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Abstract 
Prevention of implant associated infection has been one of the main challenges in oral implantology. The emergence of antibiotic resistance crisis due to 
the prescribed antibiotics to treat the infection further complicates the challenge. The objective of this study was to compare the antibacterial activities of 
Ti, Ti Cu, Ti HA and Ti Cu/HA against Porphyromonas gingivalis which is considered as one of the microorganisms that most commonly related to the 
dental implant failure. Both qualitative and quantitative tests clearly showed that copper nanoparticles have antibacterial effect. The results suggest that 
the surface modification of Ti-6Al-7Nb alloy with nCu/HA may be good for use as an attractive coating for local control of infection around dental 
implant.  

INTRODUCTION 
Dental implant has become one of the therapeutic alternatives for 
the rehabilitation of totally or partially edentulous patients. 
Commercially pure Titanium (Cp-Ti) and Ti-6Al-4V alloy are 
widely used materials in dental implants. Nevertheless, Cp-Ti is 
unfavourable on its own as it displays poor mechanical properties. 
Hence, the use of Ti-6Al-4V alloy has been advocated to improve 
the mechanical properties (Semiatin et al., 1997). However, some 
studies have discovered that Ti-6Al-4V alloy induces some 
inflammatory responses associated with the release of vanadium 
which has been reported to be toxic and affects the proliferation of 
peri implant cells (Venkataraman and Sudha, 2005; Ngwa et al., 
2009; Manivasagam et al., 2010). As a result, Ti-6Al-7Nb alloy 
has been recommended as an alternative to Cp-Ti and Ti-6Al-4V 
alloy (Geetha et al., 2009).  
Problems of the osseous healing of implants seem to be resolved 
by surface modification with bioactive materials such as 
hydroxyapatite (HA), which is considered as a promising 
modification due to the similarity of its chemical composition 
with an inorganic component of human hard tissues like bone and 
teeth (Djošić et al., 2012). Despite the improvement in 
osseointegration with HA modification, the subsequent 
accumulation of bacteria on implant surfaces is still the main 
catalyst for the initiation of inflammatory processes. The quality 
and quantity of plaque that accumulates on the implant abutment 
surface that come in contact with gingival tissue can lead to 
progressive loss of alveolar bone surrounding the implant (Ong et 
al., 1992). Peri-implantitis, the pathological inflammatory change 
that takes place surrounding the load bearing implant tissues is 
considered the most common complication in orofacial 
implantology (Mombelli and Lang, 1998; Göthberg et al., 2003). 
The pathogenesis of this infection has been related to the 
biomaterial surfaces largely affected by the initial adhesion and 
the colonization of bacteria.  
The microorganisms that most commonly related to the failure of 
an implant are the Gram-negative anaerobes, like Prevotella 
intermedia, Porphyromonas gingivalis, Actinobacillus 
actinomycetemcomitans, Bacterioides forsythus, Treponema 
denticola, Prevotella nigrescens, Peptostreptococcus micros and 
Fusobacterium nucleatum. Some of these microorganisms look 
like those found around natural teeth in patients with severe 
chronic periodontitis, especially Porphyromonas gingivalis (Lee 
et al., 1999; Heydenrijk et al., 2002; Shibli et al., 2003; Pye et al., 
2009; Henry et al., 2012).  
The incorporation of antibacterial agents in metal ions consisting 
of copper (Cu2+), silver (Ag+), and zinc (Zn2+) in HA have been 

proposed to resolve the problem of implant related infections that 
have been associated with deficiency of antibacterial capacity in 
HA (Borkow et al., 2010; Grass et al., 2011). Several studies 
reported that the above metal ions in the implant coatings play a 
key role in minimizing or preventing initial bacterial adhesion 
(Kim et al., 1998; Yang et al., 2009; Stanić et al., 2011). Among 
these ions, Cu2+ is a necessary trace element for mammals and 
plants because it stimulates several enzymes activities and 
performs a function in crosslinking of collagen and elastin of 
bones (Habibovic and Barralet, 2011). Cu2+ has demonstrated high 
antibacterial ability whilst maintaining a low cytotoxicity 
(Habibovic and Barralet, 2011; Radovanović et al., 2014; 
Shanmugam and Gopal, 2014). To our knowledge, this is the first 
study that has been conducted to investigate the antibacterial 
properties of copper ion doped hydroxyapatite as a coating on Ti-
6Al-7Nb against P. gingivalis. 
The primary aim of the current study was to evaluate the 
antibacterial activity of Ti-6Al-7Nb alloy coated with copper 
(nCu), hydroxyapatite (nHA) and copper ion doped 
hydroxyapatite (nCu/HA) nanoparticles by electrophoretic 
deposition technique against Prophyromonas gingivalis bacteria. 
The evaluation of antibacterial agents was performed using agar 
diffusion and broth culture tests. 

