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Purpose: Several parameters have been described for determining the success or failure of dental implants. The surface
properties of transgingival implant components have had a great impact on the long-term success of dental implants. The
purpose of this study was to compare the tendency of two periodontal pathogens to adhere to and colonize zirconia abut-
ments and titanium alloys both in hard surfaces and soft tissues.
Methods: Twelve patients participated in this study. Three months after implant placement, the abutments were connected.
Five weeks following the abutment connections, the abutments were removed, probing depth measurements were recorded,
and gingival biopsies were performed. The abutments and gingival biopsies taken from the buccal gingiva were analyzed us-
ing real-time polymerase chain reaction to compare the DNA copy numbers of Aggregatibacter actinomycetemcomitans, Por­
phyromonas gingivalis, and total bacteria. The surface free energy of the abutments was calculated using the sessile water drop
method before replacement. Data analyses used the Mann Whitney U-test, and P-values below 0.05 find statistical signifi-
cance.
Results: The present study showed no statistically significant differences between the DNA copy numbers of A. actinomy­
cetemcomitans, P. gingivalis, and total bacteria for both the titanium and zirconia abutments and the biopsies taken from their
buccal gingiva. The differences between the free surface energy of the abutments had no influence on the microbiological
findings.
Conclusions: Zirconia surfaces have comparable properties to titanium alloy surfaces and may be suitable and safe materials
for the long-term success of dental implants.
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INTRODUCTION

Numerous studies on various clinical indications have doc-
umented high success rates of dental implant therapy [1-4]. 
Several parameters have been described to determine the 

success or failure of long-term evaluations of dental implants. 
Among these, periimplantitis has been proposed to be one of 
the most critical factors of implant failures [5]. Various experi-
mental [6,7] and clinical studies [8,9] have shown a positive 
correlation between plaque accumulation and periimplant 
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bone loss. The surface properties of transgingival implant 
components have a great impact on the long term success of 
dental implants. Parameters such as surface free energy and, 
especially, surface roughness were found to be unsupportive 
in the prevention of plaque accumulation. Therefore, an ide-
al transmucosal implant surface should be smooth in order 
to allow the formation of an epithelial seal that prevents plaque 
accumulation [10-13]. Conventional titanium abutments are 
widely used as the transgingival components of dental im-
plants [14]. In addition to commercially pure titanium, stud-
ies have reported promising results with titanium alloys or 
with surface modifications of titanium such as coating with 
titanium nitride (TiN) or zirconium nitride (ZrN) [10,15]. In 
recent years, in order to achieve a final implant-supported 
prosthesis indistinguishable from the adjacent natural teeth, 
zirconium abutments have been favored for their aesthetic 
benefits, especially in the anterior area [16,17]. Zirconia has an 
excellent resistance to corrosion, biocompatibility, and high 
levels of loading capacity [18]. The role of specific bacterial 
species in the pathogenesis of human periodontal diseases 
has been extensively reviewed, and among these Aggregati­
bacter actinomycetemcomitans and Porphyromonas gingivalis 
have been identified as the species most strongly associated 
with periodontitis and periimplantitis [19,20]. These two 
pathogens have been shown to be able to invade human 
buccal epithelial cells in vivo [21].

The aim of this study was to compare the tendency of two 
periodontal pathogens to adhere to and colonize esthetically 
favorable zirconia abutments and titanium alloys, both on 
hard surfaces and in soft tissues for 5 weeks after abutment 
placements.

MATERIALS AND METHODS

Patient selection
Twelve patients, 6 women and 6 men, with a mean age of 

47 years (standard deviation, 10 years) who were referred for 
treatment at the Piracicaba Dental School, were selected based 
on the following inclusion criteria: 1) the presence of partial 
edentulism with reduced stability and chewing ability, 2) no 
history of radiotherapy in the head and neck region, 3) no his-
tory of preprosthetic surgery or previously inserted implants, 
and 4) no history of systematic disease, smoking habit, or preg-
nancy. This study was approved by the Institutional Ethics 
Board for human subjects, and each patient received a detailed 
description of the proposed treatment for informed consent. 
All of the patients received two implants. Three months after 
surgery, two different types of abutment connections, titani-
um and zirconium abutments, were performed. The place-
ment of the abutment types were selected randomly for each 

patient, but in order to avoid the differences in plaque con-
trol between the mesial and distal areas, a great effort was 
made to equally distribute the zirconium and titanium abut-
ments on the dental arch according to their mesial or distal 
location (6 zirconium and 6 titanium abutments were located 
in the anterior region). After 5 weeks of abutment connections, 
the abutments were removed, the probing depth measure-
ments were recorded, and gingival biopsies were performed. 
The abutments and gingival biopsies were analyzed by mi-
crobiological evaluations. After removal of the abutments, 
gingival formers were placed in each patient.

