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ABSTRACT 

 

 

 Background   : 

 Surface modification of zirconia implants is used to enhance osseointergration . This study 

designed a biomimetic implant for reducing healing time and early osseointegration to create an 

active surface .Due to hardly maintaining BMP-2 biological function and specificity, BMP- 2 

efficient delivery on ziconia surfaces is the main challenge for clinic application .  36  zirconia 

samples were divided into 3, 12 each . Group I was without any surface , group II was treated 

with BMP-2 and group III was acid etched and sandblasted and coated with BMP-2 . Group III 

showed maximum osteoblast adherence and cell proliferation indicating potential clinical use . 

Objectives:  

1.       To evaluate the cell proliferation and differentiation of Zirconium without surface          

treatment or modification. 

2. To evaluate the cell proliferation and differentiation of Zirconium implant surface 

coated with Bone morphogenetic Protein-2. 

3. To evaluate the cell proliferation and differentiation of Sandblasted (aluminum oxide ) 

acid etch (hydrofluoric acid ) Zirconium surface coated with Bone Morphogenetic 

Protein -2. 

4. Compare and evaluate the Osteoblast adherence and differentiation among all thegroups. 



 
 

Methods :  The experiment will be performed using 36 zirconia discs to check the efficacy 

of zirconium implant surface coated with bone morphogenetic protein -2 . The zirconium 

discs are divided into three groups . Group I has zirconium disc without any surface 

treatment or modification .Group II has zirconium discs coated with bone morphogenetic 

protein -2 and  Group III has zirconium disc with sandblast (aluminium oxide) 

acid etch (hydrofluoric acid) and coated BMP-2. UMR106 Cells are procured from 

ATCC.The cells will be seeded on all the samples and incubated for 24 hrs at 37⁰c, 5 %  

CO2  incubator .Cell proliferation is assessed by Neubauer’s rule. Cell differentiation will be 

assessed by biochemical markers like ALP activity and osteocalcin .ALP activity will be 

determined by ALP essay kit and osteocalcin by ELISA kit. 

 

Results : To understand and evaluate the difference in influence of BMP-2 on the zirconia, 

three in-vitro analysis were carried out, Cell adherence analysis, Cell differentiation analysis 

using alkaline phospatase and osteocalcin activity kit. In comparision to group I and group II , 

group III showed increased cell adherence , higher ALP activity and osteocalcin level. 

 

 Interpretation & Conclusion: 

1. Zirconia with surface treated and coated with BMP-2 showed higher Osteocalcin 

levels when compared to treatments of Zirconia non coated and coated discs. 

2. Zirconia disc coated with BMP-2 indicating increased osteoblastic cell differentiation 

due to the treatment. 

3. Zirconia discs with surface coated showed higher cell adherence when compared 

Group I and Group II indicating a good modification for osteoblast cell attachment. 



 
 

4. Zirconia discs with surface treatment showed higher ALP activity when compared to 

treatments of Group I and Group II indicating increased osteoblastic cell 

differentiation due to the treatment.  
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EFFECT OF BONE MORPHOGENETIC PROTEIN-2 ON 

OSSEOINTEGRATION OF ZIRCONIA IMPLANTS - AN IN-VITRO 

STUDY 

 

 

 

                                           INTRODUCTION 

Dental implants were introduced by Brånemark in 1960 for the replacement of 

missing teeth.1 The well documented long term clinical result favours titanium 

and its alloy as the gold-standard material for dental implant application.2-4 

Titanium exhibits the best combinations of properties like strength, corrosion 

resistance, and biocompatibility as desirable for the bone-implant application. 

According to the ASTM standard, six types of titanium are available for 

biomedical implant applications including four grades of commercially pure 

titanium and two alloy forms (Ti6Al4V and Ti6Al4VELI grade). CP-Ti is an 

unalloyed pure form of titanium that contains only traces of other elements (i.e., 

carbon (C), nitrogen (N), oxygen (O), and iron (Fe). From Grades 1-4, there is 

an increase in oxygen content, which improves the mechanical properties of 

titanium. However, the alloy exhibits better mechanical properties than all 

grades of CP-Ti.3 Ti6Al4V and Ti6Al4V-ELI alloys have a biphasic 

composition consisting of alpha and beta phases. Aluminum in these alloys act 

as an alpha phase stabilizer and vanadium acts as a beta phase stabilizer. 
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Ti6Al4V ELI has a low concentration of interstitial elements O and C, which 

improves ductility compared to Ti6Al4V.3 

        For decades, titanium implants have been considered the gold standard in 

dental implantology, owing to their excellent biocompatibility, favourable 

properties, and clinical success.4 However, despite the current mainstream use 

of titanium implants in clinical practice, the grey metallic appearance of 

titanium can compromise the aesthetic outcomes in the presence of gingival 

recession or a thin gingival biotype.5,6 It has also been reported that, although 

rare, implant failure can occur due to the deposition of titanium particles into 

surrounding tissues and subsequent hypersensitivity reactions in susceptible 

patients.7 To overcome these disadvantages, there have been calls for the 

development of novel implant materials. Recently, zirconia implants have 

emerged as a prospective alternative to titanium implants.7 Zirconia is a 

chemically inert material with minimal local and systemic side effects. It has 

been extensively used in other biomedical applications, such as orthopaedic 

surgery for total hip replacement, due to its high fracture resistance and flexural 