MATERIALS AND METHODS 
Sample preparation 
The Ti-6Al-7Nb alloy rod (American Elements, USA) were cut 
into disks (10 mm in diameter, 2 mm in thickness) using a lathe 
machine. The samples serially ground by 320, 400, 600, 800, 
1000, 1200, 1500 and 2000 grits silicon carbide abrasive papers 
and lastly polished with 1µm diamond paste to remove any 
scratches. The samples were connectionally cleaned with acetone 
and then distilled water after each step of grinding or polishing to 
remove the abrasive debris. The Ti-6Al-7Nb samples (Ti) were 
then coated with nCu (Ti Cu), nHA (Ti HA) and nCu/HA (Ti 
Cu/HA) by electrophoretic deposition following process from 
previous studies (Razak and Sharin, 2007; Alzubaydi et al., 2009). 
Investigations of antibacterial effects 
Agar diffusion method 
In this study, the antibacterial properties of the Ti (control), Ti Cu, 
Ti HA and Ti Cu/HA samples were investigated against P. 
gingivalis strain (ATCC33277). A 0.5 McFarland suspension 
(containing approximately 1.5 × 108 CFU/ml) of standard P. 
gingivalis strain was prepared and an aliquot was spread on 
Colombia Sheep Blood Agar plate (OXOID Ltd., England). The 
coated and uncoated samples were posed on the bacteria covered 
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plate. Finally, all plates were incubated in an anaerobic chamber 
in an atmosphere of 85 % N2, 10 % CO2 and 5 % H2 at 37 °C for 
day 1, day 2 and day 3 (Hamza et al., 2015). After the incubation 
periods, the antibacterial activity of the samples was manifested 
by the formation of clear zone around each sample. The diameter 
of each zone was measured in milliliter (mm) using an electronic 
digital caliper (Libera kingdom, China). Three readings of the 
inhibition zone diameter surrounding each sample were taken and 
the average results were noted. 
Broth culture test 
According to international standards (ISO/EN 10993-5, 2009; 
ISO/EN 10993-10, 2009), the extract of Ti (control), Ti Cu, Ti 
HA and Ti Cu/HA were sterilized by autoclaving at 121 ◦C for 20 
min and then were immersed in brain heart infusion broth with a 
surface area-to-volume ratio of 1.25 cm2/ml under a condition of 
37 ◦C and 5% CO2 for 72 h to prepare the extract (Holm et al., 
2015). 
The concentration of the bacterial solution was adjusted to 1.5 × 
108 cfu ml-1. Then, 1 ml of the suspension of bacteria was 
inoculated with each test tube containing 1 ml of extract solution. 
After that, the test tubes together with the control tube (growth 
control) were incubated in an anaerobic chamber in an atmosphere 
of 85 % N2, 10 % CO2 and 5 % H2 at 37 °C for 24 hours. The 
evaluation of growth was observed by getting the optical density 
(OD) measurements, a primary reading was taken at zero hour in 
densitometer and afterward readings were taken after each two-
hour up to 24 hours. The inhibition percentage of bacteria was 
calculated using the formula: 
Inhibition percentage = (C0 − C)/C0× 100 (1) 
where C0 is the number of bacteria on the control tube and C is the 
number of bacteria on the tube with extract of samples. The 
statistical analysis of the antibacterial activity test was determined 
by repeated measures ANOVA. The results were considered 
significant at p < 0.05 level. 
 