Clinical and radiographic measurements
All examinations were conducted by a single, experienced 

dental examiner. The full mouth plaque index scores, gingi-
val index scores, probing depth measurements, and bleeding 
on probing scores were recorded for each patient during the 
initial therapy. Full mouth periapical and panoramic radiog-
raphies were also performed. The patients with chronic or 
aggressive periodontitis were excluded from the study. All  
of the patients’ teeth were stained for plaque and received a 
thorough supragingival dental prophylaxis to remove all the 
stains, calculus, and plaque. Detailed oral hygene instructions 
were also provided to the patients. After 4 weeks of initial ther-
apy, all of the measurements were recorded again, and oral 
hygene procedures were repeated as needed. At the end of 
the following week, the surgical procedures were performed. 
The clinical measurements were obtained during the initial 
visits, before surgery, and five weeks after surgery, as described 
in the following section. Full-mouth probing measurements 
were recorded at the mesiobuccal, midbuccal, distobuccal, 
mesiolingual, midlingual, and distolingual surfaces using a 
Williams probe. The probing depth was assessed as the lon-
gest distance between the gingival margin and the base of 
the periodontal pocket, and the gingival recession was as-
sessed as the longest distance between the cemento-enamel 
junction and the gingival margin. The full-mouth gingival 
index (Löe & Silness) and plaque index (Silness & Löe) were 
also determined. Bleeding on probing was recorded as posi-
tive if it occurred within 30 seconds of probing.

Surgical procedures
Following local anesthesia, crestal incisions were made and 

a full-thickness flap was elevated. All the patients received 
two implants in the premolar or molar region of the mandi-
ble. The surgical procedure followed the manufacture’s rec-
ommendation. Following the site preparation, two implants 
were placed on the mandible. The surgical flaps were sutured 
with nonresorbable sutures. Unless contraindicated, all the 
patients were prescribed a nonsteroidal antiinflammatory 
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(200 mg flurbiprofen) and chlorhexidine rinse. The sutures 
were removed one week postoperatively.

Three months after the implant placement, second-stage 
surgeries were performed and the abutments were connect-
ed. Five weeks following the abutment connections, the pa-
tients were instructed to brush their abutments and teeth 
twice daily, but they were not allowed to use any type of in-
terdental cleaners. After 5 weeks of abutment connections, 
the abutments were removed, the probing depth measure-
ments were recorded, and gingival biopsies were performed. 
The abutments and gingival biopsies taken from the abut-
ments in the buccal gingiva were analyzed using real-time 
polymerase chain reaction (PCR) to compare the DNA copy 
numbers of A. actinomycetemcomitans, P. gingivalis, and total 
bacteria. The surface free energy of the abutments were cal-
culated using sessile water drops before the replacement, 
and this data helped us to explicate the real-time PCR findings.

Measurement of surface free energy
In order to estimate the wetting of the abutment surfaces, 

the sessile drop technique was used. The titanium and zirco-
nium abutment surfaces were wetted with 2 μL of deionized 
water. The sessile drop was visualized using a charge coupled 
device camera (CCD-C) for acquisition image, and the contact 
angle was measured using ImageJ 1.46 software (National In-
stitute of Health, Bethesda, MD, USA) [22], with a framework 
analysis routine technique. The surface hydrophobicity of the 
abutments was expressed as the work of adhesion between a 
solid and liquid and calculated using the Young-Dupre equa-
tion, -∆GSL=γL (1+Cosθ) [23], where liquid interfacial free en-
ergy (γL) for deionized water was accepted as 7.2×10-4 N.m-1 at 
25° [24] and θ is the contact angle of the sessile water drop.

DNA isolation and purification from the zirconium and  
titanium abutment surfaces and the corresponding  
mucosal biopsy samples

The abutments and mucosal samples were treated for 3 hours 

with digestion buffer, which contained proteinase K and so-
dium dodecyl sulfate. The lysates were mixed with guanidi-
um thiocyanate containing binding buffer, and then loaded 
to the silica spin columns. After the binding step, the silica 
bound DNA samples were washed with ethanol-tris-chloride 
buffer in order to wash off the excess salt. DNA was eluted 
using a 10 mM Tris chloride pH 9.0 buffer.