strength.4,7 Furthermore, zirconia is a highly biocompatible material with an 

aesthetically pleasing tooth-coloured appearance that aligns with the increasing 

demand for metal-free implants.7 A systematic review by Roehling et al. found 

that the osseointegration potential of zirconia implants is similar to that of 

titanium implants, despite a slower initial osseointegration process.8 
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            It is reported that zirconia implants with modified surfaces result in an 

osseointegration which is comparable with that of titanium implants.9 In a 

comprehensive way, osseointegration is defined as ‘a direct structural and 

functional connection between ordered, living bone and the surface of a load-

bearing implant’ 10,11 Therefore, zirconia is required for surface modifications to 

obtain osseointegration to bone,12 On the other hand, materials for implant 

superstructures can be broadly classified into resin based, ceramic, and metal 

materials, and the number of options is increasing.13,14 

                      Bone morphogenetic proteins (BMPs) are a group of growth 

factors playing a crucial role in cell differentiation, cell proliferation, and 

cartilage and bone formation.15 BMP-2 has better osteoinductive ability than 

any other member of the BMP family.16 Numerous studies have demonstrated 

its bone regeneration efficacy in orthopedic and dental surgical procedures. For 

dental applications, BMP-2-facilitated bone regeneration has been achieved in 

the sinus lift procedure, extraction socket preservation, ridge augmentation, and 

implant treatment.17,18  In addition to surface roughness and the coating of the 

surface with bioactive materials such as BMP- 2 to enhance osteogenesis 

around the titanium surface has been investigated .However ,little information is 

available on the response of osteoblasts on zirconia to BMP- 2. Therefore ,the 

aim of the study is to evaluate the osteoblastic activity and differentiation on the 

surface of zirconia . 
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                    AIMS AND OBJECTIVES OF THE STUDY 

The regenerative property of the BMP-2 can also enhance when treated on the 

surface of the zirconia implants. Hence to evaluate the same, the present study 

was planned with the following aims and objectives  

Aims and objective-  

1. To evaluate the cell proliferation and differentiation of zirconium without 

surface treatment or modification.  

2. To evaluate the cell proliferation and differentiation of sandblasted 

(aluminium oxide) acid etch (hydrofluoric acid) zirconium implant 

surface coated with bone morphogenetic protein-2. 

3. To evaluate the cell proliferation and differentiation of sandblasted 

(aluminum oxide) acid etch (Hydrofluoric acid) zirconium implant 

surface coated with bone morphogenetic protein-2. 

4. To compare and evaluate the osteoblast adherence and differentiation 

among all the groups.  
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                                       REVIEW OF LITERATURE 

In a study by Chao et al, 2021, A synthetic bone morphogenetic protein (BMP)-

2-derived peptide has been discovered to promote bone regeneration. The 

present study investigated the potential of the BMP-2 peptide combined with 

hydroxyapatite (HAp)/b-tricalcium phosphate (TCP)/ collagen (Col) composite 

in repairing a peri-implant critical size defect. Twenty-four saddle-type alveolar 

defects (10 mm mesiodistally and 4 mm apicocoronally) were surgically 

prepared in edentulous ridges in four male beagle dogs. Following implant 

placement, the defects with vertically exposed implant fixtures received (a) 

HAp/ TCP/Col composite, (b) HAp/TCP/Col þ 4 mg/mL BMP-2 peptide, (c) 

HAp/TCP/Col þ 20 mg/ mL BMP-2 peptide, or (d) HAp/TCP/Col þ 0.2 mg/mL 

recombinant human BMP-2 (rhBMP-2). Bone regeneration and mineralization 

were assessed using radiography, micro-computed to mography (micro-CT), 

fluorescence labelling, and histologic analyses after healing for 4 or 8 weeks. 

Implant stability was measured using resonance frequency analysis. There 

results showed that the 20 mg/mL BMP-2 peptide groups demonstrated a 

distinguishable advantage in bone regeneration potential over the control 

groups, as observed on radiographic imaging and histologic examination, 

although no significant difference was found in implant stability and 

histomorphometric analysis of mineralization levels. However, the performance 

of the 20 mg/mL BMP-2 peptide groups were inferior to that of the 0.2 mg/mL 
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rhBMP-2 groups. They concluded that, the BMP-2 peptide may accelerate peri-

implant bone regeneration. The BMP-2 peptide at 20 mg/mL still cannot 

complete bone repair of peri-implant critical size defect. The BMP-2 peptide at 

20 mg/mL has similar osteoinductive performance to the rhBMP-2 at 0.02 

mg/mL.  

In a systematic review by Ping-Tan published in 2021, Peri-implantitis therapy 

and implant maintenance are fundamental practices to enhance the longevity of 

zirconia implants. However, the use of physical decontamination methods, 

including hand instruments, polishing devices, ultrasonic scalers, and laser 

systems, might damage the implant surfaces. The aim of this systematic review 

was to evaluate the effects of physical decontamination methods on zirconia 

implant surfaces. A systematic search was conducted using 5 electronic 

databases: Ovid MEDLINE, PubMed, Scopus, Web of Science, and Cochrane. 

