optical effects can be observed with bands deformation. In our case, adsorption only concerns a thin film deposited onto an oxide layer and such effect cannot be observed.

In conclusion, this method of analysis is used in our work to determine chemical bonds of IR-active molecules in bioactive layers deposited on a nanostructured TiO 2 substrate.

In this work, IR spectra were obtained by a NICOLET 6700 FTIR spectrometer equipped with a VEEMAX accessory allowing reflection-absorption experiment with an incidence angle of 20°. Spectra have been averaged over 128 scans and the resolution was set to 4.0 cm -1 . Recent trends in surface modification field are to modify titanium-based implants to possess nanometric surface features considering that natural bone is a nanostructured material [START_REF] Pye | A review of dental implants and infection[END_REF]. Anodic oxidation method has been successfully used as a surface treatment for implants in the past few decades and it has some new advances recently.

The first part of this chapter will present an overview of anodization and discuss processing parameters with a presentation of experimental results. The main focus will be on the unique 3-D tube-shaped nanostructure of TiO 2 that creates profound impacts on cell behavior. [56]

1.1.Fabrication of TiO 2 nanotube arrays by anodisation

The anodization technique was discovered in the early 1930's and was widely studied in the 1960's to enhance titanium implant osseointegration [START_REF] Brånemark | Vital microscopy of bone marrow in rabbit[END_REF]. The anodic oxidation is a simple method that can be easily applied to prepare TiO 2 nanotubes whose diameter and length depend highly on the electrochemical conditions, such as the working electrode potential, temperature and the solution composition. [START_REF] Mor | Enhanced photocleavage of water using titania nanotube arrays[END_REF] In addition to the many physicochemical and biological advantages of nanotechnology mentioned in chapter I, and from mechanical and physical point of view, we are trying by nanostructuring the surface with TiO 2 nanotubes (nT-TiO 2 ) to create a negative relief pattern of the integration between bone and implant surface.

The anodic oxidation of titanium sample in a solution containing fluoride was first reported by Grimes et al [START_REF] Gong | Titanium oxide nanotube arrays prepared by anodic oxidation[END_REF]. Further studies were interested in controlling the nanotube morphology, length, pore size and wall thickness. [START_REF] Long | Raman Spectroscopy[END_REF][START_REF] Mor | A room-temperature TiO 2 -nanotube hydrogen sensor able to self-clean photoactively from environmental contamination[END_REF]130] The anodizing of Ti sample was initiated using an electrochemical cell of a reference electrode (calomel), facing a platinum electrode and the working electrode (titanium) as the anode [START_REF] Gong | Titanium oxide nanotube arrays prepared by anodic oxidation[END_REF]. The aqueous medium is a solution of HF at 0.5% (by weight) and acetic acid in the proportions 1:7(Fig. 3.1). [START_REF] Mor | Enhanced photocleavage of water using titania nanotube arrays[END_REF].

Anodization experiments are commonly carried out by electrolyte agitation which reduces the thickness of the diffusion layer at the metal/electrolyte interface, and ensures uniform current density and temperature along the Ti surface [START_REF] Mor | Fabrication of tapered, conical-shaped titania nanotubes[END_REF]. In Grimes et al work, they evaluated the anodizing titanium between 10 and 40 V in dilute (0.5-1.5 wt. %) aqueous HF solutions [START_REF] Gong | Titanium oxide nanotube arrays prepared by anodic oxidation[END_REF]. The electrochemical reactions of anodisation are:

2H 2 O → O 2 + 4e -+4H + (1) Ti + O 2 → TiO 2 (2)
The presence of F -ions in the solution causes TiO 2 dissolution and this is represented by the following equation:

TiO 2 + 6F -+ 4H + → TiF 6 2-+ 2H 2 O (3) 
Pore growth (nanotubes size) grows due to the increase of the oxide layer at the base of the pores (pore-oxide interface layer) by the mechanisms ( 1) and ( 2) then the dissolution of this oxide by the mechanism (3). [START_REF] Mor | Fabrication of tapered, conical-shaped titania nanotubes[END_REF] Previous reactions are connected to the evolution of the current vs. time diagram, and characteristic evolution for each mechanism. Mor et al [START_REF] Mor | A review on highly ordered, vertically oriented TiO 2 nanotube arrays: Fabrication, material properties, and solar energy applications[END_REF] [START_REF] Mor | A review on highly ordered, vertically oriented TiO 2 nanotube arrays: Fabrication, material properties, and solar energy applications[END_REF] Based on the nanotube formation mechanism, many studies have evaluated the influence of various parameters on the nanotubes growth. [START_REF] Brammer | Biomaterials and Biotechnology Schemes Utilizing TiO2 Nanotube Arrays[END_REF][START_REF] Mor | A review on highly ordered, vertically oriented TiO 2 nanotube arrays: Fabrication, material properties, and solar energy applications[END_REF] (Table. 

Table.3.1.

The influence of the chemical composition of the electrolyte, the pH of the solution, the potential and the duration of anodisation. [START_REF] Mor | A review on highly ordered, vertically oriented TiO 2 nanotube arrays: Fabrication, material properties, and solar energy applications[END_REF] Electrolyte composition plays a key role in determining the nanotubes morphology. [START_REF] Mor | A review on highly ordered, vertically oriented TiO 2 nanotube arrays: Fabrication, material properties, and solar energy applications[END_REF]. The pH affects both the electrochemical etch and the oxide formation. Grimes et al [START_REF] Gong | Titanium oxide nanotube arrays prepared by anodic oxidation[END_REF], indicated that longer nanotubes can be formed in higher pH solutions that remain acidic. They also reported that the best pH range for formation of relatively long nanotubes is between pH 3 and 5; lower pH forms shorter but cleaner nanotubes, while higher pH values result in longer tubes that suffer from unwanted precipitates.

Schmuki et al, 2007 [130] reported that wall thickness decreases with fluoride ion concentration, this behavior can be explained by a difference of the dissolution rate, considering that these nanotubes grow as a result of a competition between an electrochemical oxide formation and chemical dissolution of oxide by fluoride ions.

For low F -concentration, the dissolution of oxide is slow; therefore, the wall remains thick. Also, in low F -electrolyte, the anodic current is smaller and the tube length is shorter [START_REF] Roy | TiO 2 nanotubes: Synthesis and applications[END_REF].

Grimes et al [START_REF] Mor | Enhanced photocleavage of water using titania nanotube arrays[END_REF] reported that wall thickness increases with decreasing solution temperature, thus, the spaces in the inter-pore areas fill and the tubes become more interconnected then the discrete tube-like structure approaches a nanoporous structure in appearance. Moreover, the length of the nanotubes increases with decreasing anodisation bath temperature [START_REF] Mor | Enhanced photocleavage of water using titania nanotube arrays[END_REF]. (Table 3 [START_REF] Mor | Enhanced photocleavage of water using titania nanotube arrays[END_REF].

Another important parameter in the anodisation process is the applied voltage. By increasing the applied voltage, larger diameter nanotubes can be formed. [START_REF] Brammer | Biomaterials and Biotechnology Schemes Utilizing TiO2 Nanotube Arrays[END_REF] (Fig. That was also confirmed for other fluoride concentrations. This linear relationship can be attributed to the fact that the thickness of anodic oxide film linearly increases with the potential in forming a compact oxide in the initial stage of tube growth [START_REF] Roy | TiO 2 nanotubes: Synthesis and applications[END_REF]. During extended constant potential anodisation, the current decreases due to an increase in the diffusion layer thickness for the ionic species. However, for the anodisation times longer than 2h, the nanotube length becomes shorter because of the dissolution of nanotube wall [130].

1.3.Experiments of the present thesis for TiO 2 nanotubes fabrication

The Ti foils (99.9%) were polished down to 4000 grade SiC paper and then cleaned by sonication (180 s) in acetone-alcohol mixture (50%). Actually we choose the previous experimental parameters to obtain nanotubes with such dimension (35nm diameter, 40-50nm length) because it was reported that nanotubes with a diameter between 30-70 nm favor bone reactions including gene expression and the adhesion of MC3T3-E1 on the implant. Whereas for nanotubes with a diameter >150 nm, a decrease of such interactions was observed [START_REF] Wang | Preparation and characterization of electrodeposited calcium phosphate/chitosan coating on Ti6Al4V plates[END_REF].

The formation of a thin film of titanium oxide is confirmed by the IRRAS spectrum which appears a broad adsorption band towards low frequencies (700 -1000 cm -1 ) and can be attributed to vibrational modes involving chemical bonds Ti-OH and O-Ti in a solid phase (Fig. 3.9) [START_REF] Qian | Raman study of titania nanotube by soft chemical process[END_REF]. Two small absorption bands can be seen in the spectral region around 3200 cm -1 and 1600 cm -1 . These bands can be attributed to adsorbed water or surface OH linked by H bonds and adsorbed carbonate species. 

Analysis of nanostructured TiO 2 reactivity toward phosphate

"Bioactive" implants are implants that contain elements or compounds such as calcium, magnesium, phosphorous, fluorine, sodium, strontium and calcium phosphates compounds which increases the bonding strength and anchorage speed of implants in bone [START_REF] Ishizawa | Mechanical and histological investigation of hydrothermally treated and untreated anodic titanium oxide films containing Ca and P[END_REF][START_REF] Sul | The roles of surface chemistry and topography in the strength and rate of osseointegration of titanium implants in bone[END_REF].

Phosphate exists at significant concentrations in biological systems, e.g., in blood at around 10.0 mol.L -1 [START_REF] Othmer | Encylopedia of Chemical Technology[END_REF], and is expected to interact with metallic oxides surfaces of implants, changing their chemical nature and inducing osseointegration [START_REF] Sundgren | [END_REF]. Many in vivo studies [START_REF] Hall | Properties of a new porous oxide surface on titanium implants[END_REF][START_REF] Omar | The correlation between gene expression of proinflammatory markers and bone formation during osseointegration with titanium implants[END_REF] investigated the bone response to phosphate-incorporated titanium implants which showed higher removal torque value than non-incorporated cp titanium with a higher bone metal contact percentage. In vitro studies [START_REF] Krupa | Effect of phosphorus-ion implantation on the corrosion resistance and biocompatibility of titanium[END_REF] reported that phosphorus-ion deposition increase corrosion resistance and biocompatibility of titanium implant.

In our experiment, the used phosphorus species were considered as small size molecules to be deposed on TiO 2 nanotubes. Actually, beside their important biological role, phosphorus species were deposited in our study to evaluate the nanostructured TiO 2 reactivity toward calcium-phosphate compounds and to test and observe phosphate adsorption process by such nanostructured surface to better control and understand the later deposition of more complicated compounds such as HAp.

Two methods of deposition were used. The first one was simply immersing samples in phosphorus solutions, rinsing with deionized water (DI) or using ultrasounds and then drying.

The second method was standard electrodeposition by using a classical three-electrode electrochemical cell with an aqueous solution of the studied molecule at room temperature and a constant potential. The electrodeposition technique is used to depose cations and anions from the electrolyte following interfacial reactions that are induced by the imposed potential on the working electrode. As this method has been used to deposit CaP compounds in the next step of this work, it is interesting to investigate the action of imposed potential on the phosphate adsorption.

With electrodeposition method, the chemical composition of the coatings can be controlled by varying the ion concentrations in the electrolyte [START_REF] Sul | The electrochemical oxide growth behaviour on titanium in acid and alkaline electrolytes[END_REF][START_REF] Kim | Mechanisms of apatite formation on anodically oxidixed titanium metal in simulated body fluid[END_REF].

In this study, the deposits composition and their growth rate were investigated by FT-IRRAS and XPS.

Phosphates are tetrahedral molecules, with symmetry dependent on the number of substituent on the O atoms. Observing IR spectra and for phosphorus species (H (n) PO ( 4) ) (3-n) (n=0-3) , the region between 800 and 1300 cm -1 is a very informative region. It contains the majority of the stretching vibration modes (elongation P ↔ O) for P-O bonds. As phosphate shows four different vibrations; the symmetric stretching (ν 1 ), the symmetric bending (ν 2 ), the asymmetric stretching (ν 3 ) and the asymmetric bending (ν 4 ). The ν 1 (non degenerate symmetric stretching) and the ν 3 (triply degenerate asymmetric stretching) vibrations can be used to understand the molecular symmetry of the phosphoric acid and its adsorption complexes on metallic oxide surfaces. Herzberg [START_REF] Herzberg | Molecular Spectra and Molecular Structure. II. Infrared and Raman Spectra of Polyatomic Molecules D Van[END_REF] has placed the ν 3 and ν 1 vibrations for the tetrahedral PO 4 3-ion at 1082 cm -l and 980 cm -1 , respectively; however, the frequencies can vary and we can remark degenerations and frequency shifts depending on the protonation of the phosphate or the local symmetry of the adsorption site. This behavior is observed in different organo-metallic compositions where the symmetry and strength of the chemical bond depend on the metal (ligand -metal) in the complex [START_REF] Samia | Effect of Ligand-Metal Interactions on the Growth of Transition-Metal and Alloy Nanoparticles[END_REF].

In this respect, it's important to mention the effect of pH and deprotonation on the ) leads to a symmetry reduction from T d to C 3ν , and the triply degenerate ν 3 vibration splits into two separate ν 3 bands located at 1078 and 990cm -1 , and there is also ν 1 band activation at ≈ 850cm - 1 . Further protonation results in the formation of diprotonated phosphate (i.e., H 2 PO 4 -), which leads to a reduction in the symmetry from C 3v to the C 2v . This symmetry reduction leads to splitting of the ν 3 vibration into three ν 3 bands at ≈ 1160, 1074, and 940 cm -1 , and the ν 1 band remains active and shifts to higher wavenumber at ≈ 870 cm -1 , so that a total of four bands are present for this phosphate species (Fig. 3.13). At pH≈1.3, the symmetry of the dominant phosphoric acid species is H 3 PO 4 (C 3v ) and the spectrum shows doublets of the ν 3 vibration at ≈1179 and 1006 cm - Fig. 3.12. FTIR spectra of phosphoric acid at different pH values [147].

The relation between the number of IR active bands and phosphate symmetry can be used to interpret phosphate bonding configurations at mineral surfaces as adsorbed phosphate can be viewed as surface complexes. For example, when phosphate forms a non-protonated monodentate complex, the symmetry of the phosphate molecule is C 3v , and two ν 3 bands are expected to be present in addition to the active ν 1 band. When phosphate forms a bidentate complex, the symmetry of the surface complex is C 2v so that three active ν 3 bands should be present in addition to the ν 1 band. [START_REF] Samia | Effect of Ligand-Metal Interactions on the Growth of Transition-Metal and Alloy Nanoparticles[END_REF] As mentioned before, in this work phosphate deposition is done by two methods; first, immersion of nanostructured TiO 2 samples in Na 3 PO 4 stock solution (C=1.64 g/l) with a pH adjusted to 7.0. The adsorption was evaluated in different points of immersion time.

For the second method, standard electrodeposition, the same solution was used as electrolyte in a three electrodes electrochemical-cell (nanostructured TiO 2 sample, platinum electrode and calomel electrode). The phosphate electrodeposition was carried out in potentiostatic conditions at (-2.0V) for different durations.

The aim of this work is to provide in situ infrared spectroscopic evidences for the mechanism of phosphate adsorption on nanostructured surface, regarding the identification of the adsorbed species, the nature of the interaction between the species and the surface.