Detection and quantification of A. actinomycetemcomitans, 
P. gingivalis, and total bacterial DNA using real-time PCR 

Real-time PCR with 5´ hydrolysis chemistry was used to de-
tect and quantify total bacteria, A. actinomycetemcomitans, and 
P. gingivalis DNA. The oligonucleotide primers and fluores-
cent labeled probes used in this study are shown in Table 1 [25]. 
Fluorometric real-time PCR was performed in a 25 μL reac-
tion mix consisting of the ready-to-use TaqMan Universal 
Master Mix (Applied Biosystems, Foster City, CA, USA), 0.5 μM 
of each primer, and 0.15 μM of the 5´ hydrolysis probe. Cycling 
conditions were set as initial denaturation and enzyme acti-
vation at 95°C for 10 minutes, followed by 40 cycles of dena-
turation at 95°C for 15 seconds and elongation at 60°C for 1 min-
ute. The fluorometric readings were performed at the elon-
gation step. The cloned DNA standards of 100 to 107 copies/
μL were used to construct the quantification curve.

Statistical evaluation
The differences between the implant groups were evaluat-

ed using the nonparametric Mann-Whitney U-test. P-values 
below 0.05 were considered statistically significant. The val-
ues of the clinical and biochemical parameters are expressed 
as mean±standard error of mean (SEM).

RESULTS

Surface free energy
The surface free energy of the abutments was calculated 

using the sessile water drop method. Comparing the surface 

Table 1. Oligonucleotide primers and fluorescent labelled 5' exonuclease probes used in the study.

Bacteria Primer Base squence

Universal bacterial (Uni) Uni152-f 5’-cgctagtaatcgtggatcagaatg-3’
Uni220-r 5’-tgtgacgggcggtgtgta-3’
Uni177T 5’-JOE-cacggtgaatacgttcccgggc-TAMRA-3’

Aggregatibacter actinomycetemcomitans (Aa) Aa-f 5’-acgcagacgattgactgaatttaa-3’
Aa-r 5’-gatcttcacagctatatggcagcta-3’
Aa-S 5’-FAM-tcacccttctaccgttgccatggg-TAMRA-3’

Porhyromonas gingivalis (Pg) Pg-f 5’-cctacgtgtacggacagagctata -3’
Pg-r 5’-aggatcgctcagcgtagcatt-3’
Pg-S 5’-FAM-tcgcccgggaagaacttgtcttca-TAMRA-3’
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free energy of the zirconia and titanium abutments, the zir-
conia abutments showed lower surface free energy than the 
titanium abutments (zirconia, 1,85 ×10-6 N m-1; titanium, 
2,662×10-6 N m-1) (Figs. 1 and 2).

Microbiological analysis and probing depth
No significant differences were found in the DNA copy 

numbers of the adherent total bacteria, A. actinomycetemcom­
itans, or P. gingivalis for both the titanium and zirconia abut-
ment surfaces and also for the biopsies taken from their buc-
cal gingiva (P>0.05). The differences between the free sur-
face energy of the abutments had no influence on the micro-
biological findings (Tables 1-3). The results of the Mann-
Whitney U-test indicated that the differences between the 
implant groups were not significant (P=0.388) for probing 
depth, with the titanium surface at 2.51±0.13 mm and the zir-
conium surface at 2.38±0.09 mm.

 
DISCUSSION

The present study has shown no statistically significant dif-
ferences between the DNA copy numbers of A. actinomyce­
tencomitans, P. gingivalis, and total bacteria for both the tita-
nium and zirconia abutments and the biopsies taken from 
their buccal gingiva (Figs. 3 and 4). The differences between 
the free surface energy of the abutments had no influence 
on the microbiological findings. After the experimental stud-
ies of Loe et al. [26] that pointed out biofilm as a primer etio-
logic factor responsible for gingivitis or periodontitis, nu-
merous clinical, histological, and microbiological studies re-
vealed a similar nature of periodontitis and periimplantitis 
[6,7,27]. The lack of a cement layer and Sharpey’s fiber on the 

implant surfaces makes the ephitelial downgrowth occur fast-
er than natural teeth [28]. Because of this, the transgingival 
implant components seem to be particularly important with 
regard to the plaque accumulation properties, which are es-
sential for the prevention of failures.

In the past decades, much attention has been focused on the 
zirconium ceramic, which combines biocompatibility, aes-
thetics, and impressive resistance to fractures [13,16,17]. Un-
derstanding the influence of zirconium surfaces on bacterial 
colonization and plaque formation is important for verifying 
the reliability of zirconia surfaces.

It has been reported that the surface roughness of implant 
materials has a significant impact on plaque formation [29, 
30]. Smooth surfaces have been suggested for resisting bac-
terial colonazition [10]. Comparing the surface roughness of 
commercially pure titanium surfaces with the Ti6Al4V sur-
faces used in our study, the roughness of the Ti6Al4V surfac-
es were found to be significantly lower than that of the com-
mercially pure titanium surfaces [31], suggesting that titani-
um alloys may harbor fewer bacteria.