Hand searching of the OpenGrey database, reference lists, and 6 selected dental 

journals was also performed to identify relevant studies satisfying the eligibility 

criteria. Overall, 1049 unique studies were identified, of which 11 studies were 

deemed suitable for final review. Air-abrasive devices with glycine powder, 

prophylaxis cups, and ultrasonic scalers with non-metal tips were found to cause 

minimal to no damage to implant- grade zirconia surfaces. However, hand 

instruments and ultrasonic scalers with metal tips have the potential to cause 

major damage to zirconia surfaces. In terms of laser systems, diode lasers 
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appear to be the most promising, as no surface alterations were reported 

following their use. They concluded that Air-abrasive devices and prophylaxis 

cups are safe for zirconia implant decontamination due to preservation of the 

implant surface integrity. In contrast, 

hand instruments and ultrasonic scalers with metal tips should be used with 

caution. Recommendations for the use of laser systems could not be fully 

established due to significant heterogeneity among included studies, but diode 

lasers may be the best-suited system. Further research—specifically, 

randomised controlled trials—would further confirm the effects of physical 

decontamination methods in a clinical setting. 

  In a study by Pang et al, 2021, aimed to investigate the in vitro 

osteoinductivity of the combination of bone morphogenetic protein-2 (BMP-2) 

and nano- hydroxyapatite (nHAp) and the in vivo effects of implants coated 

with nHAp/BMP To evaluate the in vitro efficacy of nHAp/BMP-2 on bone 

formation, bone marrow-derived mesenchymal stem cells (BM- MSCs) were 

seeded onto titanium disks coated with collagen (Col), Col/nHAp, or 

Col/nHAp/BMP-2. Protein levels were determined by a biochemical assay and 

reverse transcriptase-polymerase chain reaction. Stem cell differentiation was 

analyzed by flow cytometry. For in vivo studies with mice, Col, Col/nHAp, and 

Col/nHAp/BMP-2 were injected in subcutaneous pockets. Titanium implants or 

implants coated with Col/nHAp/BMP-2 were placed bilaterally on rabbit tibias 
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and evaluated for 4 weeks.In the in vitro study, BM-MSCs on Col/nHAp/BMP-

2 showed reduced levels of CD73, CD90, and CD105 and increased levels of 

glycos- aminoglycan, osteopontin, and alkaline phosphatase activity. After 4 

weeks, the Col/nHAp/BMP-2 implant showed greater bone formation than the 

control (P=0.07), while no differences were observed in bone implant contact 

and removal torque. They concluded that a combination of BMP-2 and an 

nHAp carrier would activate osseointegration on dental implant surfaces.  

  In a study by Molaei et al 2021, mentioned that poor biological performance of 

zirconium implants in the human body resulting from their bio- inertness and 

vulnerability to corrosion and bacterial activity reflects the need for further 

studies on substitution or performing the surface modification. The suggestion 

of employing zirconia (ZrO2) bioceramic coatings for surface modification 

seems beneficial. This systematic review aims to identify and summarize 

existing documents reporting the biological responses for ZrO2 coatings 

produced by the PEO process on zirconium implants. PubMed, Scopus, and 

Web of Science international databases were searched for the original and 

English-language studies published between 2000 and 2021. All publications 

reported at least one study about in- vitro (cellular and immersion studies), in-

vivo (animal studies), and antibacterial topics for ZrO2-PEO coated zirconium 

implants. Throughout the initial search, 496 publications were found, and 296 

papers remained following the elimination of duplicates. Finally, after multiple 
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screening and eligibility assessments, 25 publications were qualified and 

included in the review. Among them, 25 in-vitro (cellular and immersion in 

SBF and Hanks’ solutions studies), one in-vivo (animal studies), and eight 

antibacterial studies were found. The ZrO2 coated samples demonstrate no 

cytotoxicity, high cell viability rate, and excellent biocompatibility. However, 

changing the solution composition and electrical parameters during the PEO 

procedures result in significant changes to in-vitro responses. As an instance, 

the ZrO2 coating surface demonstrates greater biocompatibility after irradiated 

by UV, which makes the surface more suitable for cell growth. Due to weak 

apatite-forming ability, the zirconium sample shows low bioactivity in SBF. 

However, most cases (13 out of 16) show that the specific morphology and 

chemical composition of the ZrO2 coating promote apatite-forming ability with 

good bioactivity in SBF. Nevertheless, few papers (three out of 16) showed that 

the ZrO2 coatings immersed in SBF had no apatite precipitates and so no 

bioactivity. These cases limit the bioactivity enhancement to treatment by UV-

light irradiation, hydrothermal and chemical treatment, thermal evaporation, and 

cathodic polarization post-treatment on ZrO2 coatings. Both zirconium and 

ZrO2 coated samples do not show apatite- forming ability in Hanks’ solution. 