2.1.Experimental results

Phosphate Deposition by immersion

From IRRAS spectra for the immersed samples of nt-TiO 2 in phosphate solution, we observed broadband with several components that located at; 1030, 1100 and 1153 cm -1 (Fig. 3.13). For the bands at 1030 and 1100cm -1 (Fig. 3.13), the adsorbed complex was very similar to those observed by Michelmore et al [START_REF] Michelmore | The interaction of linear polyphosphates with zincite surfaces[END_REF][START_REF] Michelmore | Ralston The interaction of linear polyphosphates with titanium dioxide surfaces[END_REF] The peak at 980 cm -1 observed by Michelmore et al [START_REF] Michelmore | The interaction of linear polyphosphates with zincite surfaces[END_REF], assigned to the stretching vibrations of P-O-Ti, isn't visible in our spectrum and this could be because the absorption bands are broad and overlapped with the peak at 1030 cm -1 . So we have realized a peak decomposition to define the absorbed species. (Fig. 3.14) These results agree with Connor and McQuillan [START_REF] Connor | Phosphate Adsorption onto TiO2from Aqueous Solutions: An in Situ Internal Reflection Infrared Spectroscopic Study[END_REF] who reported that phosphate binds strongly as bidentate surface species. In their results, the peak at 980cm -1 wasn't detected either. They also reported that spectra of the phosphate species adsorbed on TiO 2 surface are different from those of phosphate solutions where P-O bonds on the substrate were at lower frequencies (1030, 1100 cm -1 ) than that in the solution (1077, 1155cm -1 ).

The band at 1153cm -1 wasn't mentioned in Michelmore et al studies but it was observed on hematite (iron oxide) by Persson et al. [START_REF] Persson | Structure and Bonding of Orthophosphate Ions at the Iron Oxide-Aqueous Interface[END_REF] where this high frequency band could correspond to an adsorbed structure with a highly ionic bonding (physical adsorption). The existence of adsorbed protonated complex is combined with a broadband absorption around 3200 cm -1 (OH hydrogen bonding).

These results can be supported by the fact that HPO 4 2-and H 2 PO 4 2-species are dominant for pH =7.0 and can be adsorbed onto the oxide surface following deprotonation in an acid-base mechanism with surface hydroxyls.

Phosphate electrodeposition

Before presenting the obtained IRRAS spectra for such method, it's important to present the deposition mechanism of standard electrodeposition method applied in this 

2H 2 O+ 2e -→H 2 + 2OH - (1) 
Then the local phosphate ion concentration increase due to the hydroxide ion engagement reactions (2) and (3). This means that in the constant potential mode, the accumulation of OH -led to an increased production of PO From IRRAS spectra of electrodeposited phosphate (Fig. 3.16), we can observe the same adsorption range observed for the immersion method with a major peak around ≈ 1000 cm -1 where components similar to the immersion case can be distinguished suggesting the same adsorption geometry complexes that were observed with immersion method.

But then, when continuing in the process (increasing electrodeposition time) we found a broad band with two dominant bands appear at 984 and 1100 cm -1 which correspond with the P-O asymmetric stretching vibration and ν 3 vibration mode for P-O-Ti bond. Arai et al. mentioned a monodentate mononuclear complex with C 3v symmetry [START_REF] Arai | ATR-FTIR Spectroscopic Investigation on Phosphate Adsorption Mechanisms at the Ferrihydrite-Water Interface[END_REF] for this couple of absorption bands. We can also remark that the band located near 1153 cm -1 is not present as in the case of the immersion method. The protonated adsorbed species doesn't exist in this case as they can react with the hydroxyls produced during water hydrolysis.

In addition, we found that the adsorption intensity was much more important than in the immersion case (≈ x 10).

Alkaline treatment of nanostructured TiO 2 surface

As surface charge plays a key role in enhancing the mineralization of apatite.

Yamashita et al [START_REF] Yamashita | Acceleration and deceleration of bonelike crystal growth on ceramic hydroxyapatite by electric poling[END_REF] reported that heterogeneous nucleation of CaP could only happen on negatively charged surface. However, at positively charged Ti oxide surfaces, competitive adsorption between phosphate and chloride ions from electrolyte was found to block the growth of calcium phosphate phases [START_REF] Calvert | The negative side of crystal growth[END_REF]. For that reason, attempts have mainly focused on creating negative ions at the surface of Ti by chemical or physical methods. Common chemical methods use hydrogen peroxide or alkaline treatment.

NaOH treatment is popular among current dental implant investigators. By immersing implants in sodium hydroxide in relatively high temperatures (≈ 60°C) then rinsing in distilled water. This results in the growth of a sodium titanate layer on the implant surface allowing calcium phosphates compounds deposition such as hydroxyapatite. [START_REF] Wang | A comparative study of in vitro apatite deposition on heat-, H(2)O(2)-, and NaOH-treated titanium[END_REF]. The titanate gel layer obtained after these treatments bears negatively charged Ti-OH groups under physiological conditions, which facilitate the precipitation of Ca 2+ and as the calcium ions accumulate on the surface, the surface gradually gains an overall positive charge. As a result, the positively charged surface combines with negatively charged phosphate ions to form a calcium phosphate compound [START_REF] Kim | Preparation of bioactive Ti and its alloys via simple chemical surface treatment[END_REF].

Sodium titanate is well known for accelerating CaP formation in (CaP sol ) [START_REF] Barrere | Nano-scale study of the nucleation and growth of calcium phosphate coating on titanium implants[END_REF]. The surface acts as a site for the subsequent nucleation of calcium phosphates when immersed in CaP solution (CaP sol ). This involves an initial formation of Ti-OH by the release of sodium ions from the sodium titanate layer due to the process of ion exchange. This is followed by formation of calcium titanate as a result of reaction with the calcium ions from the solution.

Kokubo et al. [START_REF] Kokubo | Bioceramics and Their Clinical Applica-tions[END_REF] reported an enhancement of the bioactivity and bone-bonding ability of titanium implants treated with an alkali hydroxide solution.

3.1.SEM and XPS experimental results for alkaline treatment

In our experiments we have treated TiO 2 samples with 1 M NaOH solution at 60°C, after that the samples were rinsing with distilled water , dried and conserved for CaP coating.

(Fig. 3.17) represents TiO 2 nanotubes after NaOH treatment for 10 minutes and shows the deposits on the sample substrate. A ring of deposits is formed around the nanotubes neck or edges; "Ring-like shape". 

3.2.NaOH pretreatment effect on phosphate adsorption onto TiO 2 nanotubes

(Fig. 3.20) shows the IRRAS spectra for the phosphate adsorption onto NaOH pretreated titanium nanotubes by immersion and electrodeposition at -2V.

In both spectra we can observe growth of phosphate deposits with similar adsorption intensity as compared to deposits onto non-treated (nT-TiO 2 ) previously presented. At low coverage, a broad band composed of peaks near 1040, 1110 and 1145 cm -1 can be clearly seen and presents the same components as for the immersion on nt-TiO 2 . For higher coverage, the main broad peak is around 960 cm -1 and this can be related to a modification of the adsorption geometry with immersion time.

From these observations we can suggest that in a first step, bidentate complexes are adsorbed onto the surface which transform to monodentate species when phosphate surface density increases.

When deposition is realized by electrodeposition, one can observe a completely different behavior. A sharp absorption band localized at 870 cm -1 dominates the IR spectrum with a low intensity broad band located near 1050 cm -1 .

Such a spectrum with a dominant strong absorption band located at low frequency has been observed by Persson et al. [START_REF] Persson | Structure and Bonding of Orthophosphate Ions at the Iron Oxide-Aqueous Interface[END_REF] in the case of orthophosphate adsorbed onto goethite at basic pH (12.8). This observation correspond to the results of Raj et al.

[158] and Arai et al. [START_REF] Arai | ATR-FTIR Spectroscopic Investigation on Phosphate Adsorption Mechanisms at the Ferrihydrite-Water Interface[END_REF] for adsorption in a basic pH indicating the existing of a third complex tridentate.

Raj et al have realized DFT calculations for different phosphate modified titania and

only tridentate complexes give rise to a main absorption band located near 900 cm -1 . In order to investigate if the adsorbed phosphate are localized inside the tube or only adsorbed on the tube edges, we have performed an XPS depth profiling with Ar + ion sputtering (3.0 KeV). (Fig. 3.21) The estimated sputtering depth is 0.3 nm.s -1 on Al 2 O 3 thin film. In each case, the P 2p signal remain constant even after a sputtering of 30.0 nm, meaning that the phosphate adsorbed entities are located on the nanotubes wall.

We can observe a carbon contamination mainly located on the tube edges.

Functionalization of nanostructured TiO 2 surface with calcium phosphate and Strontium-doped Calcium phosphate

As mentioned in chapter I, and due to the fragile nature of bulk CaP ceramics, it cannot be used in orthopedic or prosthetic devices because they tolerate high functional pressures during their expected lifetimes. Still, as CaP coatings of metallic implants, they permit the amelioration of implants bioactivity and osteoconductivity as these compounds are very similar chemically to inorganic bone matrix [START_REF] León | Thin Calcium Phosphate Coatings for Medical Implants[END_REF].

Upon implantation, these CaP coatings dissolve and release Ca 2+ and HPO CaP coatings is an interesting approach to improve the properties of the implant coating and thereby increase the possibility for a positive bone response in vivo.

Therefore, in our work we applied pulsed electrodeposition to depose CaP compounds as this method has many advantages over plasma spraying and which will be discussed in this chapter.

This section investigated the ability of nanostructured Ti surface to induce CaP and Sr-doped CaP nucleation and growth in vitro via electrodeposition method with discussing of the coatings composition. Samples were characterized by SEM, XPS and IRRAS.

4.1.Calcium Phosphate compounds

Calcium phosphate compounds are resorbable noncytotoxic materials that create chemical bonds between implant substrate and host bone to enhance the implant osseointegration. These compounds can also serve as drug delivery systems when doped with important bio-elements such as Sr and Zn and participated with antibiotics and proteins.

The major advantages of the CaPs include biocompatibility and resorbability in vivo [START_REF] Dorozhkin | Calcium orthophosphate cements for biomedical application[END_REF]. Upon implantation, these materials act as osteoconductive scaffolds but, as time passes, they degrade and are replaced by new bone during the remodeling process [START_REF] Dorozhkin | Calcium orthophosphate cements for biomedical application[END_REF].

CaPs degradation occurs by the combination of two processes; first in vivo dissolution, which depends on their composition and particle size [START_REF] Legeros | Calcium Phosphates in Oral Biology and Medicine[END_REF]. The second process is cellular resorption mainly by osteoclasts which is advantageous since it mimics the natural process of bone remodeling, in which osteoclasts resorb bone and then osteoblasts secrete bone matrix [START_REF] Schliephake | Repair of calvarial defects in rats by prefabricated hydroxyapatite cement implants[END_REF]. Bone substitutes regeneration and bioresorption rate depends on several factors such as porosity, composition, solubility and presence of certain elements that release during the resorption of the ceramic material and facilitate the bone regeneration [START_REF] León | Thin Calcium Phosphate Coatings for Medical Implants[END_REF].

Actually, CaPs and bone mineral are comparatively different in composition and degree of crystallinity. Bone mineral is a calcium compound and contains carbonate substitutions and some other ions which present in bone mineral such as magnesium (Mg 2+ ), sodium (Na + ), potassium (K + ), fluoride (F -), and chloride (Cl -) ions.

It has been reported that the most appropriate chemical formula for biological HAP is (Ca, M) 10 (PO 4 , Y) 6 (OH, X) 2 where M represents a substitution cation and X and Y represent substitution anions [START_REF] Vallet-Regi | Calcium phosphates as substitution of bone tissues[END_REF].

All current formulations of calcium orthophosphate cements are divided into two major groups, depending on the end-product of the reaction, apatite and brushite cements. The final product of the cement determines the solubility and therefore in vivo bio-resorbability. [START_REF] Bohner | Thermal reactions of brushite cements[END_REF].

Depending on the calcium/phosphorus (Ca/P) molar ratio and solubility of the compound, we can obtain different calcium phosphate compositions and crystallographic phases (as reviewed in chapter I). In general, the lower the Ca/P ratio, the more acidic and soluble the calcium phosphate phase.

Presence and incorporation of calcium phosphate precursors with aqueous solution stimulates various chemical transformations, where initial calcium phosphates crystals Actually, those metastable intermediate precursor phases can participate in the crystallization process. Moreover, the in vivo presence of peptides, proteins, and other inorganic compounds also affect the crystallization, making it difficult to predict the probable formed phases. [START_REF] Dorozhkin | Nanodimensional and Nanocrystalline Calcium Orthophosphates[END_REF] pH Hydroxyapatite HAp is the most stable phase and the least soluble and it is formed in neutral and basic pH [START_REF] Gbureck | Factors influencing calcium phosphate cement shelf-life[END_REF]. In more acidic solutions, DCPD and octacalcium phosphate OCP are often formed.

Brushite-like cements have attracted attention because they are resorbed in vivo much faster than apatite ones. Moreover, brushite-like compositions are metastable under physiological conditions and brushite based cements have relatively shorter setting times and considered to be ideal for in vivo resorption rate [START_REF] Bohner | Thermal reactions of brushite cements[END_REF][START_REF] Gbureck | Factors influencing calcium phosphate cement shelf-life[END_REF].

However, it's important to mention that brushite and OCP could form possible precursors before they transform to apatite. Although brushite and OCP are often detected during in vitro crystallization, they have not been found in normal in vivo calcifications, suggesting the formation of an initial amorphous calcium phosphate phase (ACP) followed by transformation to apatite. [165]

4.2.Strontium Substituted Calcium Phosphate

Recently, ionic substitution in CaP (mainly α, β-TCP) ceramics, by bio-elements such as magnesium (Mg), strontium (Sr) and zinc (Zn), have been of great interest because of their important role in the biological processes after implantation [166]. The presence of foreign ions into calcium phosphate structure can alter many structural, physicochemical and biological properties, such as lattice parameters, crystallinity, solubility in the setting liquid, resorption and bone bonding capability [166].

The substitution of a foreign ion also depends on the nature and size of the ion and its crystallographic site. It was reported that ion substitutions can happen in a CaP crystal structure if the valence of the replacing ion is within one unit of that of the ion being replaced and if the radii of the two ions are similar [START_REF] Alkhraisat | Combined effect of strontium and pyrophosphate on the properties of brushite cements[END_REF].

Mg, Zn and Sr match both requirements and these ions and can occupy the same site in a crystal. [START_REF] Alkhraisat | Combined effect of strontium and pyrophosphate on the properties of brushite cements[END_REF]. The current tendency is to obtain calcium phosphate bioceramics partially substituted by bioactive elements that enhance the bio-properties of the resulting implant coating, taking into consideration the influence of these elements on the bioactivity of TiO 2 implants.

Many researches were interested in the strontium (Sr) incorporation into the CaP structure due to its role in the calcifying of bone that is represented in osteoporosis and its deposition ability into the mineral structure of bone [START_REF] Marie | Mechanisms of action and therapeutic potential of strontium in bone[END_REF].

The presence of Sr can enhance endosteal and trabecular bone formation without affecting bone mineralization and reducing bone resorption which can directly influence the mechanical properties of bone, increasing the bone strength, while maintaining the bone physiological balance. Moreover, Sr can stimulate osteoblast differentiation and inhibit osteoclastogenesis when used in a dose dependent manner. Furthermore, strontium increases alkaline phosphatase activity (ALP), a marker of osteoblast differentiation, and enhances collagen synthesis [START_REF] Marie | Effect of low doses of stable strontium on bone metabolism in rats[END_REF]. This indicates that strontium stimulates bone formation in vitro, which classifies this agent as a boneforming drug in a dose dependent manner [START_REF] Marie | Effect of low doses of stable strontium on bone metabolism in rats[END_REF]. Beside its chemical analogy to Ca, Sr is a bone seeker element. In dental enamel, Sr was also found to stabilize the apatitic structure and induce higher resistance to degradation by bacterial acids. [START_REF] Skoryna | Effects of oral supplementation with stable strontium[END_REF].

