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Evaluation of antibacterial activity and 
osteoblast-like cell viability of TiN, ZrN and 
(Ti1-xZrx)N coating on titanium 
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PURPOSE. The aim of this study was to evaluate antibacterial activity and osteoblast-like cell viability according 
to the ratio of titanium nitride and zirconium nitride coating on commercially pure titanium using an arc ion 
plating system. MATERIALS AND METHODS. Polished titanium surfaces were used as controls. Surface 
topography was observed by scanning electron microscopy, and surface roughness was measured using a two-
dimensional contact stylus profilometer. Antibacterial activity was evaluated against Streptococcus mutans and 
Porphyromonas gingivalis with the colony-forming unit assay. Cell compatibility, mRNA expression, and 
morphology related to human osteoblast-like cells (MG-63) on the coated specimens were determined by the 
XTT assay and reverse transcriptase-polymerase chain reaction. RESULTS. The number of S. mutans colonies on 
the TiN, ZrN and (Ti1-xZrx)N coated surface decreased significantly compared to those on the non-coated titanium 
surface (P<0.05). CONCLUSION. The number of P. gingivalis colonies on all surfaces showed no significant 
differences. TiN, ZrN and (Ti1-xZrx)N coated titanium showed antibacterial activity against S. mutans related to 
initial biofilm formation but not P. gingivalis associated with advanced periimplantitis, and did not influence 
osteoblast-like cell viability. [ J Adv Prosthodont 2015;7:166-71]
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INTRODUCTION

Titanium is widely used as an implant material in the dental 
and orthopedic fields due to excellent mechanical properties, 

biocompatibility, and osseointegration.1 The long-term suc-
cess of  dental implants depends on integrating biomaterials 
with the surrounding bone.2 However, a titanium implant 
cannot integrate chemically to surrounding bone.3,4 
Furthermore, titanium itself  has no antibacterial activity. 
Therefore, there is a probable risk of  plaque formation on 
titanium implants.5 Periimplantitis is a destructive inflamma-
tory process affecting the soft and hard tissues around 
osseointegrated implants, leading to loss of  supporting bone. 
It occurs in 28-56% of  patients (12-40% of  sites) with an 
implant installed.6 Thus, periimplantitis has become a big 
challenge in dental implant maintenance. 

One of  the methods to achieve antibacterial activity 
without affecting biocompatibility of  the titanium implant is 
a surface coating. A TiN (titanium nitride) and ZrN (zirconi-
um nitride) coating, which have excellent strength and wear 
resistance, have been introduced as a biomedical coating 
with excellent biocompatibility.7-10 Grössner et al. reported 
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that physically modifying the titanium implant surfaces such 
as sputter coating with TiN or ZrN may reduce Streptococcus 
mutans adherence and could enhance adherence and growth 
of  fibroblasts.2,11 

The coating process is classified into physical vapor 
deposition (PVD) and chemical vapor deposition (CVD). 
Hard coatings, such as TiN or ZrN are generally deposited 
by PVD. The PVD coating processes are evaporation, sput-
tering, and ion plating. The PVD can operate at significantly 
lower temperatures than for CVD. But this leads to non-uni-
form of  film thickness and large residual stress.12 Thus, AIP 
system using plasma energy was developed in order to 
improve these disadvantages. This system has high deposi-
tion rate and can produce the excellent adhesion between the 
coating layer.13

Streptococcus is the dominant pioneer species among over 
several hundred species of  oral bacteria.14 These initial colo-
nizers prepare a favorable condition for subsequent coloniz-
ers and provide a binding region preferred by bacterial patho-
gens associated with periimplantitis such as Porphyromonas 
species.15 Although reducing the number of  initially attached 
bacteria is an important characteristic of  a dental implant 
surface, antibacterial activity against Porphyromonas species 
causing periimplantitis by producing toxins stimulating bone 
and soft tissue inflammation should be considered as well.

The purpose of  this study was to evaluate antibacterial 
activity against not only S. mutans but also P. gingivalis and 
osteoblast-like cell viability according to the ratio of  TiN and 
ZrN coating on titanium using an arc ion plating system.