The ZrO2 coated implant with the bone together indicates a greater shear 

strength and rapid new bone formation ability during 12 weeks because of 

containing Ca-P compounds and porous structure. The UV post-treated ZrO2 
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coating induces faster new bone formation and firmer connection of bond with 

bone than those of untreated ZrO2 coatings. A stronger antibacterial activity of 

ZrO2 coatings is confirmed in half of the selected papers (four out of eight 

studies) compared to the bare zirconium samples. The antibacterial protection of 

ZrO2 coatings can be influenced by the PEO procedure variables, i.e., solution 

composition, electrical parameters, and treatment time. In three cases, the 

antibacterial activity of ZrO2 coatings is enhanced by deposition of Zn, Ag, or 

Cu antibacterial layers through thermal evaporation post-treatment.  
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METHODOLOGY 

Study Design – The present study was designed as a comparative experimental 

study ( quantitative). 

Sample preparation - 

Yttria-tetragonal zirconia polycrystal (Y-TZP) discs measuring 10 mm in 

diameter and 3 mm in thickness were fabricated by uniaxial pressing and 

sintering commercial 3 mol% yttria-partially stabilized zirconia powder (70%  

tetragonal,  30% monoclinic)  using  the protocol described in Munro et al. 

(2020).19 

 

Sampling Procedure  

 A total samples of 36 machined zirconium disc were made and divided into 3 

groups. Twelve in each group. All the discs were of the same dimension of 10 

mm in diameter and 3-4mm in thickness.  

 Group I - Zirconium discs without surface modification. 

Group II- Zirconium Discs coated with BMP-2 

Group III- Zirconium discs sandblasted and etched and coated with BMP -2    
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 Fig.1 Zirconium Disc (in total 36) divided into three groups I, II and III. 

 

For the group II zirconium disc samples, 10g of BMP-2 will be coated on the 

surface of the discs. There was no surface modification done . 

For group III, sandblasting was done on the surface of the discs with aluminium 

oxide and later discs were then immersed in 40% hydrofluoric acid (Metalab, 

India) for 30 min to create an acid-etched zirconia implant surface before being 

rinsed with purified water to remove any remaining acid or residue on the 

surface. Later these discs they were coated with BMP-2. 

Procedure - 

• •  UMR106 (ATCC, Cat No: CRL-1661TM)  

• •  FBS  
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• •  DMEM media  

• •  12 well culture plate  

• •  Osteocalcin ELISA, Make: Elabscience 

• •  Samples:  

Group I : Zirconium discs without any surface treatment or modification  

Group I I : Zirconium discs coated with BMP-2 (0.5μg/disc)  

Group III :  Zirconium discs Sand blasted + Dual Acid etched + coated          

with BMP-2 (0.5μg/disc) Cell lines and culture medium:  

Bone Morphogenetic Protein (BMP) Coating Protocol: 

Zirconia discs are sterilized by autoclaving at 121 ⁰ C with 15 PSI pressure for 

30 min and later exposed to UV light in a sterile culture hood. BMP is 

reconstituted of 0.2mg/mL in DMEM medium. Dissolved for several hours at 2-

8 ⁰C with occasionally swirling. The Zirconium discs are pre incubated with the 

BMP solution (0.5g/disc) overnight at 2-80C without air-drying. The discs are 

removed air dried in culture hood and used for analysis. (Fig 2) 
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Fig 2. Group II  Zirconia discs coated  with BMP-2  and Group III  Zirconia, Sand 

blasted, acid etched and coated with BMP-2.  

 UMR106 cells were procured from ATCC, stock cells was cultured in DMEM 

supplemented with 10% inactivated Fetal Bovine Serum (FBS), penicillin (100 

IU/ml), streptomycin (100 μg/ml) in a humidified atmosphere of 5% CO2 at 

37oC until confluent. The cell was dissociated with cell dissociating solution 

(0.2% trypsin, 0.02% EDTA, 0.05% glucose in PBS). The viability of the cells 

are checked and centrifuged. Further, 1,00,000 cells /well was seeded on the 

sample discs in 12 well plate and incubated for 24 hrs at 37oC, 5% CO2 

incubator.  

Assay Procedure:  

The monolayer cell culture was trypsinized and the cell count was adjusted to 1 

x 105 cells/ml using respective media containing 10% FBS. Zirconium discs 

were placed in the 12 well plates and pre-soaked with DMEM complete media. 

To each well of the 12 well plate, 1000 μl of the diluted cell suspension (1, 
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00,000cells/well) was added on the Zirconium discs and incubated for 24hrs at 

37oC in 5% CO2 atmosphere undisturbed. After 24hrs, when a partial 

monolayer was formed on the surface of the Zirconium discs, the cells were 

collected along with the supernatants. Cells are homogenized well and 

centrifuged at 2000rpm at 4oC. The supernatants were used for quantification of 

Osteocalcin ELISA. (fig 3) 

 

   Fig 4. ALP Activity kit  

 

Estimation of alkaline Phosphatase activity in UMR106 cells after the 

treatment with zirconia discs.  

