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PART B – TECHNICAL DETAILS 

1 Title of the dissertation A Comparative analysis of effect of Ultra High Molecular 

Weight Polyethylene on osteoblastic activity on Titanium and 

Zirconia surfaces – An in vitro study 

2 Introduction  

A. Problem statement One of the major reasons for an Implant failure is lack of 

Osseo integration. Metals and other materials used in Dental 

Implants have good strength, excellent resistance to fatigue, 

biocompatibility, etc. However, with osteopenia or 

osteoporosis, including those with diabetes mellitus or have 

poor osseous healing because of poor bone quality, these 

patients have less bone for an implant and require a longer 

waiting time for Osseo integration after the implant is placed. 

Titanium and its alloys are currently used extensively in the 

field of dental implants because of its good mechanical 

properties and excellent biocompatibility. However, the native 

oxide layer of titanium cannot directly bond with bone to 

promote new bone formation. In the early stage of Osseo 

integration, numerous studies have sought to optimize dental 

and orthopedic implants by modifying the implant surface 



  chemistry and/or surface topography by methods such as, 

plasma spraying of hydroxyapatite, sandblasting and acid 

etching, and anodic oxidation.1 So there is a need to modify the 

surface of the implants for better Osseo integration. Thus, our 

study aims to coat Ultra high molecular weight Polyethylene 

(UHMWPE) on the surface of implants for better Osseo 

integration 

B. Rationale In the current approaches, Ultra high molecular weight 

Polyethylene (UHMWPE) has been a preferred material in 

Total Knee Arthroplasty, hip replacement implants and other 

orthopedic implants. It has high resistance to wear, high 

toughness, high biocompatibility and modulus similar to 

natural bone. Imperfections along the machined surfaces of 

implants enable osteogenic cells to attach and to deposit bone, 

thus generating a bone-to-implant interface. The healing time 

of machined implants is about 3 to 6 months depending on the 

anatomical location and the quality of bone2 which is less that 

the time required of implants with a smooth surface. Since now 

a days, people want everything to be quick and expect a shorter 

treatment time; attempts have been made to modify the surface 

of implants for a better bone to implant contact. . Efforts have 

been focused on designing novel topographies of implant 

surfaces to optimize osteoblastic migration, adhesion, 

proliferation, and differentiation. In addition to surface 



  roughness, coating of the surface by UHMWPE to enhance 

osteogenesis needs to be evaluated. Therefore the aim of the 

study is to evaluate the osteoblastic activity on the surface of 

titanium and zirconia implants. 

C. Novelty Studies with dental implants using UHMWPE are very rare in 

the literature; more research needs to be done using UHMWPE 

as a material for dental implant which can be used to enhance 

the bone to implant contact . 

D. Expected outcome and 

application 

This study aims to optimize osteoblasticmigration, adhesion, 

proliferation, and differentiation leading to improvement in 

Osseo integration which will result in reduced chances of 

implant failure. 

3 Research question(s) Can UHMWPE help in better bone to implant contact? 

4 Research hypothesis (es), if 

any 
UHMWPE is expected to increase the osteoblastic activity in 

turn resulting in better bone to implant contact. 



   

5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary 

objective(s) 

Primary Objectives: 

 
1. To evaluate the cell proliferation (i.e. osteoblasts) and 

cell differentiation (i.e. differentiation of mesenchymal 

cells to osteoblasts) of the UMR106 cells on the surface 

of acid etched and sandblasted titanium. 

 
 

2. To evaluate the cell proliferation (i.e. osteoblasts) and 

cell differentiation (i.e. differentiation of mesenchymal 

cells to osteoblasts) of the UMR106 cells on the surface 

of sandblasted (aluminium oxide), acid etched 

(hydrofluoric acid) titanium coated with UHMWPE 

 
 

3. To evaluate the cell proliferation (i.e. osteoblasts) and 

cell differentiation (i.e. differentiation of mesenchymal 

cells to osteoblasts) of the UMR106 cells on the surface 

of acid etched and sandblasted zirconia. 

 

 

4. To evaluate the cell proliferation (i.e. osteoblasts) and 

cell differentiation (i.e. differentiation of mesenchymal 

cells to osteoblasts) of the UMR106 cells on the surface 

of sandblasted (aluminiumoxide), acid etched 



  (hydrofluoric acid) zirconia coated with UHMWPE 

Secondary Objective: 

1. To compare and evaluate the cell proliferation 

(i.e. osteoblasts) and cell differentiation (i.e. 