From a crystal-chemical point of view, the incorporation of Sr 2+ led to an expansion of lattice parameters, because Sr +2 has an ionic radius (1.13 Å) higher than that of Ca +2 (0.99 Å), thus, its incorporation in bone crystals increases the length of Sr-hydroxyl bond more than that of Ca-hydroxyl. This in turn results in a decrease in the lattice energy, which is vice versa proportional to the cohesion distance and, therefore, a subsequent decrease in crystallinity. Thus, Sr incorporation in bone mineral may lead to the modifications in lattice parameters, crystal size, and crystallinity of bone mineral [START_REF] Kendler | Strontium ranelate data on vertebral and non vertebral fracture efficacy and safety: mechanism of action[END_REF]. For example, Kannan et al. [166] observed a linear expansion of lattice constant values with the increase in Sr concentration that was settled in the β-TCP structure.

Moreover, doping by Sr 2+ ions also influences the nucleation and growth and composition of CaP, Heughebaert et al [START_REF] Salimi | Crystal growth of calcium phosphates in the presence of magnesium ions[END_REF] indicated that traces of Sr 2+ ions have been shown to reduce the overall rate of CaP crystallization and delay the transformation of amorphous CaP to apatite phases.

Actually, doping CaP coating by Sr would help in taking advantage of both strontium and CaP for osseointegration. It was reported that CaP coating has been mostly realized by soaking the samples in SBF solutions [START_REF] Barrere | Nucleation of biomimetic Ca-Pcoatings on Ti6Al4V from a SBF× 5 solution: influence of magnesium[END_REF]176]. This process generally takes long immersion duration (hours to few days) to precipitate CaP on the TiO 2 nanotubes, with a low surface bonding strength [START_REF] Vallet-Regi | Calcium phosphates as substitution of bone tissues[END_REF]. TiO 2 surface is mostly negative in simulated biological environments (pH 7.4), thus it's electrostatically capable of attracting positively charged ions such as calcium. Cationic Ca 2+ reacts then with negatively-charged PO 4 3-and CO 3 2-to form a CaP containing surface layer which finally crystallizes to bone-like apatite [START_REF] Dorozhkin | Calcium orthophosphate coatings, films and layers ,Kudrinskaja sq. 1-155[END_REF]. Because this reaction occurs in an environment similar to that of natural apatite, it was reported [START_REF] Dorozhkin | Calcium orthophosphate coatings, films and layers ,Kudrinskaja sq. 1-155[END_REF] that such coating method may strengthen the bone-bonding better than those made by other methods such as plasma spraying. In addition, the nanotube arrays also participate in increasing surface roughness and provide surface area for the later hydroxyapatite coating deposition. Nanotubular structure serves as an excellent anchorage for CaP coating which improves the mechanical bonding of the implant to the bone.

Calcium phosphate CaP coating of Ti substrate by electrodeposition has been investigated as one of the simplest and most effective CaP coating methods [START_REF] Legeros | Properties of osteoconductive biomaterials: calcium phosphates[END_REF]. So taking advantages of nanostructured, NaOH pre-treated TiO 2 samples, we tried to depose CaP and Sr doped CaP onto those surfaces by pulsed electrodeposition method and make a physicochemical evaluation of such functionalized surfaces.

4.3.Pulsed Electrodeposition

In this work, we realized the CaP and Sr-doped CaP deposition from acidic aqueous solutions by pulsed electrodeposition at room temperature applied by Kar et al. [START_REF] Kar | Electrodeposition of hydroxyapatite onto nanotubular TiO2 for implant applications[END_REF].

Anodized samples were initially pretreated with 1M NaOH solution for 10 minutes at 60°C and introduced into the electrolyte for CaP deposition. A typical three-electrode electrochemical cell is used. A periodic pulse potential was carried out by scanning the potential between 0.0V and -2.0V forming potential pulses (PP) that was repeatedly set and started at -2.0V for 0.5s and immediately followed by 0.0V relaxation potential for 0.5s. The pulsing cycle is schematically illustrated in (Fig. 3.24). From these reactions, it can be observed that formation of the enough quantity of hydroxyls ions is necessary for deposition of CaP according to the reaction (5):

10Ca 2+ + 6PO 4 3-+ 2OH -→Ca 10 (PO 4 ) 6 (OH) 2 (5)

The reaction (5) occurs when the OH -ions are adsorbed on the cathode surface [180].

In the absence of the sufficient concentration of hydroxyl ions, octacalcium phosphate (OCP) or brushite precipitation could occur. The hydroxyl ions are available from the water reduction reaction (2b). [180]. When a high cathodic current density was pulsed, Ca 2+ ions were attracted to the surface and presence of the hydroxyl and phosphate ions resulted in the electrodeposition of CaP according to the reaction (5).

The type of CaP deposited onto the surface should strongly depend on the pH of the solution as well as on the ions concentrations near the interface. As it can be seen on (a), (b) and (c), the deposits are growing on the outside edges of the TiO 2 nanotubes "Ring-like shape", indicating that tubes edges are the most reactive sites of the nT-TiO 2 surface and that they act as an anchor of the coating and improve mechanical interlocking between the coating and the substrate. As can be seen, the calcium phosphate coating obtained under these conditions is quite uniform. This effect is primarily due to the influence of periodic pulses on mass transport of hydroxyl ions that are generated as a result of the electrolysis. The period between pulses allows ions concentrations relaxations near the interface. From a crystal growth point of view, nanotubes edges are very reactive area as compared to tube walls and they are considered as preferred areas for adsorption process and act as steps on a plane surface. Actually, for better biological results, it would be preferable not to cover the surface totally with coatings, because having porous voids between the coatings allows the mechanical interlocking between the TiO 2 nanotubes and the living bone because of the larger surface area and the irregular surface, thus we can gain the both mechanical and biochemical integration and binding between the functionalized TiO 2 implant surface and the surrounding bone. In addition, by comparing constant potential and pulsed potential conditions, we have found that incorporation of a pulsed potential as in Shirkhanzadeh [START_REF] Shirkhanzadeh | Electrochemical preparation of bioactive calcium phosphate coatings on porous substrates by the periodic pulse techique[END_REF] provides coatings with superior uniformity, topology, and adhesion.

4.4.Experimental Results

Surface Characterization By Scanning Electron

Surface Characterization By Infrared Spectroscopy IRRAS

CaP deposit growth has also been investigated by IRRAS allowing a chemical characterization of the CaP clusters according to their size.

In our experiment, the infrared spectra (Fig. 3.26) are dominated by the broad absorption band located near 1000 cm -1 which is characteristic of phosphate vibration.

We observed that the band shape evolves with the coverage ratio, i.e. with the anchored CaP nano-particles size intensity. Actually, this band is mainly composed of two peaks (1030 cm -1 and 1100 cm -1 ) with the higher wave-number peak at 1100 cm -1 that becomes dominant for high CaP coverage ratio with also a weak shoulder in the 800-900 cm -1 range. These bands are assigned to ν 1 and ν 3 modes of phosphate entity. As these two bands are located at higher wave-number comparing to free HPO 4

, we suppose a bidentate coordination as for PO 4 3-[184].

As the CaP clusters size increase, the 1100 cm -1 completely dominates the IR spectra.

This band can be attributed to HPO 4 2-in poorly crystallized CaP compound [START_REF] Gadaleta | Two-Dimensional Infrared Correlation Spectroscopy of Synthetic and Biological Apatites Biospectroscopy[END_REF].

The IRRAS spectra (Fig. 3.26) also reveal a broad absorption band located by 3300 cm -1 that is correlated with stretching mode hydrogen bonds (OH or H 2 O).

Low intensity peaks by 1500 cm -1 were observed which could be attributed to carbonates.

The obtained spectra, and the symmetric and asymmetric vibrations at 1030-1100 and 900 cm -1 confirmed the amorphous apatitic nature of the CaP films formed on the substrates for different coverage ratios.

Actually, it's important to mention here that Ca 2+ ions lead to an increased amount of adsorbed phosphate. This additional adsorbed phosphate would come from the formation of surface complex consisting in a bidentate phosphate bound to amorphous TiO 2 , with Ca 2+ binding to the already adsorbed phosphate.

However, (Fig. The spectrum includes, also, peaks at 1550 cm -1 due to CO 3 2-ions, which probably came from contamination by atmospheric carbon dioxide during the preparation and washing.

According to Casciani et al, [START_REF] Casciani | [END_REF] these phosphate bands can be attributed to CaHPO 4 .

The band located at 1243 cm -1 is associated with the v 5 P-OH local in plane bending mode of HPO 4 2-group in CaHPO 4 compound [START_REF] Suguna | Role of Strontium on the Crystallization of Calcium Hydrogen Phosphate Dihydrate[END_REF], the peaks at 885 cm -1 ,1120, 1195 cm -1 are characteristic of delocalized mode of CaHPO 4 compound. [START_REF] Mevellec | Polarized infrared reflectance spectra of brushite (CaHPO4•2H2O) crystal investigation of the phosphate stretching modes[END_REF][START_REF] Xu | Vibrational Spectroscopie Investigations of Calcium Phosphates and Dental Materials[END_REF] Compared to Casciani infrared spectra [START_REF] Casciani | [END_REF], the absorption bands of (Fig. 3.27) are much larger, probably due to a less disordered compound in the case of the electrodeposited coating. In our study we didn't use XRD (X-Ray Diffractometer) to characterize the deposits because the coating layer is very thin and the deposits quantity is very small thus XRD won't be sensitive to characterize such coated surfaces. But Faralay et al. [START_REF] Farlay | Mineral maturity and crystallinity index are distinct characteristics of bone mineral[END_REF] reported a significant correlation between the crystallinity index measured by IRRAS (The width of the peak 604 cm -1 which corresponds to ν4 O-Ti-O bending mode in phosphate) and the crystallinity measured by X-ray diffraction. Thus, we can observe in (Fig. 3.28) a wide large peak in nondoped CaP deposits indicating an amorphous composition while in the case of Sr doped CaP deposits we can observe two thin peaks indicating a crystalline composition and they are characteristics to brushite compositions.

Surface Characterization By X-Ray Photoelectron Spectroscopy

To get more information about the chemical composition of the coatings and to obtain the elemental ratios in the surface, samples were characterized by XPS spectroscopy.

Concerning XPS experiments, all spectra show a positive energy shift of 1.7eV referenced to the C 1s peak at 285.0eV and the energy scale has not been corrected.

(Fig. 3.29) presents XPS spectra of 500 PP (a) and 3000 PP (b) CaP deposited onto nT-TiO 2 . On these spectra, we observe that the substrate Ti signal (2p strongly reduces the C 1s peak, we conclude that the carbon contamination is mainly localized at the ultimate surface of the coating.

The chloride ions Cl 2p (199.5eV) peak was assigned to the adsorption of Cl -ions at the outermost surface [START_REF] Ntais | TiCl4(THF)2 impregnation on a flat SiOx/Si(1 0 0) and on polycrystalline Au foil: Determination of surface species using XPS[END_REF]. These adsorbed Cl -may facilitate the electrostatic adsorption of Ca 2+ and thus trigger the heterogeneous precipitation of a CaP phase by enhancing the negative charge of the surface. Peaks area are corrected by sensitivity factor [START_REF] Nakamoto | Infrared and Raman Spectra of Inorganic and Coordination Compounds[END_REF] given in (Table 3.3), where we can tentatively interpret semi-quantitatively our results and we obtained the following surface concentrations ratios that are presented in (Table 3 [START_REF] Combes | Amorphous calcium phosphates: synthesis, properties and uses in biomaterials[END_REF]. When the pH becomes more acidic, ACPs may contain HPO 4 2-ions giving a compound characterized by lower [Ca]/[P] value which remains >1.0. Crystalline CaP phases like OCP and calcium-deficient apatite have been observed [START_REF] Christoffersen | A contribution to the understanding of the formation of calcium phosphates[END_REF].

Moreover, ACP composition can change with ageing as proposed by Heughebaert et al [START_REF] Heughebaert | Conversion of amorphous tricalcium phosphate into apatitic tricalcium phosphate[END_REF] and internal hydrolysis between PO 4 3-and H 2 O can occur in ACP gels, leading to HPO 4 2-and OH -ions formation [START_REF] Heughebaert | Conversion of amorphous tricalcium phosphate into apatitic tricalcium phosphate[END_REF]. This type of reaction can exist during our pulsed electrodeposition process. This technique is based on water electrolysis, which induces a local increase in pH at the cathode where the metal substrate to be coated is placed. When the electrolysis bath contains a metastable calcium and phosphate solution this pH rise increases the concentration of PO 4

. Under these conditions homogeneous precipitation can occur at the cathode. It's also suggested that during the cathodic pulse (-2.0V), water reduction produce a high hydroxyl concentration near the n-TiO 2 electrode surface in an acidified solution that contains H 2 PO 4 -and HPO 4 2-entities, leading to a complex precipitation with HPO 4 2-and OH - ions. (Fig. 3.32):

H 2 O + PO 4 3-→ HPO 4 2-+ OH -
In the case of an amorphous disordered compound (α-ACP) elaborated in alkaline medium, with calcium deficiency, a range of composition of α-ACP can be represented by the following formulae : Ca 9-y (PO 4 ) 6-x (HPO 4 ) x (OH) x-2 . From the ratio

[Ca]/[P]≈ 1.30 found by XPS,wa can expect a compound like Ca 4 (HPO 4 ) 3 (OH) 2 , Ca 4 PO 4 (HPO 4 ) 2 (OH) or Ca 4 (PO 4 ) 2 (HPO 4 )(OH) [START_REF] Dorozhkin | Biological and Medical Significance of Calcium Phosphates Angew[END_REF]. From O 1s and P 2p deconvolution, we can expect the rich OH compound Ca 4 (HPO 4 ) 3 (OH) 2 . The difference of compound chemistry and structure between pure and Sr doped CaP coating is not surprising as foreign ions like Sr 2+ ions can strongly affect CaP compounds structure and stability. In fact X 2+ cations like Sr 2+ , Zn 2+ or Mg 2+ are known to favor the less compact calcium phosphate structure (TCP, lamellar DHCP) compared to the more complex HaP phase [START_REF] Gomesa | Etude structurale des substitutions ioniques dans les BCP (Phosphates Calciques Biphasiques) MATERIAUX 2010 -18-22 octobre 2010[END_REF][START_REF] Pina | Ferreira Brushite-Forming Mg-, Zn-and Sr-Substituted[END_REF]. For example, the Sr 2+ ionic radii is about 12% higher than the Ca 2+ one, which gives greater steric constraint adaptability in less compact structures. Actually, for pure CaP coatings, ACP is found in several composite materials used in odontology as a remineralising phase for enamel and dentine and in toothpaste formulations as a remineralising agent for early carious lesions. It was also reported that ACP showed better osteoconductivity in vivo than apatite and its biodegradability was higher than that of tricalcium phosphate (Ca 3 (PO 4 ) 2 ) [201].

It can be noticed too that [O]/[P] ratio or

For Sr doped CaP coatings, the substitution of Ca 2+ by Sr 2+ ions in the apatite lattice is a very important heteroionic substitution since it is known to interfere with the calcification mechanism [START_REF] Christoffersen | Effects of strontium ions on growth and dissolution of hydroxyapatite and on bone mineral detection[END_REF]. Furthermore, Dorozhkin [START_REF] Dorozhkin | Calcium Orthophosphates in Nature[END_REF] investigated the incorporation of Sr in the α-TCP crystal structure reporting increased lattice parameters of the Sr-doped CaP in comparison to the Sr-free CaP. The lattice strains due to Sr substitution favored the milling process and made the coating more reactive.

Comparing to other (CaP) phases which exist in human bone, DCPD and DCPA cements have a higher solubility than hydroxyapatite (HAP) at physiological pH, with a good resorption rate in vivo. [START_REF] Bohner | Compositional changes of a Dicalcium phosphate dihydrate cement after implantation in sheep[END_REF]. Also, such cements have good performance in vivo, where the cement resorption is soon followed by new bone formation.