MATERIALS AND METHODS

Commercially pure titanium (ASTM Grade II, Kobe Steel 
Co., Kobe, Japan) were used as the substrate. Specimen 
discs size is 15 mm in diameter and 3 mm in thickness. 
Discs surface were ground down to 1200 grit SiC paper 
under water, then polished using 0.3 µm alumina suspen-
sion. Discs were then cleaned with acetone, ethyl alcohol 
and distilled water for 10min in an ultrasonic cleaner. TiN, 
ZrN and (Ti1-xZrx)N coating was performed with the arc 
ion plating system (ATS-MC-STD-300; ATECH System, 
Seoul, Korea) for 60 min, -100V, with N2 at a flow rate of  
110 sccm (standard cubic centimeters per minute) (Fig. 1). 
Experimental groups were TiN, ZrN, (Ti75Zr25)N, (Ti50Zr50)
N and (Ti25Zr75)N. Control group was polished-Ti. All spec-
imens (n=346) were ultrasonically cleaned with acetone, 
ethyl alcohol and distilled water and were sterilized with 
ethylene oxide gas. 

Surface topography was observed using scanning elec-
tron microscopy (FE-SEM S-4700, Hitachi; Horiba, Tokyo, 
Japan) to analyze the surface characteristics of  the each 
group (n=3). A two dimensional-contact stylus profilometer 
(DIAVITE DH-7, Asmeto AG, Basel, Switzerland) was used 
to measure surface roughness (Ra). Five specimens from 
each group were performed for the measurement. Three 
measurements on a specimen were measured to calculate the 
mean roughness (×500 magnification). Two specimens of  
each group were embedded in the acrylic resin (Caulk/
Dentsply, Milford, DE, USA) to measure thickness of  coat-
ing. The embedded specimens were cut in the middle using 

Fig. 1.  Schematic diagram of AIP system.
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linear precision saw (ISOMET®5000, Buehler Ltd., Lake 
Bluff, IL, USA). Thickness of  coating was measured using 
scanning electron microscopy (FE-SEM S-4700, Hitachi; 
Horiba, Tokyo, Japan). 

Antibacterial activity of  the TiN, ZrN and (Ti1-xZrx)N 
coating specimens was demonstrated against S. mutans strain 
ATCC® 25175TM and P. gingivalis 381. S. mutans was main-
tained in brain heart infusion (BHI) broth (Becton, 
Dickinson and Co. Sparks, MD, USA) and P. gingivalis was 
maintained anaerobically in tryptic soy broth (TSB) (Becton, 
Dickinson) supplemented with hemin (10 µg/mL; EMD 
Chemicals, Inc., San Diego, CA, USA) and menadione (5 µg 
/mL; Sigma Chemical Co., St. Louis, MO, USA). Five speci-
mens from each group were placed in a 24-well plate and 
incubated with 1 mL of  a 1.5 × 107 cells/mL bacterial sus-
pension for 24 hr at 37ºC. After the incubation, the bacterial 
suspensions were transferred to 900 µL of  phosphate-buff-
ered saline (PBS) and diluted to 10-6. A 100 µL aliquot of  
diluted solution was plated on BHI and TSB agar plates, 
spread evenly with a spreader, and cultured at 37ºC for 2 and 
7 days, respectively. At the end of  the incubation period, the 
number of  colonies (colony-forming units) was counted. 
The results were determined from three independent experi-
ments performed in duplicate. 

Human Ostoeoblast like cell line MG-63 was used for 
biocompatibility test. Three specimens from each group 
were incubated at a cell density of  4 × 104 cells/mL in a cul-
ture plate. Cell viability was examined by the XTT assay after 

culturing the cells for 24 hours. RNA transcripts in the 
MG-63 cells grown on the specimens were evaluated using 
reverse transcription polymerase chain reaction (RT-PCR). 
RNA was extracted from the cells on the specimens. Each 
specimen was reverse transcribed into cDNA using a 
Quantitect Reverse Transcription kit (Qiagen, Valencia, CA, 
USA). The oligonucleotide primers corresponded to osteo-
nectin,	 integrin-β1,	 and	β-actin.	All	 oligonucleotide	 primers	
were	synthesized	by	Invitrogen	(Carlsbad,	CA,	USA).	β-actin	
mRNA served as an internal control for specimen loading 
and mRNA integrity. The results were determined from 
three independent experiments performed in duplicate.

IBM SPSS Statistics 20 (IBM SPSS Inc., Chicago, IL, 
USA) was used for statistical analyses. The Kruskal-Wallis 
and post-hoc Tukey’s HSD tests were used to make compari-
sons between the different surfaces. P-values <.05 were con-
sidered significant.

RESULTS

The surface topography of  the TiN, ZrN and (Ti1-xZrx)N 
coated specimens are shown in Fig. 2. Various droplets were 
observed on the TiN, ZrN and (Ti1-xZrx)N coated surfaces. 
No differences were observed among the TiN, ZrN and 
(Ti1-x Zrx)N coated specimens. And, the Ra values of  the 
TiN, ZrN and (Ti1-xZrx)N	coated	surface	were	0.26-0.30	μm.	
The thickness of  the TiN, ZrN and (Ti1-xZrx)N coating were 
1.52-2.39	μm.