differentiation of mesenchymal cells to 

osteoblasts) of the UMR106 cells among all 

groups 

6 Review of literature 1. A study was done in the year 2015 where the nanotube 

arrays on the surface of dental implants were fabricated by 

two-step anodic oxidation. TiO2 nanotube arrays can be 

formed as “columnar porous” titania layers by anodic 

oxidation on pure titanium or titanium alloy surfaces, and 

are of great interest due to their highly ordered 

nanostructure Their effects on bone-implant contact were 

researched by a pilot in vivo study. Bone remodeling was 

observed not only in the periosteum but also in the 

interface between the bone and implant threads. The results 

suggest that Ti02 nanotube arrays could potentially be used 

as a reservoir for rhBMP-2to reinforces Osseo integration 

on the surface of dental implants.1 

 

 

2. In a review article published in the year 2015 by Monika 

Saini et al titled Implant biomaterials: A comprehensive 



  review, an effort was made to review and summarize 

biomaterials used for dental implants. The article made an 

effort to review various implant materials, their properties 

and their pros and cons associated to those materials. 

Polymers were selected as their physical characteristics 

could be altered, show fibrous connective tissue 

attachments and can be easily microscopically evaluated 

than metals. It was concluded that implant materials, their 

composition and properties were not talked about in most 

of the implant related literature. The literature also lacked 

the effect of the material properties on success and failure 

of implants and its effects on the tissues surrounding the 

implants. Modern dentistry required under-standing and 

utilization of the benefits of biotechnology in health care. 

Study of material sciences along with the bio-mechanical 

sciences provided optimization of design and material 

concepts for surgical implants.3 

 

 
3. A study was carried out in the year 2019 titled An in vivo 

evaluation of bone formation around titanium (machined 

and treated surface) and zirconia implants. The authors 

used 50 pure titanium implants IV, 25 implants with a 

machined surface (TiM group), 25 implants with a treated 

group) 25 implants were manufactured in pure zirconia 

group).The implants (n 20 per group) were installed in tibia 

of 10 rabbits .The implant distribution was randomized (n 



  = 3 per tibia).Five implants of each group were studied 

under scanning electron microscope and an optical laser for 

surface characterization. It was concluded that within the 

limitations of the animal study, the bone reaction (healing) 

around the titanium implants showed a more adequate 

interaction in comparison with the zirconia implants. In this 

way, the Bone to implant contact percentage (BIC%) was 

measured which was very similar between the three groups; 

however, the torque removal values were superior for the 

titanium implants, which is related to faster bone 

mineralization on the titanium surface when compared to 

the zirconia surface for the proposed time period (6 

weeks).4 

 
4. A review was carried out by Takao HANAWA in the year 

2020 on Zirconia versus titanium in dentistry to compare 

the properties of zirconia and titanium. The author 

mentioned that the mechanical property of titanium is 

superior to that of zirconia, while some studies have shown 

that zirconia is acceptable for use as a dental implant, 

especially for abutment. The surface treatment research 

focused on inhibiting bacterial adhesion and improving 

Osseo integration and soft tissue adhesion, which made it 

difficult to evaluate the properties of materials themselves 

without surface treatment. It was concluded that the Osseo 

integration of titanium is superior to that of zirconia itself 



  without surface treatment, while surface morphology is a 

more important factor for Osseo integration than surface 

composition.5 

 
5. In a study conducted in 2020 by Alesky V. Maksimkin et al 

titled Ultra-High Molecular Weight 

Polyethylene/Titanium-Hybrid Implant for Bone-Defect 

Replacement, A hybrid implant with a structure mimicking 

that of natural bone was developed. Titanium alloy Ti– 

6Al–4V was prepared with three-dimensional (3D)-printing 

technology to simulate the cortical-bone layer. The 

mismatch in the mechanical properties of bone and 

titanium alloy was solved by creating special perforations 

in the titanium’s surface. Porous ultra-high molecular 

weight polyethylene (UHMWPE) with high osteogenous 

properties was used to simulate the cancellous-bone tissue. 

It was concluded that mechanical-compression tests done 

on the obtained UHMWPE/titanium-hybrid-implant 

samples showed that their mechanical properties simulated 

those of natural bone.6 

 

6. In a study titled Ti, Zr and Ta coated UHMWPE aiming 

surface improvement for biomedical purpose it was stated 

that Ultra-high molecular weight polyethylene (UHMWPE) 

is widely used in bearing components. This paper aimed to 

improve surface properties by the deposition of Titanium, 



  Zirconia and Tantalum thin films on the surface of 

UHMWPE by magnetron sputtering. It was possible to 

define which of the deposited films presented better results. 