RESULTS 
Disk diffusion test 
The inhibition zone displays the degree of susceptibility of the 
coated sample against the bacteria. Bacteria that were sensitive to 
antibacterial agents showed larger inhibition zone, whereas those 
resistant exhibit smaller or no inhibition zone.  
Figure 1A, B and C show the antibacterial activities of Ti, Ti Cu, 
Ti HA and Ti Cu/HA against P. gingivalis at day 1, day 2 and day 
3 on Colombia Sheep Blood Agar. The results indicated a 
complete growth of bacteria that was incubated with Ti and Ti 
HA. However, no bacterial activity was detected around Ti Cu 
and Ti Cu/HA coated disks representing a remarkable 
antibacterial activity around the disks  
The mean differences of diameter of the inhibition zones around 
Ti Cu and Ti Cu/HA by incubation period and by treatment group 
were compared and represented in Table 1 and Table 2 
respectively. Table 1 shows a significant decrease in the diameter 
of inhibition zones in both groups from day 1 to day 3 while Table 
2 reveals that Ti Cu significantly exhibited a larger zone of 
inhibition than Ti Cu/HA coated disk. 
 
Broth culture test  
Table 3 displays the percentage of inhibition among the groups 
against P. gingivalis. The results showed that Ti Cu and Ti Cu/HA 
have higher antibacterial effect on P. gingivalis when compared 
with Ti and Ti HA coated extracts. P. gingivalis treated with Ti 
and Ti HA exhibited rapid growth after 4–24 hours of incubation 
compared to Ti Cu and Ti Cu/HA as shown in Figure 2. The 
absorbance in initial stage and final stages are similar in Ti Cu 
and Ti Cu/HA indicating that P. gingivalis was highly susceptible 
to Ti Cu and Ti Cu/HA. Figure 3 represents the differences in the 
turbidity between four treatment and control (broth and bacteria) 

groups. The turbidity for control, Ti and Ti HA were higher as 
compared to Ti Cu and Ti Cu/HA groups.  
 

Table 1: Comparison of inhibition zone formed against P. gingivalis 
among treatment    groups by day 

Comparison 
Ti Cu n= (9) Ti Cu/HA n= (9) 
MD(95%CI)             

P-value 
MD(95%CI)           

P-value 

Day 1 - Day 2 0.69< 0.001*** 
(0.40, 0.99) 

0.69 < 0.001*** 
(0.38, 1) 

Day 1 - Day 3 1.27  < 0.001*** 
(0.86, 1.67) 

1.34   < 0.001*** 
(1.02, 1.65) 

Day 2 - Day 3 0.57  < 0.001*** 
(0.34, 0.81) 

0.65   < 0.001*** 
(0.54, 0.76) 

Repeated measures ANOVA within group analysis was applied followed 
by pairwise comparison with confidence interval adjustment  
 
 

 
Figure 1 Zone of inhibition formed around Ti, Ti Cu, Ti HA and 

Ti Cu/HA at: A- day 1, B- day 2 and C- day 3 
 

Table 2: Mean differences of the inhibition zones between Ti Cu and Ti 
Cu/HA against P. gingivalis 

Mean(SD) 
MD 95% CI p-value 

Ti Cu Ti Cu/HA 

9.40(0.39) 6.37(0.35) 3.02 2.66, 3.37 < 0.001*** 
F-stat (df) = 3124.226(3), P-value=0.000 
Repeated measures ANOVA between groups analysis was applied 
followed by post-hoc multiple comparisons  
Level of significance at 0.05  
 

Table 3:  The percentage of inhibition among groups against P. 
gingivalis 

Groups 
P. gingivalis (n=9) 

Mean (SD) 

Ti 28.57(1.96) 

Ti Cu 75.46(0.87) 

Ti HA 56.57(1.16) 

Ti Cu/HA 87.77(0.85) 
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Figure 2:The antibacterial activity of Ti, Ti Cu, Ti HA and Ti Cu/HA 

 
 

 
Figure 3: Turbidity evaluation for broth culture formed for Ti, Ti 

Cu, Ti HA and Ti Cu/HA 
 

DISCUSSION 
The main objective of our work was to study the antibacterial 
activity of Cu and Cu/HA nanoparticles using agar diffusion and 
broth culture tests. The growing interest in this field is related to 
the bacterial infection around dental implant which remains as a 
significant complication (Kalaivani et al., 2014). Therefore, 
developing dental material with high antibacterial property helps 
to decrease or limit the growth of any bacteria, even after 
treatment in infected defects. The agglomeration of nanoparticles 
inside the agar medium was considered the main disadvantage of 
using agar diffusion test. To avoid any false negative results 
which present in agar diffusion tests, a broth culture analysis is 
required to double-check the results. 
Our results revealed that Cu2+ released from Ti Cu and Ti Cu/HA 
exerted a strong antibacterial effect against P.gingivalis 
suggesting that Cu2+ showed good antibacterial activity against 
the microorganism. This finding was in accordance to the work 
done by Liu et al. who compared the antibacterial efficiency of 
Cu-bearing titanium alloy (Ti-Cu) in comparison to pure Ti 
against the same microorganism by real-time polymerase chain 
reaction method. The antibacterial property improves greatly 