Histological measurements indicated good biocompatibility of these compounds, with almost complete absence of inflammatory cells [205].

DCPD particles are found in the non-collagenous organic matter around nonmineralized collagen fibers, and it is believed that these particles serve as the reservoir of calcium and phosphate ions for subsequent mineralization. [START_REF] Pina | Biological Responses Of Brushite-Forming Zn-And Znsr-Substituted Β-Tricalcium Phosphate Bone Cements[END_REF][START_REF] Wen | Microstructural investigation of the early external callus after diaphyseal fractures of human longbone[END_REF] Furthermore, Villareal et al. [208], reported that higher alkaline phosphatase (ALP) activity was remarked with DCPD compositions compared to HAP, which can be reflected in positive effect on the osteoblastic population and bone apposition.

Summary

In this chapter, vertically aligned nanotube arrays of titanium oxide on the surface of titanium substrate have been prepared by anodization, then we have evaluated phosphate adsorption onto nanostructured and NaOH pretreated TiO 2 surfaces observing stronger bonds between phosphorous molecules and nanostructured surfaces when pretreated with NaOH.

CaP coating is deposited on anodized titanium by pulsed electrodeposition in an electrolyte containing calcium and phosphate ions. The surface morphology of TiO 2 nanotube promotes mechanical interlocking between CaP and TiO 2 where deposits are anchored around and between the tubes. The deposition method helps in the improvement of bonding strength as well.

Moreover, we noticed that the initial adsorption is around nanotubes edges, which confirms that titanium surface nanostructuration allows the creation of new surface sites with specific reactivity and are considered as preferential adsorption site for CaP and located on the nanotubes edges as revealed by SEM.

Chemical composition of the adsorbed thin films has been observed by XPS and IR spectroscopies. Both IR and XPS spectra have clearly shown that the addition of Sr into the CaP layer favor Ca 1-x Sr x HPO 4 compound similar to DCPA or DCPD, while the pure CaP coating looks like an amorphous apatite-like compound (α-ACP). Thus, applying pulsed electrodeposition enabled us to obtain a powerful chemical functionalization of nanostructured titanium surface with bioactive compound that is anchored on the nanotube edges which are considered as the most reactive nucleation sites on the (nT-TiO 2 ) surface. The addition of strontium has the double advantage of supporting the mechanisms of cell multiplication and of giving an inorganic phase more easily bio-resorbable than HAP.

Such depositions could be considered as controlled bioactive coatings on (nT-TiO 2 )

that have positive effects when used for new implant design.

CHAPTER IV

Protein adsorption onto functionalized TiO 2 surfaces

Protein adsorption onto implant surface (biological effect)

Protein reactions are the first phenomena that occur when a foreign material is inserted into living body and is believed to be a major factor in controlling later cellular adhesion.

Following implantation, implant surface gets in contact with the blood coming from the injured vessels in the implant bed [START_REF] Puleo | Understanding and controlling the bone-implant interface[END_REF] and the biomolecules reach the surface in milliseconds. Proteins absorb first onto the surface, then change their conformation, denaturize and desorb from surface leaving their place to other proteins that have more affinity to the surface. The main role of this protein layer is the attachment of functional cells in the healing process and osseointegration. Many proteins such as fibronectin, vitronectin, laminin, serum albumin and collagen facilitate the attachment of osteogenic cells on titanium surfaces. [START_REF] Park | Effects of adhesion molecules on the behavior of osteoblast-like cells and normal human fibroblasts on different titanium surfaces[END_REF] Proteins are made up of different sequences of amino acids which exhibit different characteristics such as being polar, non-polar, positively or negatively charged which is determined by having different side chains. Thus, attachment of molecules with different protein for example, those containing Arginine-Glycine-Aspartate (RGD) sequences are expected to improve cell adhesion when placed into its physiological environment [START_REF] Wang | Improvement in hydrophilicity of PHBV films by plasma treatment[END_REF]. The sensitivity of cellular interactions to interfacial proteins probably is due to the presence of cell surface receptors for specific proteins and those receptors interactions are enhanced by the concentration of proteins at interfaces.

However, it was reported that protein adsorption is sensitive to specific physicochemical properties of the implant surface [START_REF] Puleo | Understanding and controlling the bone-implant interface[END_REF][START_REF] Wang | Improvement in hydrophilicity of PHBV films by plasma treatment[END_REF]. Therefore, protein binding capacity with implant surface is considered to be so important for successful osseointegration, since surface properties influence the protein adsorption. In this respect, implants surface modification by protein adsorption is used to enhance their For titanium dental implants, surface spontaneously adsorbs great amounts of various proteins from body fluids in an unspecific manner, resulting in complex interactions with different types of cells and platelets. Such unspecific events may also present foreign body responses causing an acute inflammation which can develop to chronic one if macrophages fail to destroy the pathogens that merge to form a foreign-body giant cell which quarantines the implant.

By coating an implant with extracellular matrix proteins ECM, macrophages will be unable to recognize the implant as non-biologic. The implant is then capable to continued interaction with the host, and thus, influencing the surrounding tissue. For instance, the implant may improve healing by secreting specific drugs such as growth factor. [START_REF] Kasemo | Biological surface science[END_REF] More recently, researchers have focused on the application of biomimetic CaP coating as a protein carrier system. Although CaP has been used for protein delivery in the past, most of the therapeutic agents are simply adsorbed onto CaP surfaces and then dissociate from CaP in a "burst release" fashion [START_REF] Laffargue | Adsorption and Release of Insulin-Like Growth Factor-I on Porous Tricalcium Phosphate Implant[END_REF]. In comparison, when proteins are co-deposited with CaP crystals in the biomimetic coating process, a sustained protein release is resulted as the coating slowly degrades in vivo [START_REF] Liu | Incorporation of Growth Factors into Medical Devices via Biomimetic Coatings[END_REF][START_REF] Liu | On the Study of BSA-Loaded Calcium-Deficient Hydroxyapatite Nano-Carriers for Controlled Drug Delivery[END_REF].

Other studies used BSA (Bovine Serum Albumin) as a model protein to analyse the protein uptake onto the ceramics and the release of the protein from the carrier material [START_REF] Wernike | Long-Term Cell-Mediated Protein Release From Calcium Phosphate Ceramics[END_REF]. BSA was also used because it has a similar size of growth factors.

It was reported that [START_REF] Wernike | Long-Term Cell-Mediated Protein Release From Calcium Phosphate Ceramics[END_REF][START_REF] Yamaguchi | Enhancement of albumin expression in bone tissues with healing rat fractures[END_REF] albumin is released by osteoblast cells exist in healing sites and this raise in albumin increases the proliferation of surrounding cells indicating that surface modification with BSA led to significant improvement in osteoblast-like cells binding to an electrodeposited CaP coating. Similar observations, but for MC3T3-E1 cells, were reported by Wen et al [START_REF] Wen | Incorporation of bovine serum albumin in calcium phosphate coating on titanium[END_REF] who have found that adsorption of BSA to the surface of conventional and nanophase ceramic (including hydroxyapatite) influences the activity of bone cells because BSA may have a specific binding interaction with hydroxyapatite which result in an improvement in the osteoblast cells bioactivity. Thus, it might be possible to develop better CaP coated biomaterials through an incorporation of BSA into porous mineral matrix to improve cell adhesion and proliferation [START_REF] Wen | Incorporation of bovine serum albumin in calcium phosphate coating on titanium[END_REF][START_REF] Ishida | Role of albumin in osteoblastic cells: Enhancement of cell proliferation and suppression of alkaline phosphatase activity (2004)[END_REF].

Due to the complex reactions of growth factors during bone healing, the quantitative and temporal framework of their delivery is very important for successful osseointegration. However, it was reported that the immobilization of growth factors with calcium phosphate ceramics has mostly been accomplished by adsorption of proteins onto the surface of the materials. [220].

Moreover, Wen et al [START_REF] Wen | Incorporation of bovine serum albumin in calcium phosphate coating on titanium[END_REF] reported that the presence of the adsorbed protein layer should mediate the formation of apatite layers and enhance the cellular response to the material.

Data reported [START_REF] Yamaguchi | Enhancement of albumin expression in bone tissues with healing rat fractures[END_REF][START_REF] Wen | Incorporation of bovine serum albumin in calcium phosphate coating on titanium[END_REF] that BSA may have a specific binding interaction with calcium phosphate compounds which could improve the bioactivity of osteoblast cells.

Though many researches focused on the studying of physicochemical features effects of the CaP coating as carrier system of proteins, the role of dopants such as cations (Sr 2+ , Zn 2+ ) in modifying protein adsorption onto functionalized TiO 2 surfaces for dental implants has rarely been studied.

As indicated in the previous chapter of this thesis, addition of strontium as a dopant changes the composition of CaP coatings. Incorporation of strontium in CaP lattice results in DCPA like cement instead of apatitic one. Due to the fact that DCPA cements are much more bioresorbables than apatitic ones, they can offer good opportunities to use them as a carrier for controlled release of drug and biomolecules.

In this part of work, we will investigate the influence of TiO 2 surface chemistry previously studied on the adsorption of a model protein which is found in high concentrations in the blood medium, the albumin.

In this work we used BSA (Bovine Serum Albumin) at a relatively low concentration (0.1 g.L -1 ) compared to blood concentration (50.0g.L -1 ). We used XPS and Infrared spectroscopy to characterize the surface interaction after immersion in an aqueous solution for a given period of time.

At each step, the sample is rinsed in deionized water and analyzed by IRRAS, allowing us to evaluate the amount of protein absorbed as a function of immersion time. For each point, the shape of the infrared spectrum gives us a clue of the evolution of the secondary and tertiary structure of the protein.

As the pH of the physiological environment of the implant vicinity can vary (especially when the inflammatory process starts with a very acidic pH), we decided to look at the influence of this parameter on the adsorption process. Actually, the pH of the solution is a critical parameter since it will affect the charge distribution of the protein and the surface.

The pH is particularly important because the secondary and tertiary structures of the protein are strongly pH dependent, as we will see in the next paragraph. We have The other elements of secondary structure include β-turns and unordered structure.

β-turns are sharp turns that connect the adjacent strands in an antiparallel β-sheet.

Unordered structure is generally a catch-all for regions that do not fall into one of the other categories. These are loops which form near the surface of proteins and join the other elements of secondary structure. [START_REF] Dewey | Introduction to Protein Structure Prediction BMI/CS 776[END_REF] Tertiary structure is the "global" folding of a single polypeptide chain. The most important factor in determining the tertiary structure of globular proteins is the hydrophobic effect. Hydrogen bonding involving groups from both the peptide backbone and the side chains are important in stabilizing tertiary structure [START_REF] Dewey | Introduction to Protein Structure Prediction BMI/CS 776[END_REF].

Tertiary structure arises when various elements of secondary structure pack tightly together to form the well-defined 3dimensional structure. However, the shape is maintained permanently by the intra-molecular bonds; hydrogen bond of one hydrogen atom shared by two other atoms, Van der Waals force is the weak force that incurs when two or more atoms are very close, disulphide bond which is a strong covalent bond formed between two adjacent cysteine amino acids that stabilizes the tertiary shape of a protein, and ionic bond as electrostatic interaction between oppositely charged ions (Fig. 4.5) Finally, there's another protein structure which is quaternary structure that arises when a number of tertiary polypeptides joined together forming a complex, bio-active molecule.

Bovine serum albumin

Bovine serum albumin (BSA) is a globular, heart-shaped (at physiological pH) extracellular protein representing the main component of the blood transport system with a typical concentration of 50 g/l and providing the transport of a range of physiologically compounds like calcium. BSA is pretty much used for protein adsorption studies since its structure is close to the human serum albumin (HSA)

structure [START_REF] Ramsden | Experimental Methods for Investigating Protein Adsorption-Kinetics at Surfaces[END_REF].

The molecular weight of BSA is 66kDa with an isoelectric point of 4.7 [START_REF] Peters | All about Albumin, Biochemistry, Genetics, and Medical Applica-tions[END_REF]. BSA is built from 583 to 607 amino acids such as aspartic and glutamic acids, lysine, and arginine. It is also characterized with high content of cysteine. (Table 4. [START_REF] Lartundo-Rojas | Influence de l'adsorption de protein (BSA) sur le comportement electochimique et la composition de surface d'un alliage Fe-17Cr en solution aqueuse[END_REF] At pH less than 4.3, the BSA molecule unfolds into a form with 45% α-helix and further unfolding to an expanded form is observed with the decreasing of pH value. In the basic solutions with pH more than 8, the BSA molecule forms of ~47% α-helix. In this consideration, we have to mention that the concept of "total charge" of the protein is only a partial view of reality and correspond simply to the global charge of the ionization of acidic and basic side chains of amino acid groups. Actually, in the solution, the counter-ions join locally their protonated or deprotonated functions by purely electrostatic bonds (to ensure "locally" electrical neutrality). This association forms the first layer that strongly bound to the protein in the double layer model (dense layer of Helmholtz (then called Stern layer)) [START_REF] Butt | Physics and chemistry of interfaces[END_REF]. This combination then form a set of electric dipoles which are localized on the molecular surface and are capable of interacting with the surface of another molecule or the surface of a solid.

This surface of the solvent ions that tightly bound to the ionized groups of BSA is surrounded by a diffuse layer (Gouy-Chapman layer) where the ions, well ordered adjacent the Stern layer, are much freer therefore easily moved during adsorption phenomena.

During adsorption on an oxide surface, electrostatic interactions will occur. The description of the local charges and dipoles that result in aqueous solution can be considered as attractive or repulsive forces on the microscopic scale. When the oxidation of a metal, the highly electronegative oxygen, attracts electrons in chemical bonds with the metal and thus finds itself negatively charged, while the metal atoms found them positively charged.

The chemical nature of the surface (surface anionic and cationic sites) can induce greater protein-surface interactions through either electrostatic or hydrophilic interactions [START_REF] Feng | Interaction of calcium and phosphate in apatite coating on titanium with serum albumin[END_REF]. The charged ions or groups on the substrate can bond the charged functional groups in the protein molecules to dominate the protein adsorption. As seen before, bovine serum albumin (BSA) has a high content of charged amino acids and can easily be adsorbed onto oxide surfaces like TiO 2 or deposited CaP nanoparticle by electrostatic interaction (charge-charge or dipole-dipole).

In the same way as we described the ionicity of the molecular surface of the BSA, we can describe the ionicity of the oxide surface. An important physical parameter (macroscopic) is the point of zero charge (PZC or IEP). This is defined as the pH of the solution (pH IEP ) for which the overall charge of the surface is zero [START_REF] Clayden | Organic Chemistry[END_REF] (as many positive charges as negative charges to acid-base direction Bronsted)

When the pH of the solution, in which the solid surface is immersed, is lower than the pH IEP , we obtain a positive global charge, while for pH values higher than pH IEP , we obtain a negative global charge. Thus, the pH of the solution influences both the state of charge of the BSA and the surface of the oxide. For titanium oxide TiO 2 , the PZC is about 5-6 for a non-nanostructured solid [START_REF] Kosmulski | surface charging and points of zero charge[END_REF]. In the case of nanoscale objects, the electronic structure due to the low dimensional,

gives particular surface sites that can have a very different reactivity.

Bavykin et al [START_REF] Bavykin | A novel cation-binding TiO 2 nanotube substrate for electro-and bioelectro-catalysis[END_REF], have shown that the PZC of TiO 2 nanotubes is close to 3.0, which means a pH more acid than for traditional forms of anatase type or rutile for macroscopic samples. For the different forms of calcium phosphates, PZC is basic, in the range 8.0-10.0. For calcium phosphate doped with strontium, the PZC is by 9.0 [START_REF] Kosmulski | Chemical Properties of Material Surfaces[END_REF]. Thus, in our work, we will look at adsorption process of BSA on an "acidic" surface (nt-TiO 2 ) and two basic surfaces (CaP.nt-TiO 2 and Sr.CaP.nt-TiO 2 ).