Alkaline phosphatase (ALP) [phosphate-monoester phosphohydrolase 

(alkaline optimum); EC 3.1.3.1] enzyme is encoded by distinct genes as many 

tissue-specific isozymes. It is found in several organisms (bacteria, plants, and 

animals) and active in catalyzing phosphomonoester hydrolysis, R-O-PO3, with 
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no respect for category 'R' identification. The catalytic process includes the 

creation at the active site of serine phosphate that interacts with water at high 

pH to liberate inorganic phosphate from the enzyme.20,21 As the organic alcohol 

activates the enzyme-bound inorganic phosphate and is phosphorylated, a 

transphosphorylation reaction occurs in the existence of elevated concentrations 

of organic alcohol.22 For vertebrates, the enzyme is an ectoenzyme that is bound 

covalently to the outer side of cell membrane by a phosphatidyl inositol 

glycophospholipid anchor connected to the enzyme's C-terminus.22,23 Human 

beings have four ALP genes referring to the gene components of the intestinal, 

placental, placental and liver / bone / kidney (nonspecific tissue; TNAP).24 

Throughout the various species and tissues where it exists, ALP has several 

specific roles, although the aim of this analysis is to understand the role of ALP 

in bone mineralization. 

Material used were the UMR 106 (ATCC, Cat No: CRL-1661), DMEM media , 

12 well culture plate and the alkaline phosphatase working reagent. (Fig 4) 

Reagent 1  

2-Amino 2- Methyl-Propanol 

(AMP) 

≈0.32 mmol/L  

 

Zinc Sulphate ≈1 mmol/L  
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Magnesium Acetate ≈4 mmol/L  

 

Preservatives, stabilizers  Q.S 

Reagent 2 

PNPP =10 mmol/ L 

 

Working Reagent - Mix 4 volumes of R1 with 1 volume of R2. Working 

reagent is stable for 30 days at 2-8oC 

Cell lines and culture medium:UMR106 cells were procured from ATCC, stock 

cells was cultured in DMEM supplemented with 10% inactivated Fetal Bovine 

Serum (FBS), penicillin (100 IU/ml), streptomycin (100 μg/ml) in a humidified 

atmosphere of 5% CO2 at 37oC until confluent. The cell was dissociated with 

cell dissociating solution (0.2% trypsin, 0.02% EDTA, 0.05% glucose in PBS). 

The viability of the cells are checked and centrifuged. Further, 1, 00, 000 cells 

/well was seeded on the sample discs in 12 well plate and incubated for 24 hrs at 

37oC, 5% CO2 incubator.  
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Procedure:  

The monolayer cell culture was trypsinized and the cell count was adjusted to 1 

x 105 cells/ml using respective media containing 10% FBS. Zirconium discs 

were placed in the 12 well plates and presoaked with DMEM complete media. 

To each well of the 12 well plate, 1000μl of the diluted cell suspension (1, 

00,000cells/well) was added on the Zirconium discs and incubated for 24hrs at 

37oC in 5% CO2 atmosphere undisturbed. After 24hrs, when a partial 

monolayer was formed on the surface of the Zirconium discs, the cell 

supernatants were collected from each well for ALP estimation. To these 

collected 20μl of test solutions, 100μl working reagent is added. OD is taken at 

405nm every 1min for 3times. ALP activity is calculated later with the formula.  

ALP activity (IU/L) = ΔA/min*2720  

 

ELISA procedure:  

Reagent Preparation:  

1. Wash buffer: Working wash buffer solution was prepared by diluting 25X 

wash buffer concentration with deionized water.  
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2. Standard Preparation: Standards are serially diluted from 50ng/mL to 

0.78ng/mL using standard diluent. 

 

                      Osteocalcin ELISA, Make: Elabscience 

 

Procedure:  

1. 100μl of standards and samples are added in wells and incubated for 

90minutes at 37oC.    

2. The liquids after incubation is discarded and immediately 100μl of 

Biotinylated detection Antibody working solution is added to each well 

and incubated for 60minutes at 37oC.  

3. Solutions in the wells are discarded again and the plate was washed three 

times using 1X wash buffer by soaking the wells for about 30seconds 

between each wash. Any remaining wash buffer was thoroughly removed 

either by aspiration or blotting the plate on a paper towel.  
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4. 100μl of HRP conjugate working solution is added for 30 minutes at 

37oC.  

5. After incubation the plate was washed five times using 1X wash buffer.  

6. 90μl of substrate reagent was added and incubated for 15 minutes at 

37oC.  

7. 50μl of stop solution is added at the end and absorbance was measured at 

450nm.  
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                                                      RESULTS  

 

To understand and evaluate the difference in influence of BMP-2 on the 

zirconia, three in-vitro analysis were carried out, Cell adherence analysis, Cell 

differentiation analysis using alkaline phospatase and osteocalcin activity kit  

Cell adherence analysis – In the Cell adherence analysis , Cell adherence was 

counted in the well, on a mean average of 229 cell adherence per mm2 of discs 

in group I, 476 cells in group II and 921 cells /mm2 were recorded respectively. 

Control group I showed the least cell adherence when compared to both the 

test groups.  
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Fig 4. Number of samples, viable cells per 78mm2 of disc with mean and 

standard deviation values.  
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Fig .5 Adhesions of viable cells on zirconia discs in group1, 2 and group 3 discs.  