Fig. 2.  Scanning electron microscopy images (×500 magnification) of the titanium specimen surface. (A) polished-Ti, (B) 
TiN, (C) ZrN, (D) (Ti75Zr25)N, (E) (Ti50Zr50)N, (F) (Ti25Zr75)N.
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As a result of  the antibacterial activity test, the number 
of  S. mutans colonies on the TiN, ZrN and (Ti1-xZrx)N coat-
ed surface decreased significantly compared to those on the 
polished-Ti surface (P<.05). No significant differences were 
observed among the TiN, ZrN and (Ti1-xZrx)N coated speci-
mens regardless of  ratio (Fig. 3A). However, the number of  
P. gingivalis colonies on all surfaces showed no significant dif-
ferences (Fig. 3B). 

The osteoblast-like cell viability values were slightly lower 
or higher for the TiN, ZrN and (Ti1-xZrx)N coated specimens 
than those for polished-Ti. However, no significant difference 
was observed among the six groups (Fig. 4). Osteonectin, 
integrin-β1,	 and	β-actin	mRNA	expression	 is	 shown	 in	Fig.	
5. As a result of  the RT-PCR measurement, no significant 

differences were observed between the levels of  osteonectin, 
integrin-β1,	or	β-actin	mRNA	in	cells	on	all	specimens.	

DISCUSSION

This study evaluated the antibacterial activity against not 
only S. mutans but also P. gingivalis and osteoblast-like cell via-
bility according to the ratio of  TiN and ZrN coating on tita-
nium using an arc ion plating system. The arc ion plating sys-
tem has the advantage that TiN, ZrN and (Ti1-xZrx)N coating 
can be applied variously on the substrates. However, it is dif-
ficult to uniformly deposit metal ions from a target onto the 
substrate, as the formation of  droplets worsens the mechani-
cal properties of  the coating layer. The droplet creation pro-

Fig. 4.  Evaluation of MG-63 cell viability on specimens 
after 24 hr by the XTT assay.

Fig. 5.  Reverse transcription-polymerase chain reaction 
measurements of osteonectin, integrin β1, and β-actin 
mRNA levels from MG-63 cells. (a) polished-Ti, (b) TiN, 
(c) ZrN, (d) (Ti75Zr25)N (e) (Ti50Zr50)N (f) (Ti25Zr75)N.

Fig. 3.  Numbers of Streptococcus mutans (A) and Porphyromonas gingivalis (B) colonies from the different groups.
*Significant difference with polished-Ti (P<.05). Outliers are denoted by circles.
Data are mean and standard deviation values of three independent experiments performed in duplicate.
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cess generated during arc ion plating is complex and depends 
on the surface roughness of  the substrate.16 Quirynen et al. 
insisted	that	a	surface	roughness	<	0.2	μm	does	not	have	an	
effect on bacterial adhesion because most bacteria are > 0.2 
μm.17 Therefore, the polished group with surface roughness 
less	than	0.2	μm	was	used	as	a	control	group.	Increased	sur-
face roughness leads to enhanced bacterial adhesion by pro-
viding shelter.18,19 In this study, the Ra values of  the TiN, 
ZrN and (Ti1-xZrx)N	coated	surface	were	0.26-0.30	μm.

This study used the AIP coating system, which is differ-
ent from the sputter coating system used by Größner et al.2 
Though the AIP system has a high deposition rate and can 
produce excellent adhesion between the coating layer and the 
substrate, this results in a thicker and more irregular coating 
layer than sputter coating. Therefore, we expected that the 
thicker and irregular TiN and ZrN coating layer would have 
antibacterial activity against not only Streptococcus mutans but 
also Porphyromonas gingivalis associated with periimplantitis. 
Furthermore, we confirmed the effect of  the thicker and 
irregular TiN and ZrN coating layer on osteoblast-like cell 
activity.