Note that for deposits made in this work, the low dimensionality can significantly change the value of PZC. The interpretation of adsorption phenomena cannot be limited to a simple analysis of the global charge of two adducts as other factors may be involved in the phenomenon of adsorption of a poly-charged macromolecule onto an oxide surface. In particular, the ions associated with the ionized groups that can act as bridging ions between the surface and the protein with elimination of one of the two ions associated with interacted functional groups. Furthermore, the protein, used in our work, is considered as a "soft" protein, that is deformable depending on the surrounding environment. Thus, it can adapt its spatial conformation to favor certain favorable interactions with the solid surface and to optimize the adsorption energy.

This geometric change in "form" may also be correlated with structuring of ions situated at the solid-protein interface to optimize bonds of 3 centers of type (-+ -or + -+).

According to W. Norde Concerning the influence of the ions that are present in the solution on the adsorption phenomena, it's also important to mention that the titanium oxide or CaP phase solubility and crystallinity are also important parameters for influencing the properties of the solution near the interface [START_REF] Daculsi | Biphasic calcium phosphate concept applied to artificial bone, implant coating and injectable bone substitute[END_REF].

Surface topography determines the scale of the surface area that interacts with the protein molecules. More surface area can provide more interaction sites for protein adsorption. Meanwhile, pore size can control protein adsorption. For example, Fujii et al [START_REF] Fujii | Selective protein adsorption property and characterization of nano-crystalline zinc-containing hydroxyapatite[END_REF], reported that zinc-substituted HAp (Zn-HAp) nano crystals with some Zn content was more appropriate for β2-microglobulin (β2-MG) adsorption than for BSA adsorption, which is attributed to the pore size presented on Zn-HAp being suitable for β2-MG adsorption. Actually, many researches were performed to investigate BSA adsorption onto different oxides surfaces because protein adsorption mechanism is very complicated and many factors are included in this process. (Fig. 4.8)

For example, Zeng et al. [START_REF] Zeng | Analysis of bovine serum albumin adsorption on calcium phosphate and titanium surfaces[END_REF] investigated BSA adsorption onto CaP and titanium surfaces as compared to germanium surfaces. This author reported that the higher increase in BSA adsorption was seen for BSA adsorbed onto a CaP surface, rather than on titanium (Ti) and germanium (Ge) surfaces, with a greater loss of α-helical structure due to stronger electrostatic interactions with the highly ionic surface of CaP that attracts protein and exerts a greater force on its functional groups.

Dasgupta et al [START_REF] Dasgupta | Zn and Mg Doped Hydroxyapatite Nanoparticles for Controlled Release of Protein[END_REF], evaluated the BSA adsorption by Zn and Mg doped hydroxyapatite to control the release of protein and reported that a decrease in α-helix content in doped and undoped BSA-HA which indicates that BSA's secondary structural integrity was distorted due to its interaction with HA crystal lattice. Also the amount of BSA uptake was found to be the highest for Zn doped HA-BSA nanopowder, while undoped HA-BSA nanopowder exhibited the lowest amount of BSA uptake which indicates that the addition of dopants significantly altered the quantity of adsorbed BSA and release behaviours of HA nano carriers. Zn doped HA-BSA nanocarriers being the least crystalline, released BSA at the fastest rate followed by Mg doped HA-BSA nanopowder and undoped HA-BSA nanopowders.

In this part of our work, we will investigate the influence of surface functionalization achieved in the first part of this thesis on protein adsorption phenomena such as BSA. 

Protein analysis by IR spectroscopy

IR spectroscopy offers the possibility of identifying the most physiologically relevant conformation of a peptide or protein, thus it was used in this part of work as a main analytic device to investigate protein/surface adsorptive interactions. The application of IR spectroscopy to protein analysis is based on the assessment of the amide bands.

Characteristic bands in the infrared spectra of proteins include the Amide I and Amide II that appear from the amide bonds between amino acids. [START_REF] Gallagher | FTIR Analysis of Protein Structure[END_REF].

The most sensitive spectral region to the protein secondary structural components is the amide I band (1700-1600 cm -1 ), which is due almost entirely to the C=O stretch vibrations of the peptide linkages (approximately 80%) coupled with little in-plane NH bending (<20%) ( The amide II band, (1500-1600 cm -1 ), is attributed to in-plane NH bending (40-60% of the potential energy) and to the CN stretching vibration (18-40%). Amide II is affected by side-chain vibrations but the correlation between secondary structure and frequency is not that accurate when compared to the amide I region. [START_REF] Bouhekka | Thesis : Adsorption of BSA protein on Silicon , Germanium and Titanium Dioxide invistegated by In situe ATR-IR spectroscopy[END_REF][START_REF] Krimm | Vibrational spectroscopy and conformation of peptides, polypeptides, and proteins[END_REF] However, in the infrared region (1200 -1400 cm -1 ), signal of amide III vibration could be observed. This vibration is the combination of the NH bending and the CN stretching with small contribution from the CN in-plane bending and CC stretching vibration. Amide III is less useful for studying the secondary structure of proteins because its effect by side chain and the backbone vibrations varies considerably.

Amide III signal in FTIR is weaker than amide I and amide II [START_REF] Bouhekka | Thesis : Adsorption of BSA protein on Silicon , Germanium and Titanium Dioxide invistegated by In situe ATR-IR spectroscopy[END_REF].

The correspondance between protein secondary structure and amide bonds

The band in the range 1650-1660 cm -1 is assigned to α-helix in aqueous environments.

According to Fu et el [START_REF] Fu | FTIR characterization of the secondary structure of proteins encapsulated within PLGA microspheres[END_REF], αhelix region attains 1661cm -1 . The vibration of β-sheet can be seen in the region (1620-1640 cm -1 ) and can be affected by varying strengths of the hydrogen bonding and transition dipole coupling in different β-strands.

The secondary structure of protein can be also determined from the amide II band, but the correspondance between IR spectra and secondary structure is more complex than in the amide I region because bands in the amide II region have not been well studied.

In amide II region, bands between 1540-1550 cm -1 are considred as α-helix and the βsheet vibration is the range 1520-1530cm -1 . β-turns can be seen around 1568cm -1 .

However, the important assignments of IR bands are given in ( depending on the secondary structures. [START_REF] Garidel | Fourier-Transform Midinfrared Spectroscopy for Analysis and Screening of Liquid Protein Formulations: Part 1, Understanding Infrared Spectroscopy of Proteins[END_REF] In our study, bovine serum albumin (BSA) was used as model protein to evaluate its adsorption onto the functionalized nanostructured TiO 2 surfaces. The use of infrared spectroscopy proves to be a valuable tool to monitor changes in protein structure based on certain parameters such as the coverage rate on the surface, the pH of the solution or the chemical nature of the adsorbent surface.

In order to make a qualitative characterization of the adsorption of BSA according to physical parameters such as the nature of the surface or the pH of the solution, we measured different infrared spectra depending on the amount of BSA adsorbed onto the surface of our samples.

One of the first observations is the intensity of the amide I band located in a spectral region 1600-1700 cm -1 . We can also compare the intensity of this characteristic band to the total intensity of amide I and amide II, the ratio of absorption bands can be related to structure modification and / or adsorption geometries.

From the evolution of the intensities (areas of the absorption bands) we can plot I=f(t).

On this curve, we can reveal the maximal intensities I max at coverage saturation and the slope of the tangent at the origin that is related to the adsorption speed for low coverage.

From the measurements amide I and amide II band intensities we can define a parameter R corresponding to the intensity ratio I AI / I AII . It has been shown by Rothschild et al that R value is related to the average orientation of helix α relatively to the surface on which it is adsorbed [START_REF] Rothschild | A spectroscopic study of rhodopsin alpha-helix orientation[END_REF].

In the case of a single helix, where it is lying on the surface (θ = 0°), a strong absorption of the amide I band is expected while for amide II it is a low intensity. In the case of a perpendicular direction to the surface plane, the intensity of the amide II band is expected to increase strongly as compared to the intensity of the band amide I [START_REF] Gallardo | Webb Tethering Hydrophobic Peptides to Functionalized Self-Assembled Monolayers on Gold through Two Chemical Linkers Using the Huisgen Cycloaddition[END_REF].

Note that this parameter R gives us only average information on the molecular orientation or of BSA as this protein consists of several segments of this type of secondary structure with random or statistic orientation which is strongly anisotropic for the N form of BSA (see Fig. 4.7). In the case of denaturation, on the contrary, most of the helixes are oriented in the direction of the axis of elongation of the protein i.e. parallels to the surface for this flat adsorption geometry.

In the case of films with highly organized molecular layer, the ratio R can be expressed in terms of the angle between the axis of the helix and the surface plan.

Ignacio et al give the following relationship:
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Wherein θ represents the angle of the helix axis to the surface normal axis, θ I is the angle at the dipole moment of the vibrational transition of the amide I band and θ II angle of the dipole moment of the transition of the amide II band [START_REF] Zhu | Effect of surface structure on protein adsorption to biphasic calciumphosphate ceramics in vitro and in vivo[END_REF] Fig. 4.11. Evolution of R parameter according to the average angle of helix α to the surface normal axis [START_REF] Gallardo | Webb Tethering Hydrophobic Peptides to Functionalized Self-Assembled Monolayers on Gold through Two Chemical Linkers Using the Huisgen Cycloaddition[END_REF] For these two most probable configurations of adsorption, when the protein does not undergo any change of secondary and tertiary structures, the average value of the parameter R can be estimated from the distribution angle given in (Fig. 4.12) and curve of evolution of parameter R according to the angle given in (Fig. 4.11) using a formula of the type:

Experimental results of BSA adsorption onto functionalized TiO 2 surfaces

In this work, we've evaluated the BSA adsorption onto uncoated TiO 2 nanotubes (nT- In each case, we observe a signal evolution that depends on both the nature of the surface and the pH value as revealed by the intensity level and the distribution of bands which compose the amide I band. A more detailed analysis, including the composition of the amide I band, is therefore desirable and was realized from the 4 components mentioned above. To achieve this spectral decomposition, we used the OMNIC software by setting the values of the vibrational frequencies and the width at half height of each band with defined constraints (+/-4.0 cm -1 and for the frequencies 12.0 +/-3.0 cm -1 for widths).

The bands shape is assumed to be of Gaussian type. The presented and treated curves are raw data without smoothing for noise reduction.

We note in some cases some negative absorption peaks which are located around 1100 cm -1 and which can be associated with a loss of phosphate entities concomitant with the adsorption of BSA. We note that this phenomenon is pH and surface dependent since it occurs only for BSA adsorption at pH 7.0 and 10.0 on the surface of CaP.nT- In order to investigate BSA secondary structure we realized (Fig. 4.16) a decomposition of amide I and amide II band for BSA adsorption on different surfaces (Peak Voigt profile: ν 0 ± 2 cm -1 , peak width≈ 11cm -1 ± 2 cm -1 ) that showed the different components of each amide band. To evaluate the R parameter we investigate the rapport of the peak area b/f (peak helix α in amide I to peak helix α in amide II). In addition, we note that the saturation occurs faster on non-coated surface as compared to coated ones.

However, the highest adsorption intensity was observed for Sr.CaP.nT-TiO 2 and in all cases we note that saturation is obtained very quickly (few minutes).

Actually, similar results were obtained in similar conditions by Zeng et al [START_REF] Zeng | Analysis of bovine serum albumin adsorption on calcium phosphate and titanium surfaces[END_REF] who indicated the increase of BSA adsorption according to time particularly at the first several minutes. At about 5 min, the amounts of BSA adsorbed on all surfaces were close to the saturation values [START_REF] Zeng | Analysis of bovine serum albumin adsorption on calcium phosphate and titanium surfaces[END_REF]. All curves have a similar appearance with a monotonous variation of the intensity following an exponential law; (%hα ≈ 37%). Note that %hα is higher for non-coated surfaces as compared to coated ones.

For basic pH we can observe a variation of %hα depending on the adsorbing surface, for nT-TiO 2 (Fig. 4.18 (I.c)) we observed that %hα starts with a value about 30% for low coverage rates and increased as a function of time to reach 37% for high coverage rates. For CaP.nT-TiO 2 surface (Fig. The R value is just lower than 2.3indicating that the BSA is mostly adsorbed as Nform with an end on geometry onto the surface. Nevertheless, the increase of %hα with coverage rate at basic pH 10, indicates that molecular conformation changes and secondary structure modifications arise when the adsorbed proteins get closer from each other in the surface layer. For low coverage rate θ, higher amount of helix-α denatures as compared to high coverage rate θ.

Two assumptions can be then suggested; the first one concerns a structural modification of the secondary structure with coverage, adsorbed proteins getting from a flatter configuration with a large proportion of helixes  transformed to random coils at low coverage to a more stable globular shape with a higher proportion helixes  at high coverage. These structural modifications can be induced by stronger intermolecular forces than the molecule-substrate interactions.

The second explanation could be that at low coverage, BSA is more strongly adsorbed in a flatter configuration, leading to a decrease of the active adsorbing surface with increasing BSA coverage. Thus, due to steric hindrance, BSA molecules cannot lie flat on the surface and should be weakly adsorbed in a more globular form containing a higher helixes proportion at high coverage. At saturation, the BSA should then be adsorbed with both denatured conformation flattered and more globular N-form molecules, giving rise to a statistical value for %hα around 40% that is lower than the value of 60% for the native BSA.

For pH 7.0 and 4.5, the nT-TiO 2 surface is negative while BSA has a low global charge. Concerning the adsorption in a neutral solution, the BSA is weakly negatively charged. This means that it is the charge distribution on the protein surface that drives the BSA-surface interactions rather than the global protein charge (globally repulsive).

This can be understood assuming a great adaptability for the protein shape (soft protein). On the other hand, the h evolution is remarkably different, as it remains constant with deposition time. The diminution of %hα and R with coverage rate/ time implies that some dynamic processes must be taken in consideration; a. Surface chemical modification consecutive to BSA molecule previously adsorbed or b. Evolution of the adsorption geometry as a function of time where protein adapts its shape to surface reactive sites distribution to minimize the adsorption energy. We can note that in this case, phosphate ions ae not released during the adsorption process (Fig. 4.15) with no strong negative adsorption band around 1100cm -1 correlated with the appearance of the amide bands of BSA.

Concerning the initial adsorption speeds, we remark that on CaP coating, it's always higher for adsorption process held at pH 4.5 in agreement with stronger global electrostatic interactions between BSA positively charged and negatively charged surfaces.

CONCLUSION

Dental implants are invasive medical prosthetic devices that integrate with the bone through a process called osseointegration. The term "osseointegration" is synonymous to a physical and biological contact between the surface of an implant and the surrounding bone. These interactions should persist in unfavorable mechanical and bacteriological conditions over time.

Historically, titanium is considered to be a material of choice for the majority of dental and orthopedic implants because of its biocompatibility and good mechanical properties. Clinical osseointegration is not synonymous to total bone-implant interactivity. Moreover, there are immediate and mediate failures in the current implantology. The effects of surface properties on the osseointegration of implants were investigated in many studies which reported that the osteoblasts proliferation and differentiation and proteins interactions are influenced by both the surface morphology and chemistry.

Nanostructuring is a promising technique that aims to create surfaces with a controlled topography and chemistry. Such morphologies allow to modulate cell behavior and to control the proteins-surface interactions. In addition to surface topography, its chemical composition is also essential to protein adsorption and cell adhesion.

The objective of this thesis is to create new nanostructured titanium surfaces functionalized with bioactive coatings and to study their physico-chemical properties to develop better models of dental implants in order to promote the process of osseointegration.