 

 

 

Fig. 6.Mean cell adherence/mm2 of disc in all the three groups  
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Fig 7. Bar graph depicting the cell adhesion of mean viable cells on the zirconia 

discs.  
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Fig 8. Significant values of Adhesion of viable cells  

 

Elisa analysis  

 ELISA stands for enzyme-linked immunoassay. It is a commonly used 

laboratory test to detect antibodies in the blood. An antibody is a protein 

produced by the body's immune system when it detects harmful substances, 

called antigens. Cell proliferation will be assessed for all the groups. Cell 

counting will be done according to Neuberger’s rule . Cell differentiation for all 

the samples will be done by assessing biochemical markers like ALP activity and 

osteocalcin. ALP activity will be determined by ALP activity essay kit and 

osteocalcin will be determined by ELISA KIT . 
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 In the present study, the amount of calcitonin level was 3.67ng/ml, 

18.75ng/ml and 25.96ng/ml in group I, II and III respectively. Indicating that 

more bone metabolism was seen in the surface treated and acid etched 

surface when compared to the control group.  

The study reveals that the cells in contact with Zirconium discs which were 

Sandblasted, Acid etched and BMP-2 coated (Group 3) showed higher 

quantification of Osteocalcin levels up to 25.96 ± 3.88ng/ml. Cells in contact 

with Zirconium discs which were coated with BMP (0.5μg/ml) (Group 2) 

quantified 18.75 ± 3.31ng/ml and cells in contact with (Group I) discs which 

were not treated or modified had 3.67 ± 1.26ng/ml Osteocalcin levels. Group 

III, showed higher Osteocalcin levels when compared to treatments of Group I 

and Group II indicating increased osteoblastic cell differentiation due to the 

treatment.  
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Fig. 9.Sample Calibrant of the discs. 

 

 

Fig.10. Osteocalcin Calibrant of the three groups.   
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Fig 11. Mean osteocalcin levels (ng/ml) for all the three groups.  
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Fig 12. Bar graph representation of the Osteocalcin Levels in the three groups.  

 

Fig 13. Statistical graph of Osteocalcin Levels in three groups. 
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Fig 14. Mean values of the osteocalcin level in all the three group of discs with 

the details of the samples.  
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DISCUSSION 

Dental implants were introduced by Brånemark in 1960 for the replacement of 

missing teeth.1 The well documented long term clinical result favours titanium 

and its alloy as the gold-standard material for dental implant application. 2-4For 

decades, titanium implants have been considered the gold standard in dental 

implantology, owing to their excellent biocompatibility, favourable properties, 

and clinical success.4Titanium and its alloys are currently used extensively in 

the dental field of oral rehabilitation, mainly because of its good mechanical 

properties, corrosion resistant and excellent biocompatibility.It has also been 

reported that, although rare, implant failure can occur due to the deposition of 

titanium particles into surrounding tissues and subsequent hypersensitivity 

reactions in susceptible patients.7Zirconia is a chemically inert material with 

minimal local and systemic side effects. It has been extensively used in other 

biomedical applications, such as orthopaedic surgery for total hip replacement, 

due to its high fracture resistance and flexural strength.4,7 Furthermore, zirconia 

is a highly biocompatible material with an aesthetically pleasing tooth-coloured 

appearance that aligns with the increasing demand for metal-free implants.7 

Adequate alveolar bone height and width are one of the prerequisites for 

successful dental implant treatment. However, alveolar bone loss resulting from 

periodontal disease, tooth loss, trauma, or tumor resection makes implant 

reconstruction challenging. Various techniques alone or in combination with 
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autogenous bone, synthetic bone, allograft, or xenograft have been developed 

for alveolar bone regeneration. More recently, bone engineering by the delivery 

of osteoinductive molecules has emerged to enhance the regenerative potential. 

Studies have reported that airborne particle abrasion known as grit 

blasted surface treatment followed by acid-etching (SLA treatment) to increase 

the surface area of zirconia implants for osseointegration 25. The grit blasting 

process with 50–110μm Al2O3 particles, has been shown 

as an alternative to increase the surface area for osteoblasts attachment and then 

to speed up the osseointegration process. For Gahlert et al  and 

Bacchelli et al , grit blasting zirconia implant surfaces significantly 

improved the peri-implant osteogenesis and osseintegration when compared to 

machined titanium surfaces.26 

 Laranjeira et al. compared the in vitro behavior of fibroblast adherence 

and antibacterial effect on different types of silica-coated micropatterned 

zirconia surfaces. The study results showed that silica coated zirconia samples 

with different surface morphological aspects reduced bacterial adhesion. 