S. mutans is the predominant bacteria in the human oral 
cavity and is associated with initial adhesion. P. gingivalis in 
the subgingival area can attach to an implant and is associat-
ed with periimplantitis as it produces toxins stimulating bone 
and soft tissue inflammation. As a result of  the antibacterial 
activity test, the number of  S. mutans colonies on the TiN, 
ZrN and (Ti1-xZrx)N coated surface decreased significantly 
compared to those on the polished-Ti surface. Despite the 
TiN, ZrN and (Ti1-xZrx)N coated surface roughness > 0.2 
μm,	the	S. mutans colonies decreased significantly. This result 
indicates that S. mutans was not influenced by surface rough-
ness	possibly	because	 its	 size	 is	>	0.3	μm.20 We considered 
that the TiN, ZrN and (Ti1-xZrx)N coated surface inhibited 
initial adhesion of  S. mutans. The results also coincide that 
hard coatings such as TiN or ZrN seemed to reduce accu-
mulation of  plaque by masking the underlying more reactive 
titanium surface.2 However, this study indicated that TiN, 
ZrN and (Ti1-xZrx)N coating on titanium using an arc ion 
plating system showed no antibacterial activity against P. gin-
givalis. 

According to Jeyachandran et al., bacterial adhesion on 
titanium films were minimized by tailoring the surface chem-
ical stoichiometry of  the films using a sputtering system.21 
They showed titanium films with various surface composi-
tions, such as oxide and nitride combinations, resulted in 
nearly nil bacterial adhesion. Nevertheless, adhesion of  P. gin-
givalis was reported to increase on TiN coating which has 123 
nm of  thickness by sputter coating.22 According to Yoshinari 
et al.,	 even	 though	TiN	 coating	 thickness	was	 3	μm,	TiN	
coating did not inhibit adhesion of  P. gingivalis.23 In this 
study, the thickness of  the TiN, ZrN and (Ti1-xZrx)N coating 
were	1.52-2.39	μm.	Therefore,	it	seemed	that	TiN	coating	on	
titanium showed no antibacterial activity against P. gingivalis 
without reference to the thickness of  coating.

Interestingly, TiN, ZrN and (Ti1-xZrx)N coated titanium 
showed antibacterial activity against S. mutans but not P. gingi-

valis. The responses to TiN, ZrN and (Ti1-xZrx)N coating 
seemed to be different according to bacteria species, and 
specific chemical composition and thickness of  coating is 
considered to be essential in order to suppress certain bacte-
rial activity. Since many bacterial species cause periimplanti-
tis, further studies should be performed with different or 
mixed bacterial species associated with periimplantitis.24

Surface characteristics of  biomaterials, such as surface 
topography and surface roughness, play an essential part in 
osteoblast adhesion on biomaterials.25 After implantation, a 
complex biofilm of  proteins and cells forms on materials in 
contact with the blood within seconds.26 The biofilm is com-
posed of  cell adhesion promoting proteins and cell-activat-
ing ligands. RT-PCR measurement was performed for 
molecular biological evaluation of  osteoblast-like cell adhe-
sion.	 Integrin	 β1	 is	 the	major	 integrin	 subunit	 involved	 in	
osteoblast adhesion to biomaterials27 and it plays a role in ini-
tial cell adhesion by mediating adhesion proteins. The extra-
cellular matrix (ECM) protein osteonectin is an essential 
component of  the noncollagenous matrix in bone. It is asso-
ciated with binding Ca2+ ions and hydroxyapatite during min-
eralization.28,29 Thus, production of  osteonectin regulates the 
degree of  cell adhesion to biomaterials. No significant differ-
ences were observed between the levels of  osteonectin, 
integrin-β1,	or	β-actin	mRNA	in	cells	on	all	specimens.	This	
result indicates that TiN, ZrN and (Ti1-xZrx)N coated surfac-
es did not influence osteoblast-like cell activity. 

This study evaluated cell viability for only 24 hours and 
more comprehensive results would likely be obtained with 
longer term evaluation. Long term evaluation of  adhesion, 
proliferation and differentiation of  cells should be per-
formed as well. RT-PCR measurements of  adhesion associ-
ated	proteins	other	than	osteonectin	and	integrin	β1	should	
also be performed. 

A limitation of  this study is that the evaluation of  anti-
bacterial activity and osteoblast-like cell viability was only 
performed in vitro. Further studies are needed to demon-
strate the antibacterial activities of  TiN, ZrN and (Ti1-xZrx)N 
coated surfaces in vivo. The development of  coating methods 
that produce surfaces suitable for preventing bacterial adhe-
sion is required for further studies. 

CONCLUSION 

This study conclude that the TiN, ZrN and (Ti1-xZrx)N coat-
ing on titanium using an arc ion plating system show antibac-
terial activity against S. mutans related to initial biofilm for-
mation but not P. gingivalis associated with advanced periim-
plantitis. The TiN, ZrN and (Ti1-xZrx)N coating on titanium 
did not influence osteoblast-like cell viability.
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