In this work, we have realized a double functionalization of titanium surface by topographical (nanotubes formation) and chemical (deposition of functional coatings) modifications. X-ray photoelectron spectroscopy (XPS) and Infrared Reflection-Absorption Spectroscopy (IRRAS) were used on order to study the interfacial chemistry and to characterize the adsorbed species onto the Ti nanostructured surfaces. The scanning electron microscopy (SEM) is also used to characterize the topography of surfaces.

We started with the nanostructuring of TiO 2 surface using the anodizing method to create TiO 2 nanotubes aligned perpendicularly to the surface. The anodized surface presents amorphous TiO 2 nanotubes aligned in a compact structure perpendicularly to the surface with an average diameter of about 35nm. The formation of thin nanostructured film of TiO 2 was visualized by SEM and confirmed by XPS and IRRAS spectroscopy.

We have first evaluated the ability of such nanotubes to adsorb small molecules such as phosphate ions. We also tested the influence of the alkaline pretreatment on TiO 2 nanostructured surfaces reactivity on phosphate adsorption. From the analysis of IRRAS spectra of the studied samples, we found that PO 4 3-is adsorbed by nanotubes (nT-TiO 2 ) in the form of two types of complexes. NaOH pretreatment of TiO 2 nanotubes resulted in the growth of a sodium titanate layer on the edges of (nT-TiO 2 ).

IRRAS spectra of the samples pretreated with NaOH, after adsorption of phosphate, presented a new adsorbed specy associated with a tri-coordinated surface complex, confirming that alkaline pretreatment induced a stronger molecular adsorption.

We have then evaluated the growth of CaP and Sr doped CaP (CaPSr) onto nT-TiO 2 surfaces by pulsed electrodeposition at room temperature. Strontium was used as an ionic substituent to optimize bone formation. The topography and the chemistry of the coating are evaluated according to the time of deposition by SEM, XPS and IRRAS.

SEM images of the samples coated with CaP and CaPSr showed that they were grown on the outer edges of TiO 2 nanotubes and that these edges were the most reactive sites of the nanostructured surface as they act as anchoring point of the coating. The surface coverage by the deposits increases as a function of time and the CaP nanoparticles anchored to the edges of the nanotubes aggregate and eventually cover the entire surface of the material. From the XPS spectra, we deduced that for the non-doped CaP coating, the concentration ratio between calcium and phosphorus is about Anhydrous) while the undoped CaP coating resembled to a composition of amorphous apatite (ACP). It has been reported that non-apatitic compounds are more soluble in organic media than those of apatite. Thus, strontium addition has the double advantage of supporting cellular activities and obtaining an inorganic phase with a better bioperformance than apatite compounds when used for dental implants.

In the last part of this thesis, we studied the adsorption properties of the functionalized surfaces with regards to interactions with BSA. BSA adsorption was performed on blank nanotubes (nT-TiO 2 ), nanotubes coated with CaP (CaP.nT-TiO 2 ) and nanotubes coated with Sr doped CaP (Sr.CaP.nT-TiO 2 ) in order to evaluate the influence of the chemical nature of the surface on protein adsorption process. Furthermore, we have evaluated the role of the pH of the solution in the adsorption of the protein (acid~4.5, neutral~7.0, and basic~10.0). In order to achieve a qualitative study of BSA adsorption onto the different surfaces, we have deconvoluted the IRRAS spectra as a function of the quantity of the BSA adsorbed by the surface (Amide I band). We have also investigated the rapport of adsorption bands Amide I and Amide II which can be related to the structural modification and/ or adsorption geometry. We have found that BSA adsorption depends strongly on the physico-chemical characteristics of both surface and solution.

The observations obtained in this work can be used to design a functionalization of implant surface in order to favor the cellular adhesion and colonization. The evaluation of protein adsorption and its conformation as well as the protein-protein interactions may offer an opportunity to understand its interactions with adhering cells during the first steps of cellular colonization.

As prospects, this work should be followed by biological tests of the functionalized surfaces and test of the coating adhesion. Moreover a study of the release kinetics of bioactive ions (Sr) would be very useful to control the healing period. Actually, such surface functionalization can be applied on other alloys such as TiZr. Furthermore, other agents / drugs (anti-inflammatory, growth factors) can be incorporated to create hybrid implants (inorganic-organic).
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 11 Fig.1.1. (a) The dental implant parts, (b) Structure of a dental implant in comparison with a natural tooth (http://www.theguelphdentist.com/dental-implants.html)
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 15 Fig.1.5. Orthopedic applications of Titanium (a) titanium hip joint (b) knee joint replacement
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 161718 Fig.1.6. Implants according to their position (a) subperiosteal "on top of the bone", (b)transosteal "through the bone" (c) endosseous "within the bone" (http://dentalimplants.uchc.edu/about/types.html)
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 19 Fig.1.9. The implant healing process
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 1 Fig.1.10 Histo-microphotographs of section from defect site implanted with TiO 2 scaffold. Section surface-stained with van Gieson. (A) Overview microphotograph. (B) Newly formed cortical bone inside scaffold. (C) New bone on scaffold surface within the bone marrow, distant from the cortical bone. (D) Old cortical bone next to new cortical bone. This bony border illustrates the vertical dimension of the original defect (polarized light). BM = bone marrow, TCI = titanium coin implant, OB = old bone, NB = new bone, S = scaffold. [28].
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 1 Fig.1.11 X-ray photo shows the difference between a successful and a failed dental implant
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 112 Fig.1.12. Schematic summarizing hypothesized mechanisms behind osteoinduction by biomaterials.[START_REF] Barradas | Osteoinductive Biomaterials: Current Knowledge Of Properties, Experimental Models And Biological Mechanism[END_REF] 
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 113 Fig.1.13. Schematic of the interactions between bone and the implant surface at different topographical scales.

  Fig.1.14 Crystal structure of biological apatites. Powder X-ray diffraction patterns and infrared spectra of enamel, dentine and bone[START_REF] Vallet-Regi | Calcium phosphates as substitution of bone tissues[END_REF] 
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 115 Fig.1.15. SEM images of titanium discs. (a) Disc with machined surface. Regular machining grows apparent on the surface. X2000 mag. (b) Disc with acid etched (HCl) surface with micro-texture without micro pits. (c) Disc with acid etched (HCl and H 2 SO 4 ) surface. Microtexture with few micro pits and smooth waviness[START_REF] Juodzbalys | New Acid Etched Titanium Dental Implant Surface[END_REF] 
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 116 Fig.1.16. SEM images of SLA Ti surface[START_REF] Hyeongil | The biocompatibility of SLA-treated titanium implants[END_REF].

Fig. 1 . 17 .

 117 Fig.1.17. SEM images showing the morphology of the surfaces of the Ti6Al4V substrates: machine-polished (a), grit-blasted (b) (http://dentalis-implants.com/documentation/bas-bioactive/the-optimal-ra-micro-roughness-surface)
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 118 Fig.1.18. SEM image of anodized nanotubular titanium 200 nm
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 119 Fig.1.19. SEM images of a titanium plasma-sprayed (TPS) surface (Courtesy of Cam Implants BV, The Netherlands).
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 120 Fig.1.20. SEM images of the implant surface: (x 3.000). a) as-machined; b) Al 2 O 3 blasted; c) plasma-sprayed with titanium; d) electrochemically coated with HAp [87].
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 121 Fig.1.21. Optical micrographs obtained at ×40 original magnification of the plasma-sprayed calcium phosphate-coated surface group at (a) 3 weeks and (b) 5 weeks implantation time. Note the remarkable amount of remodeling evidenced by the lighter staining at 5 weeks (box), showing rapid replacement of woven bone (dark blue) by lamellar bone throughout the
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 1 Fig.1.22. SEM images of a biomimetic calcium phosphate coating[START_REF] Le Guehennec | Surface treatments of titanium dental implants for rapid osseointegration[END_REF] 
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 123 Fig.1.23. SEM image of HAp-coated implant (X50)[START_REF] Costa De Almeida | In Vivo Characterization of Titanium Implants Coated with Synthetic Hydroxyapatite by Electrophoresis[END_REF] 

E B : Fig. 2 . 2 .

 :22 Fig.2.2. The photoemission process
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 23 Fig.2.3. Example of XPS "Wide Scan Survey Spectrum" for TiO 2 sample
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 24 Fig.2.4. XPS peaks shift of Ti when oxidized.
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 25 Fig.2.5. Deconvolution of overlapped copper and aluminum peaks.

  At temperatures above zero, all the atoms in molecules continuously vibrate with respect to each other. The vibrational modes of a molecule are quantized, so when the frequency of a specific vibration is equal to the frequency of the IR beam irradiating the molecule, photo-absorption arise and the molecule gets into a vibrational excited state. The major types of molecular vibrations are stretching and bending (Fig 2.7).When IR radiation is absorbed, the associated energy is used to amplify these types of motions, that's to say bond length stretching (2 centers) or bond valence angle bending (3 centers). The individual vibrational motion is usually coupled with other atomic motions, similarly to springs excitation when linked together. These combinations lead to the complex absorption bands observed in the IR spectrum.[START_REF] Chen | The structure of trititanate nanotubes[END_REF][START_REF] Nakamoto | Infrared and Raman spectra of inorganic and coordination compounds[END_REF] As mentioned above, vibrations can involve either a change in bond length (stretching) or bond angle (bending) (Fig 2.7). Some bonds can stretch in-phase (symmetrical stretching) or out-of-phase (asymmetric stretching), as shown in (Fig 2.8).
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 2728 Fig.2.7. Stretching and bending vibrations
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 29210 Fig.2.9. Different bending vibrations
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 211 Fig.2.11. Background and sample spectra

Fig. 2 . 12 .Fig. 2 . 13 .

 212213 Fig.2.12. Functional group region and fingerprint region in IR spectrum
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 313212 Fig.3.1. Illustrative drawing of an electrochemical cell
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 33 Fig.3.3. Schematic illustration of TiO 2 nanotube formation[START_REF] Brammer | Biomaterials and Biotechnology Schemes Utilizing TiO2 Nanotube Arrays[END_REF] 

  divided this diagram to five stages of nanotube formation: Stage I: Initial formation of coherent oxide layer Stage II: Pore formation Stage III: Pore widening and connection Stage IV: Nanotube growth Stage V: Continued nanotube growth from dissolution and oxide growth

Fig. 3 . 4 .

 34 Fig.3.4. Anodisation behavior of a 400 nm. Ti thin film anodized at 10 V in HF-based electrolyte (acetic acid and 0.5 vol% HF mixed in ration 1:7) at room temperature. Insets shows a typical current density vs. time response observed for a titanium foil anodized at the same potential and electrolyte[START_REF] Mor | A review on highly ordered, vertically oriented TiO 2 nanotube arrays: Fabrication, material properties, and solar energy applications[END_REF] 
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 31 Cit: citrate; t: time; D: inner diameter of nanotube; L: length of nanotube. SO 4 2-is from addition of H 2 SO 4 or NaHSO 4 ; PO 4 3-is addition of potassium hydrogen phosphate K 2 HP 3 O 4 ; Cit denotes citric acid from its salt, HO(CO 2 Na)(CH 2 CO 2 Na) 2 .2H 2 O. a Electrolyte components are in mol/L. b pH<1 represents a 1.0 or 2.0 mol/L H 2 SO 4 medium. c Quality Q of resulting nanotubes. NT: nanotubes uniformly across substrate. No NT: No nanotubes or partly developed nanotube /porous structures.
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 5 shows the relationship between anodisation potential E and outer diameter of the nanotubes d measured by cross-sectional SEM for various anodisation potentials between 1 and 100V.[130] The outer diameter increases with the increasing of anodisation potential and the relationship can be linear according to Eq. (1): d = 4.60E + 0.9 (1)[130] 

Fig. 3 . 5 .

 35 Fig.3.5. Dependence of outer diameter of nanotube on anodisation potential [130]

  Titanium foils were anodized (EGG Princeton Applied Research potentiostat A263) using a three-electrodes electrochemical cell with a platinum foil as cathode. Samples were anodized at 8,5V anodizing voltage, in 0.5wt% HF aqueous solution at room temperature. The titanium samples were anodized for 600s with an electrolyte of acetic acid and 0.5% HF with 1:7 ratio[START_REF] Mor | Enhanced photocleavage of water using titania nanotube arrays[END_REF].Anodized titanium surface obtained presents amorphous TiO 2 nanotubes aligned perpendicularly to the sample surface. Mean tubes diameter is circa 35 nm and the wall thickness 2.0 nm as the operating potential is 8.5V. The observed color was purple to deep blue, which gives a thickness of about ≈50 nm. (Fig.3.2) Samples were rinsed and conserved in deionized water(22 MOhms) to be used later for CaP coating of TiO 2 nanotubes. Anodized titanium surface in HF solution presents amorphous TiO 2 nanotubes aligned perpendicularly to the sample surface (Fig.3.7, 3.8).
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 200373839310 Fig.3.7. SEM image of anodized TiO 2 surface of the order of 0.04 mm 2 (White lines on the image are grain boundaries revealed by acid etching of the sample)

  symmetry and composition of phosphorus species. Phosphate has 3 pKa values (pK 1 =2.20, pK 2 =7.2, and pK 3 =12.3), and the protonation significantly affects the molecular symmetry. The following illustration shows the predominance domain of phosphorus species according to pH, indicating that PO 4 3-are dominates at pH>12.(Fig.3.12)[START_REF] Lynn | A novel method for the simultaneous, titrantfree control of pH and calcium phosphate mass yield[END_REF] 
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 3 Fig.3.11. pH variation of ionic concentrations for phosphoric acid solutions[START_REF] Lynn | A novel method for the simultaneous, titrantfree control of pH and calcium phosphate mass yield[END_REF] 
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 313 Fig.3.13. IRRAS spectra of immersed nt-TiO 2 samples in phosphate solution; the growth of adsorption intensity as a function of immersion time Phosphorus species are bound to titanium ions via P-O-groups, forming a P-O-Tibond. Precedent studies on other types of oxides reported that these bands could correspond to an adsorbed bidentate complex[START_REF] Michelmore | The interaction of linear polyphosphates with zincite surfaces[END_REF][START_REF] Michelmore | Ralston The interaction of linear polyphosphates with titanium dioxide surfaces[END_REF][START_REF] Persson | Structure and Bonding of Orthophosphate Ions at the Iron Oxide-Aqueous Interface[END_REF].
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 314 Fig.3.14. IRRAS deconvoluted spectra of phosphate band

  work. (Fig.3.15) shows typical current density-time curves recorded during phosphate deposition at -2.0V. The value of current density decreased during the first steps of deposition and then increased rapidly. The cathodic current density shifts from -0.5 mA cm -2 to a nearly steady value, -11.3 mA cm -2 at -2.0V.

Fig. 3 . 15 .

 315 Fig.3.15. Evolution of cathodic current density vs. time resulting from -2.0V potential applied for phosphate deposition onto nanostructured TiO 2 sample Accordingly, it's important to explain the mechanisms of deprotonation by cathodic reaction with OH -of the surface. The local pH on the titanium surface is increased relatively to the phosphate solution due to the reduction of water under these experimental conditions:
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 316 Fig.3.16. IRRAS spectra of electrodeposited phosphate on nt-TiO 2 at -2V
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 317 Fig.3.17. SEM image of (nT-TiO 2 ) treated with NaOH To investigate the chemical composition of the deposits, we realized XPS analysis of the surface (Fig.3.18) and calculated the atomic percentages (Na 9%, Ti 23%, O 47%, OH 21%) which suggest the following formula for the sodium titanate on the nanotube edges: Na 2 Ti 3 O 5 (OH) 4 +2(TiO 2 ).

Fig. 3 . 18 .

 318 Fig.3.18. XPS spectrum of NaOH treated TiO 2 surface
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 319 Fig.3.19. XPS spectra of nanostructured TiO 2 surface treated with NaOH as a function of time (5min, 10 min and 15 min).

Fig. 3 . 20 .

 320 Fig.3.20. IRRAS spectra of deposited phosphate on nt-TiO 2 by immersion and electrodeposition with NaOH pretreatment

Fig. 3 . 21 .