Microstructured bioactive coating can also be an efficient strategy for fibrin 

network formation, cell growth, and improved soft tissue adherence since it 

reduces biofilm adherence and enhances the adsorption of proteins and cell 

migration .27 
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               Studies have been directed towards improving the osseointegration of 

dental implants by modifying the implant surface.25 Surface topography and 

chemical modification are two important elements that influence the 

bone/implant interface.26 Biochemical modification refers to the immobilization 

of bioactive peptides or growth factors such as bone morphogenetic protein 

(BMP).27 

 BMP-2, a member of the transforming growth factor beta super family, binds to 

the receptors of mesenchymal stem cells, osteoblasts, and osteoclasts, and 

induce cell chemotaxis, proliferation, and differentiation. Dental implants 

placed in bone whose formation is induced by BMP-2 have been reported to 

exhibit successful osseointegration and respond well to functional loading, as do 

dental implants placed in native alveolar bone.28,29 29The combination of BMP2 

and biomaterials mainly includes blending, 30, 31 covalent bonding 32and specific 

binding.  Bing Chen et al. used genetic engineering recombination technology 

to introduce von Willebrand polypeptide into BMP2; this polypeptide can bind 

BMP2 onto the surface of collagen material and improve the utilisation rate of 

BMP2, thus accelerating the osteogenesis capability of scaffold.32Similarly, in 

the present surface roughness on the zirconia disc created a platform for the 

cells to proliferate. High doses of BMP-2 are known to directly induce bone 

High doses of BMP-2 are known to directly induce bone formation.29 While 

BMP-2 has yielded promising results regarding osteogenesis, high dosage may 

produce detrimental side effects, including heterotopic bone formation, soft-
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tissue swelling, seroma formation, osteolysis, radiculopathy, and malignancy. 

Therefore, to achieve bone induction, a sustained-release carrier is needed for 

BMP-2 due to its short biological half-life and rapid diffusion when 

implanted in vivo.30-38 

 In the present study, which was carried out with the aim of to evaluate the cell 

proliferation and differentiation of zirconium without surface treatment or 

modification, to evaluate the cell proliferation and differentiation of sandblasted 

(aluminium oxide) acid etch (hydrofluoric acid) zirconium implant surface 

coated with bone morphogenetic protein-2. 

        The methodology was that, the Yttria-tetragonal zirconia polycrystal (Y-

TZP) discs measuring 10 mm in diameter and 3 mm in thickness were 

fabricated by uniaxial pressing and sintering commercial 3 mol% yttria-partially 

stabilized zirconiapowder (70%  tetragonal,  30% monoclinic)  using  the 

protocol described in Munro et al. (2020). A total samples of 36 machined 

zirconium disc were made and divided into 3 groups. Twelve in each group. All 

the discs were of the same dimension of 10mm in diameter and 3-4mm in 

thickness.  

 Group I – Zirconium discs without surface modification- which was considered 

as the control group  

Group II- Zirconium Discs coated with BMP-2- This group was considered as 

the test group 1.  
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Group III-Zirconium discs sandblasted and etched and coated with BMP-2 

For the group II zirconium disc samples, 10g of BMP-2 will be coated on the 

surface of the discs. There was no surface modification was done for the discs 

in this group.  

For the zirconium discs of group III, sandblasting was done on the surface of 

the discs with aluminium oxide and later discs were then immersed in 40% 

hydrofluoric acid (Metalab, India) for 30 min to create an acid-etched zirconia 

implant surface before being rinsed with purified water to remove any 

remaining acid or residue on the surface. Later these discs they were coated 

with BMP-2, assuming that roughening the surface will enhance the adherence 

property of the coated BMP-2.  

This present study was designed as a comparative experimental study. It was 

found that the cells in contact with Zirconium discs which were Sandblasted, 

Acid etched and BMP-2 coated (Group 3) showed increased ALP activity up to 

417.53 ± 97.05 IU/L. Cells in contact with Zirconium discs which were coated 

with BMP (0.5μg/ml) (Group 2) quantified 347.62 ± 77.46 IU/L and cells in 

contact with (Group1) discs which were not treated or modified had 233.68 ± 

19.58 IU/L ALP activity. These results were similar to a study conducted by 

kang Mi Pang et al, wherein the implants with hydroxyapitite surface where 

coated with BMP-2 exhibited promising results like osteoblastic differentiation 
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of stem cells on surface of the titanium implants. The results showed surface 

wettability altered by biomaterial surface roughness, composition.39 The 

Osteocalcin is secreted mainly by the osteoblasts and is believed to play a role 

in bone mineralization and calcium ion homeostasis.40 Osteoprotogerin can 

reduce the production of osteoclasts by inhibiting the differentiation of 

osteoclast precursors into osteoclasts, and it also regulates the resorption of 

osteoclasts in vitro and in vivo. Considering these outcomes from previous 

studies it is possible that BMP-2 adhering to the rough surface stimulates the 

formation and mineralization of the bone due to their chemical characteristics. 

The present study revealed that the cells in contact with Zirconium discs which 

were Sandblasted, Acid etched and BMP-2 coated (Group 3) showed higher 

quantification of Osteocalcin levels up to 25.96 ± 3.88ng/ml. Cells in contact 

with Zirconium discs which were coated with BMP (0.5μg/ml) (Group 2) 

quantified 18.75 ± 3.31ng/ml and cells in contact with (Group 1) discs which 

were not treated or modified had 3.67 ± 1.26ng/ml Osteocalcin levels. Group 3 

treatment showed higher Osteocalcin levels when compared to treatments of 

Group 1 and Group 2 indicating increased osteoblastic cell differentiation due 

to the treatment.  