Metallic coatings with thicknesses ranging from 288 to 440 

nm showed a significant improvement in wettability, 

hardness, toughness and roughness. In addition, they 

showed excellent adhesion strength front to pull-off and 

nanoscratch tests, and no contaminants in the 

compositional analyzes performed by Rutherford 

backscatter spectrometry (RBS). From an electrochemical 

viewpoint, the order of choice for metal coating over 

UHMWPE would be Ta, Ti, and Zr, respectively. It was 

concluded that these coatings offered an improved surface 

for biomedical applications, especially when mechanical 

stresses are required.7 

7 Methodology  

A. Study design In vitro study 

B. Study participants 
(human, animals or both) 

 

i. Inclusion criteria 

ii. Exclusion criteria 
iii. Withdrawal criteria, if 

any (trial-related 

therapy, follow-up and 

documentation are 

terminated prematurely 

as it is indicated to 

ensure safety of the 

participants) 

iv. Rescue criteria, if 

applicable (starting 

NA 



 symptomatic therapy 

either to control 

symptoms of disease or 

to overcome lack of 

adequate efficacy of the 

study drug or placebo) 

v. Number of groups to be 

studied, identify groups 

with definition 

 

C. Sampling 

a. Sampling 

population 

b. Sample size 

calculation 

c. Sampling 

technique 

a. A total of 40 discs of diameter 10 mm and 

thickness 3-4mm will be used. 40 samples will 

be divided in 2 groups of 20 discs each. 

Group I (20 samples) consists of discs made of Ti- 

6Al-4V. 

Group II (20 samples) consists of machined milled 

zirconia discs. 

Group I will be further divided into 2 groups where 

group IA consists of Ti-6Al-4V discs which will 

undergo surface treatment (sandblasting and acid 

etching) and group IB group will consist of Ti-6Al- 

4V discs which will undergo surface treatment 

(sandblasting and acid etching) along with coating 

of UHMWPE. 

Similarly Group II will be further divided into 2 

groups where group IIAwill consist of zirconia 

discs which will undergo surface treatment 

(sandblasting and acid etching) and group IIBwill 

consist of zirconia discs which will undergo surface 

treatment (sandblasting and acid etching) along 

with coating of UHMWPE. 



   

b.  Sample size is given by 

n = 1.96σ2 / e2 

 

c. A total of 40 discs will be divided into 4 groups, 

10 discs in each group 

 
 

 Group IA- Titanium discs will be 

sandblasted, acid etched. 

 Group IB – Titanium discs will be 

sandblasted, acid etched and coated with 

UHMWPE 

 Group IIA – Zirconia discswill be 

sandblasted, acid etched. 

 Group IIB – Zirconia discs will be 

sandblasted, acid etched and coated with 

UHMWPE 

D. Randomization details 
(for interventional 

studies)- Intervention 

details  with 

standardization 

techniques  (drugs / 

devices /  invasive 

procedures / noninvasive 

procedures / others) 

NA 

E. Ethical Clearance from 

the Institution’s Ethics 

Committee Obtained? 

(Copy to be Attached) 

 



 F. Study procedure UMR 106 cells (clonal derivative of transplantable rat 

osteosarcoma cells) will be procured from ATCC (American 

type culture collection).Rat osteosarcoma cells are used as the 

genomic sequence of the rats which are similar to human cell 

lines. 

Cells will be seeded on all the test samples and incubated for 

48 hours at 37°C, 5% CO2 incubator. For culture these cells 

require storage in liquid nitrogen. So while testing, thawing of 

the cells will be done and the temperature will be maintained at 

37°C. 5% CO2 is used to buffer the system to ensure that the 

normal physiologic pH is maintained for optimal cell growth. 

After the cells are seeded, cell proliferation will be assessed for 

all the groups .Cell counting will be done according to 

Neubauer's rules i.e. the number of cells per cubic millimeter = 

number of cells counter per square millimeter * dilution 

(solvent used is saline) *10. SEM analysis of the samples will 

be done before the coating, after the coating and after the 

incubation of the samples. Cell differentiation for all the 

samples will be done by assessing biochemical markers like 

ALP activity and oste-ocalcin which are significant for the 

bone mineralization. Increase in ALP (alkaline phosphatase) 

activity    signifies    increase    in    deposition    of    bone. 

ALP activity will be determined by ALP activity essay kit and 

osteocalcin will be determined by ELISA kit. 

G. Data collection methods 

including settings and 

periodicity 

A comparative Experimental study (Quantitative) 
 

Sample size estimation is based on mean. 



  Sample size is given by 

n = 1.96σ2 / e2 

H. List of statistical tests to 

be used for data analysis 

The obtained data will be analyzed using 

Unpaired T test, Regression analysis and ANOVA test. The 

results will be presented appropriately. 

I. If it’s a Clinical Trial: 

Clinical Trials Registry 

of India or equivalent 

registration number to be 

mentioned 

 

8 List risks and benefits of the 

study 
There are no risks associated with the study. 

Benefits: 

From this study we will come to know the role of UHMWPE 
 

in Osseo integration of dental implants. 
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