 321 Fig.3.21. XPS spectra recorded during depth profiling of phosphate adsorbed onto nt-TiO 2 (immersion)

  by the body. Such dissolution leads to the precipitation of biological apatite nanocrystals. This biological CaP layer will promote cell adhesion and differentiation into osteoblast, and also enhance the synthesis of mineralized collagen and the extracellular matrix of bone tissue. As a result, these CaP coatings promote a direct bone-implant contact without intervention of connective tissue layer leading to a proper biomechanical fixation of dental implants. Actually, such attempts to improve bone-bonding by titanium-based implants coating are commonly accomplished by plasma spraying which unfortunately had demonstrated high long-term failure ratios. The vertically aligned TiO 2 nanotubes on Ti substrate help in improving the binding between apatite coating and Ti substrate. Functionalization of the nanostructured TiO 2 surface by CaP coatings and Sr doped
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 322 Fig.3.22.Decrease in solubility of calcium phosphates with increasing Ca/P ratio.[START_REF] León | Thin Calcium Phosphate Coatings for Medical Implants[END_REF] 
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 169323 Fig.3.23. Strontium (Sr) anti-resorbing and bone-forming effects[START_REF] Marie | Mechanisms of action and therapeutic potential of strontium in bone[END_REF] 
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 324 Fig.3.24. Current versus time illustration during the CaP coating (Potential Pulses)When polarizing TiO 2 samples in cathodic direction, significant cathodic current is observed at -2.0V. This is because of the deprotonation or the reduction of acid phosphates to phosphate (reactions ((1a), (1b)) and reduction of protons or water (reactions ((2a), (2b)).

  Microscopy SEM (Fig.3.25) shows SEM images of the Ti nanostructured surface (nT-TiO 2 ) at different deposition time; (a) raw nT-TiO 2 , (b) electrodeposited CaP after 500 potential pulses (PP), (b) after1000 PP and (b) after3000 PP.
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 325 Fig.3.25. SEM images (5.0 KeV) of nT-TiO 2 surfaces taken before and after CaP pulsed electrodeposition. (a) Raw nT-TiO2 surface (b) CaP deposition after 500 potential pulses (PP) (c) 1000 PP (d) 3000 PP Going further in the deposition period, we got a high coverage ratio and the nucleation of the coatings became progressive so for high coverage ratios, CaP nano-particles anchored to tube edges get bigger and gathered to finally cover approximately the whole surface. (Fig 3.25.d)
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 326 Fig.3.26. IRRAS spectra of nT-TiO 2 surfaces after CaP pulsed electrodeposition.(b) 500 potential pulses (PP) (c) 1000 PP (d) 3000 PP. Both phosphate and OH vibration bands are visible at respectively 1100 and 3300 cm -1
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 327 reveals that IRRAS spectra are completely different for Sr doped CaP coating. For all spectra (Fig.3.27, a, b, c and d), at least four bands are clearly visible in the phosphate vibration modes region: 885, 1120, 1180, 1243 cm -1 .
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 327328 Fig.3.27. IRRAS spectra of 30% Sr doped CaP coating for 500PP, 1500PP, 3000PP and 5000PP (a, b, c and d respectively). While the broad band characteristic of bounded OH is still evident (OH stretching), the phosphate band presents a different structure when Sr 2+ is substituted to Ca 2+ .
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 1893293331 Fig.3.29. XPS spectra of nT-TiO 2 surfaces after pulsed electrodeposition (PP) of CaP (a) 500 potential pulses (PP) and (b) 3000 PP

Fig. 3 . 32 .

 332 Fig.3.32. Proposed mechanism of CaP nucleation in the presence of Sr 2+ at TiO 2 substrate (1) Sr 2+ substitutes Ca 2+ in the lattice structure or absorbs directly on the surface (2) Protonated PO 4 3-ions after adsorption at calcium sites.

  [O]/[Ca] are greater than 4.0 meaning that the coatings are hydrated (H 2 O in the formula). From the O 1s deconvolution, we observe [O H2O ]/ [O]≈ 0.20 which means that 20% of the oxygen signal is coming from H 2 O for almost all compounds studied in this work. This difference of chemical structure induced by Sr is also attested by a chemical shift on the O 1s and P 2p core levels when strontium is incorporated in the deposit. For low [Ca]/[P] calcium to phosphorus ratio like in DCPD, Chusuei observed an increase of 0.5eV for O 1s and P 2p binding energy between ACP and DCPD, while the Ca 2p peak is located at the same binding energy [201]. When we refer binding energies to the Ca 2p level (avoiding change in work function between samples), we find that O 1s and P 2p binding energy are respectively shifted of +0.4eV and +0.5eV for the strontium doped deposit. From IRRAS and XPS spectra we can conclude that the incorporation of Sr into the CaP favors a CaP compound similar to DCPD (CaHPO 4 .2H 2 O) or DCPA (CaHPO 4 ) (Dicalcium phosphate dehydrate/ Dicalcium phosphate anhydrous), meanwhile the pure CaP coating looks like an amorphous apatite-like compound (ACP).

  biocompatibility and thus their design as a bioactive material. Surface chemistry and topography can then be controlled to allow the adsorption of specific proteins which are required for cell colonization when the implant is placed in physiological environment. (Fig.4.1) Recently, many investigations [211, 212, 213] have focused on understanding the effect of implant surface characteristics on the protein dependent mechanisms of cellular activities and bone matrix deposition, to develop novel implant surfaces.

Fig. 4 . 1

 41 Fig.4.1 Schematic view of protein interactions with characterized surface

Fig. 4 . 3 .Fig. 4 . 4

 4344 Fig.4.3. Protein primary structure

Fig. 4 . 5

 45 Fig.4.5 Tertiary structure

  1) shows the amino acid composition of BSA. BSA consists of 55-67% α-helices, 21% β-sheet, and the rest are turns. The secondary and tertiary structures of BSA depend on pH where a pH~4.3-8 keeps a triangular or heart shaped structure of BSA molecule with around 60% αhelix structure and the rest β-sheet and turns.

[ 224 ]Fig. 4 . 6

 22446 Fig.4.6 Different conformations of BSA as a function of pH (N form = Native, F form = Fast, E form = Expanded)Surface charge has a great influence on the protein adsorption mechanism and kinetics as well. Ahmed et al,[START_REF] Butt | Physics and chemistry of interfaces[END_REF] studied the influence of surface potential on the kinetics of

Fig. 4 .

 4 Fig.4.8 a. Evolution of the side chains charge and BSA total charge as a function of the pH of the solution. b. BSA positively and negatively charged groups number as a function of the pH of the solution.

  pH<pzc: Ti-OH + H + ↔ Ti-OH 2 + pH>pzc: Ti-OH + OH -↔ TiO -+ H 2 O

  [234], the two aforementioned factors (change of conformation and structure of the ions in the interfacial zone) are predominant in the analysis of the enthalpy of adsorption. The adsorption energy related to the conformational changes and the loss of secondary structure of the protein is endothermic and reaches the minimum at the isoelectric point in the case of the interface HSA/polystyrene[234]. For the energy contribution of the organization of ions at the interface protein/surface, an important exothermic value is observed. Note that entropic factors, including solvent reorganization near the interface can be determinant in adsorption processes.

  The double functionalization; topographic modification (nanotubes) and chemical (grafting doped or undoped calcium phosphate) gives a solid surface where the nature and the ionicity of reactive sites, which depend on the pH of the aqueous solution, is different from untreated titanium surface. It is therefore essential to study how these changes affect the early stages of cell colonization, namely the adsorption of biomolecules such as BSA. We have chosen to study the adsorption of BSA at the liquid-solid interface (temporal tracking according to contact time) by infrared spectroscopy as it has the potential to demonstrate both the presence of this molecule at the interface and the changes of structure and/ or adsorption geometry by modification of vibrational spectrum. The XPS is used to control the final state of the surface once the adsorption kinetics achieved.

  Fig 4.9). The frequency of this vibration band depends on the nature of hydrogen bonding involving the C=O and NH[START_REF] Bouhekka | Thesis : Adsorption of BSA protein on Silicon , Germanium and Titanium Dioxide invistegated by In situe ATR-IR spectroscopy[END_REF]. The nature of the amino acid side-chain strongly affects the amide I which only depends on the secondary structure of the backbone. Thus, the amide I band is best suited to determine the secondary structure of proteins.

Fig. 4 . 9 .

 49 Fig.4.9. Vibrations of Amide I and Amide II bands in IR spectra of proteins.

Fig. 4 .

 4 Fig.4.10. (a) IR spectrum of different type of proteins (1) α-Lactalbumin, (2) Hemoglobin (3) α-Chymotrypsin (4) Alcohol dehydrogenase (5) Human serum albumin (6) 6 α-1-Proteinase inhibitor. And (b) an example of the deconvolution of the amide I band into its components

TiO 2 )

 2 , nanotubes coated with CaP, and nanotubes coated with Sr doped CaP (electrodeposition; 1000 potential pulses) using different pH values for BSA solution in order to explore the influence of the charge state of both surface and BSA molecule. BSA was deposited onto TiO 2 surfaces by immersing samples in a BSA stock solution (0.1 g/l) in distilled water and the pH value was adjusted with NaOH and HCl solutions. After a time step of several seconds of samples immersion in the BSA solution, samples are rinsed and dried and analysed by IRRAS. This operation is repeated until we obtained an intensity saturation of the absorption band that corresponds to the adsorbed BSA amide bands. The amount and the structural change of adsorbed protein is analysed through the amide I intensity and components as well as the R parameter previously defined. The kinetic monitoring of infrared spectra in the region of the principal modes of vibration of the BSA is shown in (Fig.4.13, Fig.4.14, and Fig.4.15) for respectively following functionalized surfaces of TiO 2 (Blank nT-TiO 2 , CaP. nT-TiO 2 , Sr.CaP.nT-TiO 2 (30% Sr)). The trends are the same for different deposits of Sr.CaP so for sake of clarity we only present those with (Sr 30%). In each figure, the adsorption at acid (4.5), neutral (7.0) and basic (10.0) pH is presented. For each kinetic, we presented the infrared spectra for immersion time of 5s, 10s, 20s, 30s, 60s and 120s. The last immersion time gives a signal close to saturation.

Fig. 4 . 13 .

 413 Fig.4.13. Evolution of the IR spectrum as a function of deposition time on nT-TiO 2 surface. (a) pH = 4.5 (b) pH = 7.0 (c) pH = 10. From bottom to top, 5s, 10s, 20s, 30s, 60s and 120s.

Fig. 4 . 14 .

 414 Fig.4.14. Evolution of the IR spectrum as a function of deposition time on CaP.nT-TiO 2 surface. (a) pH = 4.5 (b) pH = 7.0 (c) pH = 10. From bottom to top, 5s, 10s, 20s, 30s, 60s and 120s.

Fig. 4 . 15 .

 415 Fig.4.15. Evolution of the IR spectrum as a function of deposition time on Sr.CaP.nT-TiO 2 surface. (a) pH = 4.5 (b) pH = 7.0 (c) pH = 10. From bottom to top, 5s, 10s, 20s, 30s, 60s and 120s.

  TiO 2 on the surface of Sr.CaP.nT-TiO 2 (Sr 30%). This concurrent disappearance of phosphate ions and adsorption of BSA indicates a process of molecule-surface interaction with ions exchange, deprotonated carboxyl groups of the BSA can substitute PO 4 3-or HPO 4 2-ions, which are weakly bound to the surface of the CaP deposit.

Fig. 4 . 16 .

 416 Fig.4.16. Spectral decomposition of amide I band and amide II band for BSA adsorption on CaP.nT-TiO 2. (Fit peak parameters constraints: Voigt profile: ν 0 ± 2 cm -1 , peak width≈ 11cm - 1 ± 2 cm -1 ) (a) β-sheet at 1680cm -1 , (b) α-helix at 1656cm -1 , (c) Random at 1643cm -1 (d) βsheet at 1627cm -1 , (e) β-sheet at 1564cm -1 (f) α-helix at 1540cm -1 (g) β-sheet and random at 1520cm -1 (a, b, c, d peaks for amide I band, e, f, g peaks for amide II band)

Fig. 4 . 17 .

 417 Fig.4.17. Evolution of Amide I band (total area) as a function of time on (I) nT-TiO 2 , (II) CaP.nT-TiO 2 and (III) Sr.CaP.nT-TiO 2 . For (a). pH = 7.0, (b). pH = 4.5, (c) pH = 10.

.

  This type of evolution is characteristic for the formation of a single molecular layer (no simultaneous multi-layer growth or layer by layer growth) and indicates that once adsorbed on the surface, the protein layer presents to the aqueous solution an inactive surface for molecular interactions toward other proteins in the solution. Information obtained from (Fig.4.17) are summarized in (Table.

3 .

 3 Summary of I max (for Amide I band) and  values Concerning the β parameter, which is related to the adsorption rate for very low coverage rates, and from the experimental low followed by BSA adsorbed amount onto the surfaces, we can estimate the initial adsorption speed 𝜷 = 𝑽 𝟎 = ( 𝒅𝑰 𝒅𝒕 ) 𝟎 observing that β is proportional to the number of adsorbed molecules per second.From table(Table.

4 . 3 )

 43 we can observe that β value is the highest for basic pH onto non coated surfaces nT-TiO 2 as compared to other pH values whereas it's the lowest in basic pH for coated surfaces CaP.nT-TiO 2 and Sr.CaP.nT-TiO 2 .

Fig. 4 . 18 ( 2 (

 4182 Fig.4.18 (Left) Evolution of α-helix % in Amide I band as a function of time on (I) nT-TiO 2 , (II) CaP.nT-TiO 2 and (III) Sr.CaP.nT-TiO 2 . For (a). pH = 7.0, (b). pH = 4.5, (c) pH = 10. (Right) Evolution of R (I AI.hα / I AII.hα ) as a function of time on (I) nT-TiO 2 , (II) CaP.nT-TiO 2 and (III) Sr.CaP.nT-TiO 2 . For (a). pH = 4.5, (b). pH = 7.0, (c) pH = 10.

4 . 18 ( 3 (

 4183 II.c)) %hα≈ 34%, whereas for Sr.CaP.nT-TiO 2 (Fig.4.18 (III.c)) we observe a diminution of %hα as a function of time or coverage rate as it starts with a value of about 50% for low coverage rate and ends with value about 40% for high coverage rate which suggest a conformational changes of BSA secondary structure as a function of time/ coverage rate  Concerning the R parameter; we have to remember that for the BSA N-form (R≈2.3 for end on adsorption geometry and R≈ 3.0 for flat adsorption geometry). From (Fig.4.18 right) we can note that for nT-TiO 2 surface for all pH studied values, R we relatively stable about 2.10±0.1 (Fig.4.18.I). While for CaP.nT-TiO 2 , R was remarkably lower; R≈1.4 for pH 7 (Fig.4.18 (II.a)) R≈ 1.8 for pH 4.5 (Fig.4.18 (II.b)) and R≈1.3 for pH 10 (Fig.4.18 (II.c)). R values for CaP.nT-TiO 2 were lower than 2.the value which corresponds to end on adsorption geometry for the BSA N-form) indicating that BSA is expanded on the surface with conformational changes of its tertiary structure as a function of time/ coverage rate θ. For Sr.CaP.nT-TiO 2 surface, we remark a relatively stable value of R≈1.6 for acidic and neutral pH values (Fig.4.18 (III.a, III.b)) whereas we observe a decrease of R value for basic pH as a function of coverage rate θ (Fig.4.18 (III.c)) where R value decreases rapidly from 2.4 for low coverage rate to a value around 1.6 indicating that for Sr.CaP.nT-TiO 2 surface at basic pH, BSA adsorbed first as N-form with end on adsorption geometry and then a conformational changes occur as a function of time and the BSA expands onto the surface.