when using Cu2+ particles in nanosize as demonstrated by 
(Medina et al., 2007; Grass et al., 2011) Likewise, in the present 
study, the Cu2+  and HA particles were synthesized in 
nanoparticles to improve their bactericidal effect by increasing the 
contact surface area against P. gingivalis.  Until now, the exact 
mechanism of bacterial cell death by Cu nanoparticles is not 
entirely understood. Metal ion incorporation results in progressive 
release of membrane proteins and lipopolysaccharide molecules 
which can in turn cause changes in membrane permeability and 
deformation of the outer membrane (Madigan and Martinko, 
2005). The bacterial cell death may be due to possible attachment 
of Cu nanoparticles to negatively charged bacterial cell wall 
because of the negatively charged lipopolysaccharides (Lin et al., 
1996). Copper ion nanoparticle surfaces interact directly with the 
bacterial outer membrane, causing the membrane to rupture and 
kill the bacteria (Chatterjee et al., 2012).   
In this study, the antibacterial effect of Cu nanoparticles alone 
was found to be highly effective than Cu/HA. The reduction in the 
latter group may be due to the absence of antibacterial activity 
observed in HA coated Ti against P. gingivalis, therefore reducing 
the diameter of inhibition when compared with samples coated 
with Cu nanoparticles only. The existing results are in accordance 
with a study by Stanić et al. (2010) who found the Cu/HA 
samples clearly confirmed an antibacterial effect on Escherichia 
coli and Candida albicans in disk diffusion test when compared 
with HA and Zn/HA that did not show antibacterial results. 
However, the zone of inhibitions produced on day 3 were 
determined considerably smaller as compared to those produced 
on day 1 and day 2 for Cu and Cu/HA nanoparticle groups. This 
decline in antibacterial activity might be retracted to the 
associated decline in the available concentrations of Cu 
nanoparticles. The decline in antibacterial activity over extended 
periods of time has been invariably reported by the previous 
researchers as well (Turkun et al., 2008; Yesilyurt et al., 2009; 
Prabhakar et al., 2014). In the case of nanoparticles, these results 
cannot be considered conclusive due to diffusion complications. 
From our study, broth culture analysis is a better index to study 
the antibacterial effect as the nanoparticles are always in direct 
contact with the bacteria. The results demonstrated that Cu and 
Cu/HA nanoparticles showed reduction of P. gingivalis in broth 
culture method comparable to the findings from disk diffusion 
test. However, Ti and Ti HA without Cu nanoparticles showed 
contradictory results in broth culture analysis when compared to 
the disk diffusion test as some bacterial reduction was observed. 
These findings proposed that the adhesion of bacterial cells to the 
particles of Ti and Ti HA may contribute to the overall reduction 
of the bacterial number in a liquid medium. The adhesion may 
facilitate contact of Cu2+ with cells walls and thus enable their 
destructive effect on the cells. However, further investigation is 
required to validate the proposed theory. Our findings were 
comparably similar to the antibacterial tests results in liquid 
medium from Stanić et al. (2010) which revealed that all metal-
doped HA samples (HA, Cu/HA and Zn/HA) displayed viable 
cells reduction of all microorganism species.  
 

CONCLUSION 
In this work, Ti Cu and Ti Cu/HA samples clearly demonstrated 
an antibacterial effect on P. gingivalis in disk diffusion test and 
the results were corroborated by broth culture analysis. The 
antibacterial efficiency of Cu nanoparticles was dependent on the 
quantities of Cu2+. According to this study, copper ion doped 
hydroxyapatite (Cu/HA) in nanoparticles is considered highly 
effective as an antibacterial agent and Titanium surface 
modification with this material can be recommended as an 
attractive coating for local control of infection around dental 
implant.  
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