  In various study published it is mentioned that, the native oxide film on 

zirconium is bioinert and stable against electrolytes, it does not promote 
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apatite compound formation in body fluids.41 Remarkably, forming a bioactive 

coating on the zirconium surface can resolve the issue.42, 43 The ability to form 

an appetite compound in SBF is the main indication of bioactivity.44 A newly-

formed apatite layer on a biomaterial surface exhibits its ability to support 

connection with the living bone. The crucial step for the nucleation and growth 

of the apatite crystals is the Zr-OH groups’ formation by combining the 

negatively charged OH-ions with the positively charged Zr4+ ions on the 

surface of the ZrO2 coatings. The presence of a greater affinity between OH-

ions from Zr-OH groups and Ca2+ ions from the SBF solution causes a selective 

attraction due to electrostatic interactions of opposite charges. Besides, the 

amorphous CaZrO3 can form by the reaction between ions. Due to the 

accumulation of the Ca2+ ions, the ZrO2 surface gets positively charged. The 

combination of the negatively charged PO4 3− from the SBF solution and 

attached Ca2+ ions on the surface produces an amorphous Ca-P compound 

with a low Ca/P ratio.45 In a systematic review by Molaeiet al that, the ZrO2 

coated samples demonstrated no cytotoxicity, high cell viability rate, and 

excellent biocompatibility. However, changing the solution composition and 

electrical parameters during the PEO procedures resulted in significant 

changes to in-vitro responses. In a another study by Moreira et al, wherein 

zirconia surface was coated with silica, and the results concluded that, the lines 
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micropattern was the one that presented the highest hydrophilicity for distilled 

water, thus being a promising surface to promote improved osseointegration. 

The combined use of different surface micropatterns could potentially be used 

to guide bone apposition and avoiding peri-implantitis.In our present study,  in 

the cell adherence test revealed that,  Zirconium discs which were sandblasted 

and acid etched and BMP-2 coated (Group 3) showed maximum cell adherence 

of 921 ± 116 cells / mm2 of the disc, Zirconium discs which were coated with 

BMP (0.5μg/ml) (Group 2) had cell adherence of 476 ± 110 cells / mm2 

whereas (Group 1) discs which were not treated or modified had cell 

adherence of 229 ± 71 cells / mm2. Group 3 showed higher cell adherence 

when compared Group 1 and Group 2 indicating a good modification for 

osteoblast cell attachment.  Thus, indicating that surface coating of zirconia, as 

carried out in our    study is essential for enhancing osseointegration.  

 

Limitations of the study  

Though the roughed surface coated with BMP2 showed better results, with few 

limitations  

1. The study conducted was a cell viability and cell proliferation analysis an 

in-vitro study. 
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2. Surface roughness was created on the flat surface of zirconia disc , 

whereas the macro geometry of the dental implants enhances the 

surface roughness.  

Scope of the future studies  

1. The present study should be followed by an animal study, wherein 

prototype mini implants with similar surface roughness can be made and 

placed in the tibia and femur of the rabbits and, after osseointegration, 

the histomorphometric analysis will provide better understanding of the 

bone to implant contact and bone volume around the implants macro 

geometry.  

2. Clinical trials can be followed based on the outcomes of animal study.  

 

Clinical implications  

Based on the outcome of the present study, 

1.  It can be mentioned that surface treated zirconia implants coated with 

BMP2 can enhance osseointegration by increasing the bone to implant 

contact and bone volume, and also reduce the healing time bone 

maturation.  
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2. BMP2 surface coating can be used on the implants in poor bone density 

patients, Patients with smoking habits, Vit D3 deficiency, osteoporotic 

patients etc.  
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CONCLUSION 

       The following  conclusion can be drawn from the study . 

1. Zirconia with surface treated and coated with BMP-2 showed higher 

Osteocalcin levels when compared to treatments of Zirconia non coated 

and coated discs. 

2. Zirconia disc coated with BMP-2 indicating increased osteoblastic cell 

differentiation due to the treatment. 

3. Zirconia discs with surface coated showed higher cell adherence when 

compared Group I and Group II indicating a good modification for 

osteoblast cell attachment. 

4. Zirconia discs with surface treatment showed higher ALP activity when 

compared to treatments of Group I and Group II indicating increased 

osteoblastic cell differentiation due to the treatment.  

 

 

 

 

 

 



          

 

42 
 

 

                                                     Summary  

Implants are the most common and frequently employed treatment option to 

replace missing teeth in dentistry .They have become the first choice 

treatment for fixed restorative therapy in Prosthodontics. Their increased use 

has lead to increased expectations from patients in terms of success rate of 

this procedure in the long run .However patients with osteopenia or 

osteoporoses, including those with diabetic mellitus and elderly patients, have 

poor osseous healing because of poor bone quality and quantity. Patients have 

less bone to apply an implant and require a longer waiting time for 

osseoinegration after the implant is applied. 

Most recent application of BMP-2 at appropriate does improves osteoblastic 

differentiation and bone formation and remodeling. 

Short time being the most demanding trend in implant dentistry, comparative 

smooth surface of zirconia implants appear to be disadvantages .Hence 

attempts have been made to modify surface topography of zirconia by coating 

with BMP-2 protein to enhance osteogenesis . 
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