Fig. 4 . 19 .

 419 Fig.4.19. Evolution of the N1s, C1s, O1s and Ti2p XPS spectra with sputtering time in the case of BSA adsorbed onto nt-TiO 2

  conformation changes and denaturation increase as a function of coverage rate θ, while it's the contrary for both pH=7.0 and pH= 4.5. This evolution reveals that at low coverage rate (or at first steps of the adsorption), BSA molecule interacts weekly with Sr.CaP.nT-TiO 2 surface (both R and %hα values are high) on the contrary to what happens on nT-TiO 2 or CaP.nT-TiO 2 . This can be correlated with the high total negative charge of BSA at pH 10 where strong repulsive electrostatic interactions occur between the molecule and the surface. This corresponds to a slower initial speed of adsorption (0.006 as compared to 0.014 for pH 4.5).

[

  Ca]/[P]=1.30. The peak deconvolution of O 1s and P 2p indicated a compound rich of OH. In the case of a disordered amorphous compound (Amorphous Calcium Phosphate ACP) developed in an alkaline medium with a calcium deficiency, a group of ACP compositions may be represented by the following formulas: Ca 9-y (PO 4 ) 6-x (HPO 4 ) x (OH) 2-x . Quantification by photoemission suggests a compound of Ca 4 (HPO 4 ) 3 (OH) 2 . Under the same conditions of the electrodeposition of CaPSr, we found that [Ca]/ [P] ≈1.0. In this case we have a compound of Ca 1-x Sr x HPO 4 . It was also noted that [O]/ [P] > 4.0 which means that the coatings are strongly hydrated. XPS and IRRAS spectra of Sr doped CaP coatings have clearly showed that addition of Sr in the CaP layer promotes a non-apatitic compound Ca 1-x Sr x HPO 4 which is similar to DCPD (Dicalcium phosphate dihydrate) or DCPA (Dicalcium Phosphate

  

  

  

  

  

  

  

  

  

  

summary of the current advanced surface modifications of implants Topographical modification (Surface roughening)

  Table.1.2).

	A 1. Physical compaction
		2. Molecular self-assembly method
		3. Chemical modification: acid/alkaline
		treatment, peroxidation.
		4. Nanoparticle deposition: sol-gel,
		crystalline deposition
	Biomimetic calcium phosphate coatings	1. Electrochemical method
		2. Immersion method
	Incorporation of biologically active agents	1. Osteogenesis-inducing agents: BMPs,
		TGTs, VEGFs, PDGFs, IGFs.
		2. Bone	remodeling-associated	agents:
		Bisphosphonates.
		3. Synthetic RGD peptides.
		4. Antibiotics.

Table . 2

 . 

	Functional Class	Characteristic Absorptions
		Sulphur Functions
	S-H thiols	2550-2600 cm -1 (wk & shp)
	S-OR esters	700-900 (str)
	S-S disulfide	500-540 (wk)
	C=S thiocarbonyl	1050-1200 (str)
	S=O sulfoxide	1030-1060 (str)
	sulfone	1325± 25 (as) & 1140± 20 (s) (both str)
	sulfonic acid	1345 (str)
	sulfonyl chloride	1365± 5 (as) & 1180± 10 (s) (both str)
	sulphate	1350-1450 (str)
	Phosphorous Functions
	P-H phosphine	2280-2440 cm -1 (med & shp)
		950-1250 (wk) P-H bending
	(O=)PO-H phosphonic acid	2550-2700 (med)
	P-OR esters	900-1050 (str)
	P=O phosphine oxide	1100-1200 (str)
	phosphonate	1230-1260 (str)
	phosphate	1100-1200 (str)
	phosphor amide	1200-1275 (str)
		Silicon Functions
	Si-H silane	2100-2360 cm -1 (str)
	Si-OR	1000-11000 (str & brd)
	Si-CH 3	1250± 10 (str & shp)
	Oxidized Nitrogen Functions
	=NOH oxime	
	O-H (stretch)	3550-3600 cm -1 (str)
	C=N	1665± 15
	N-O	945± 15
	N-O amine oxide	
	aliphatic	960± 20
	aromatic	1250± 50
	N=O nitroso	1550± 50 (str)
	nitro	1530± 20 (as) & 1350± 30 (s)

.1. Characteristic IR absorptions of some functional groups for IRRAS spectra analysis (http://www.unm.edu/~orgchem/304Lpages/05IRchart.pdf)

Table . 2

 . .2. Infrared absorption bands for some functional groups; most of the absorptions cited are associated with stretching vibrations. Standard abbreviations (str = strong, wk = weak, brd

	CHAPTER III
	= broad & shp = sharp)
	(https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/Spectrpy/InfraRed/infrared.htm)

Functionalization of TiO 2 surfaces 1. Nanostructuration of TiO 2 surface

  

  .2)

	Anodisation temperature	Wall thickness (nm)	Tube length (nm)
	(°C)		
	5	3.4	224
	25	2.4	176
	35	1.3	156
	50	0.9	120

Table.3.2. Average wall-thickness and tube-length of 10V TiO 2 nanotubes anodized at different bath temperatures.

  3/2 core level) is lower in (Fig.3.29 (b)), meaning that it is covered by the adsorbed compound. Ca 2p , P 2p and O 1s core level signals at Ca 2p (348.2eV), P 2p (134.2eV), O 1s (532.2eV) confirm SEM and IR spectroscopy observations, i.e. a calcium phosphate compound has grown on top of the nT-TiO 2 surface. XPS survey spectra also reveal the presence of carbon contamination C 1s (286.7eV) and a small component at (290.6eV) due to carbonate. As Ar sputtering (not shown)

/[P] [O]/[Ca] [Sr]/[Ca] [Sr]/[Ca]+[Sr] [O H2O ]/ [O tot ] [O-P]/[HO-P]

  .4). Element concentrations deduced from peaks area corrected with sensitivity factors.From (Table.3.4), we can conclude that the Sr/Ca ratio in the deposited film agrees with the solution concentrations, this fact was difficult to be noticed as many chemical or physical factors can enhance one element deposition in the electro-deposition process. Getting further inside XPS quantification and compound chemistry identification, we can deduce from (Table.3.4) that for pure CaP, calcium to phosphorus ratio is around [Ca]/[P]=1.30. As mentioned previously in the present

	XPS line S factor CaP pure 5.40 CaP Sr10% 5.90 CaP Sr20% 6.15 CaP Sr30% 6.20 distinguishable by their [Ca]/[P]. In alkaline conditions, hydrated amorphous O 1s Ca 2p P 2p Sr 3d Sr 3p 0.66 1.05 0.36 1.48 0.92 4.25 0.00 0.00 0.16 2.95 6.00 0.18 0.15 0.21 3.10 5.90 0.31 0.23 0.22 2.85 6.15 0.46 0.32 0.23 2.90 tricalcium phosphate (α-TCP, [Ca]/[P] ≈ 1.5) is most widely found by precipitation in Table.3.4. thesis, many different amorphous calcium phosphates (ACPs) can exist and are mainly aqueous solutions

Table.3.3. Sensitivity factor table from UKSAF

[START_REF] Nakamoto | Infrared and Raman Spectra of Inorganic and Coordination Compounds[END_REF] 

[O]

Table 4 . 1

 41 Amino acid composition of BSA

Table 4
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[START_REF] Zeng | Analysis of bovine serum albumin adsorption on calcium phosphate and titanium surfaces[END_REF] 

Table . 4.2. Protein

 . 

band assignments in the IR spectrum

[START_REF] Zeng | Analysis of bovine serum albumin adsorption on calcium phosphate and titanium surfaces[END_REF] 

cm-1 

List of abbreviations

ACP Amorphous Calcium Phosphate

To get further inside the coatings chemistry, higher resolution core level spectra (0.05eV steps) have been investigated, and especially for the P 2p + Sr 3d , O 1s , and Ca 2p core levels. Results are presented in (Fig. 3.30) and (Fig. 3.31).

In (Fig. 3.30), the O 1s peak clearly presents a broad structure that can be deconvoluted into basic Gaussian components characterized by FWHM (Full Width at Half Maximum) of 2.1eV. In the case of pure CaP coating, 5 peaks are present to realize the O 1s deconvolution, while for mixed Sr-CaP coatings, the O 1s structure is thinner, and only 3 peaks are needed. In each case, the higher binding energy component, located at around 534.2eV, is attributed to H 2 O species [START_REF] Kunze | Timedependent growth of biomimetic apatite on anodic TiO2 nanotubes[END_REF]. This is coherent with a highly hydrated compound. The two peaks near 532.2eV and 533.0eV can be assigned to O of P-O and O of P-OH respectively. For these two components an area ratio of 3 is obtained by the deconvolution process, thus we can conclude a mono-protonated (HO-PO 3 ) 2-entity. In the case of the pure CaP coating, we can assigned the peaks at 530.8eV and 529.0eV to hydroxyls [START_REF] Kunze | Timedependent growth of biomimetic apatite on anodic TiO2 nanotubes[END_REF][START_REF] Hongbo | Surface Characterization of Hydroxyapatite and Related Calcium Phosphates by XPS and TOF-SIMS Anal[END_REF][START_REF] Stranick | Influence of strontium on monofluorophosphate uptake by hydroxyapatite XPS characterization of the hydroxyapatite surface[END_REF] or O-Ca bounds that are not present when Sr ions are incorporated into the film.

The Sr 3d overlaps with P 2p core level giving a broader structure by 134.0eV (Fig. 3.30).

Nevertheless, these two peaks structure can be easily deconvoluted with a peak located at 134.2eV (P 2p ) and a broader peak (FWHM = 3.2eV) located at 136.4eV (Sr 3d ).

Concerning the Ca 2p core level, the two peaks structure (2p A polypeptide consists of a backbone and sidechains. The backbone comprises the amide nitrogen, the alpha carbon and the carbonyl carbon that are participated by each amino acid unit whereas sidechains comprise the "R" groups. Few polypeptides are considered proteins. For a polypeptide to be considered a protein it must be able to fold into a well-defined 3-dimensional structure. This is usually a requirement for protein function. [START_REF] Gallagher | FTIR Analysis of Protein Structure[END_REF] When a protein folds to form a well-defined 3-dimensional structure it exhibits three levels of structure: primary, secondary and tertiary.

Primary structure refers to the linear sequence of amino acids which is genetically determined and often modelled as beads on a string, where each bead represents one amino acid unit. (Fig. 4.3)

R group (variant)

Alpha carbone

BSA adsorption on a biomedical-grade 316LVM stainless steel surface, and indicated that when surface potential becomes more negative, both the BSA initial adsorption rate and the surface concentration saturation increased. In our work, we chose to work with the globular form (which is N-form) over a wide pH range from 4.3 to 10. In this domain, we can estimate the overall global charge of the protein which we already aware of its amino acid sequence and the characteristic pKa for the individual side group: arginine (12.5), histidine (6.0) lysine (10.5), aspartic acid (3.9) , cysteine (8.2), glutamic acid (4.1) and tyrosine (10.5). These local charges, which correspond to the deprotonation of the acid groups or the protonation

Where N (θ i ): the number of helix α with θ i angle to the surface. N tot : the total number of helix α

In the case of a configuration of "End on" adsorption, we find R EO =2.3±0.1, whereas in the case of adsorption "Flat", we obtain R F =3.0±0.1. The variation of the parameter R is weak but significant but for these two extreme cases of adsorption geometry without changing the conformation of BSA. In the case of adsorption with "denaturation" and passage from the N form to a form of type E or F (unfolded protein) (Fig. 4.6), R value is around ≈1 which indicates that a majority of helices α with their axis close to the parallel direction with the surface and this case often happens when interaction with surfaces.

To investigate the localization of the adsorbed BSA on the functionalized surfaces, we have realized an XPS depth profiling in the same conditions as for the case of phosphate adsorption. XPS present characteristic peaks of adsorbed protein (C, O, N, S) and we look at the N 1s , O 1s and C 1s with sputtering time. The evolution of these spectra is presented in (Fig. 4. [START_REF] Liu | Surface modification of titanium, titanium alloys, and related materials for biomedical applications[END_REF].

We can observe that the N 1s signal characteristic of the protein strongly decrease with sputtering time meaning that the BSA in mainly adsorbed on the tube edges, as it was the case for the CaP deposit, confirming the inertness of tube walls.

Attempting to explain the evolution of %hα and I max with the chemical nature of the surface and the pH of the solution, we have to remember that the surface and the BSA have local charges that depend on the pH of aqueous medium where the adsorption occurs. For BSA, the ionization of different groups gives a global charge of +20e, -20e and -60e, respectively for pH 4.5, 7.0, and 10.0. Note that each of the charges of side groups of amino acids is associated with a counter-ion, which results in the existence of a dipole rather than a locally isolated charge. This distribution of the dipole on the molecular surface is of course related to the secondary and tertiary structure of the BSA.

Concerning the state of charge of the surfaces studied in our work, if we assume a PZC ≈ 3.0 for nT-TiO 2 , the surface charge is generally negative for all pH studied in our work. In the case of the two others basic surfaces, they are globally negatively charged. The net ionic charge is due to the preferential dissolution-adsorption mechanisms of lattice ions. The surface charge of CaP compounds has been studied by measuring the zeta potential [START_REF] Somasundaran | Surface Chemical Characteristics and Adsorption Properties of Apatite[END_REF] and a PZC value around 10.5 is generally observed.

An apatite surface at acidic pH is less negative than at higher pH, and the surface charge is mainly determined by H + , Ca 2+ and H 2 PO 4 -ions. At higher basic pH, more negatively charged phosphate ions are present.

Comparing the evolutions of %hα and I max for adsorptions done onto nt-TiO 2 surfaces, we observe a constant value at pH 7.0 and pH 4.5, while an increase of %hα with coverage for pH=10. For the nT-TiO 2 surface, the net charge is negative and we . For both surfaces, CaP.nT-TiO 2 and Sr.CaP.nT-TiO 2 , the parameter h is about (38%) a value which is slightly lower than in the case of non-coated surface nT-TiO 2 . In this case, both R and %hα indicate a stronger interaction between BSA and coated surfaces.

The most interesting feature is the influence of Sr incorporation on R and %hα evolution as a function of coverage rate θ at pH=10.0. When Sr is incorporated with CaP coating, both R and %hα decrease with time ( coverage rate) indicating that BSA

Functionalization of titanium surface for dental implants design

Abstract: The objective of this thesis is to create new nanostructured surfaces with bioactive coatings and to study theirs physicochemical properties in order to develop better dental implants designs and promote their osseointegration. This functionalization was performed in two steps; starting by the nanostructuration of TiO 2 surface by anodisation to create reactive sites on the edges of titanium nanotubes which acts as points of "attachment" to bioactive coatings. The second step was the surface chemical modification by coating the nanostructured surface with bioactive coatings of calcium phosphate (CaP) and strontium doped calcium phosphate (Sr.CaP). This coating was performed by pulsed electrodeposition. The physicochemical characterization by XPS, SEM and IR showed that doping with Sr promotes a non-apatitic compound similar to DCPD or DCPA (Dicalcium Phosphate Dihydrate or Anhydrous), while undoped CaP coating looks like an amorphous apatite-like compound ACP. The addition of strontium has the double advantage of optimizing the cellular multiplication and of giving an inorganic phase with bio-performance better than apatitic compounds. We also evaluated the adsorption proprieties of these functionalized surfaces by investigating the adsorption of proteins (BSA). This adsorption was performed onto blank nanotubes, nanotubes coated with CaP and Sr doped CaP and evaluated according to deposition time and to the pH value of the solution that affect both protein and surface charge. The kinetic and structural evaluation reveals different adsorption geometries according to pH and adsorption time and also according to the chemical nature of surface. Such results of protein adsorption and conformation may form a database to understand and control protein activities and reactions with living body when used for dental implants system. 
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