Rimondini et al. [13] compared oral bacterial colonization 
on machined grade 2 Ti (commercially pure titanium) and 
tetragonal zirconia polycrystal stabilized yttrium (Y-TZP) fab-
ricated disks in vitro and in vivo. The in vivo tetragonal zirco-
nia, stabilized with yttrium surfaces, accumulated significant-
ly fewer bacteria than titanium, whereas no differences were 

Table 2. Log total bacterial, Aggregatibacter actinomycetemcomitans 
and Porhyromonas gingivalis DNA copy numbers/μL in titanium and 
zirconia abutments.

Titanium Zirconium P-value

Total bacteria log DNA copy 
   numbers/μL

6.07±0.12 6.12±0.12 0.6949

A. actinomycetemcomitans log 
   DNA copy numbers/μL

1.67±0.14 1.43±0.12 0.5002

P. gingivalis log DNA copy 
    numbers/μL

3.34±0.18 3.65±0.17 0.7671

Values are presented as mean±standard deviation. 

Table 3. Log total bacterial, Aggregatibacter actinomycetemcomitans 
and Porhyromonas gingivalis DNA copy numbers/μL in buccal gingi-
va biopsies adjacent to titanium and zirconia abutments.

Titanium Zirconium P-value

Total bacteria log DNA copy 
   numbers/μL

4.59±0.13 3.65±0.13 0.2719

A. actinomycetemcomitans log 
   DNA copy numbers/μL

1.24±0.11 0.33±0.07 0.0796

P. gingivalis log DNA copy 
   numbers/μL

1.29±0.14 1.92±0.15 0.3454

Values are presented as mean±standard deviation. 

Figure 1.  The angular value of titanium abutment obtained by ses-
sile water drop: 129.08°.

Figure 2.  The angular value of zirconium abutment obtained by 
sessile water drop: 137.99°.
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noted for Actinomyces spp. or P. gingivalis in vitro. Scarano et 
al. [17] evaluated the microbiologic characteristics of commer-
cially pure titanium (control) and zirconia (test) disks for 24 
hours in ten patients. A removable acrylic device was adapted 
to the molar-premolar region, and was glued to the buccal 
aspect of each device. SEM analysis showed that in the zirco-
nium disks, the area covered by bacteria was 12.1%, whereas in 
the titanium disks, the area covered by bacteria was 19.3%. 
Both of the studies mentioned above were short-term evalu-
ations (24 hours), and they did not evaluate the subgingival 
area. In addition, the abutments used in these studies were 
of commercially pure titanium. In our study we investigated 
bacterial colonization for 5 weeks, not only on the zirconium 
and titanium abutment surfaces, but also in the gingival bi-
opsies directly adjacent to the abutment surfaces.

Grossner-Schreiber et al. [10] evaluated bacterial adhesion 
on four different surface treatments: physical vapor deposi-
tion with either TiN or ZrN, thermal oxidation, and structur-
ing with laser radiation. Polished titanium surfaces were used 
as controls. Compared to polished titanium, the authors re-
ported a significant reduction in the number of adherent 
bacteria on inherently stable titanium hard materials such as 

TiN and ZrN and thermically oxidated titanium surfaces and 
concluded that physical modification of titanium implant 
surfaces, such as coating with TiN or ZrN, may reduce bacte-
rial adherence and thus improve clinical results. The titani-
um alloys (Ti6Al4V) used in our study showed comparable 
results with the zirconium abutments.

Quirynen et al. [32] compared the influence of surface free 
energy of conventional titanium abutments and fluor-ethyl-
ene-propylene (FEP)-coated abutments on supra- and sub-
gingival plaque microbiology in 9 patients. The supragingival 
plaque was examined using differential phase-contrast mi-
croscopy and showed that the FEP coated abutments, which 
had lower surface free energy, frequently harbored more coc-
coid microorganisms, whereas spirochetes or motile organ-
isms were only detected around the titanium abutments, 
which had higher surface free energy. Subgingivally, for the 
abutment-adhering plaque, the number of colony forming 
units was higher on the titanium abutments than on the 
FEP-coated abutments. However, this difference was not sta-
tistically significant (P=0.38). When comparing the surface 
free energies of the titanium and zirconia abutments used in 
our study, the zirconia abutments had lower surface free en-
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ergy than the titanium abutments (18.50 erg/cm2 vs. 26.62 
erg/cm2), suggesting that the zirconium abutments would 
harbor fewer bacteria than the titanium abutments. In fact, 
the real-time PCR analysis of the gingival biopsies showed 
fewer A. actinomycetencomitans DNA copy numbers with the 
zirconia abutments, but these differences were not statisti-
cally significant (P=0.0796).

In conclusion, the results of this research showed that zir-
conia surfaces had comparable properties to titanium alloy 
surfaces, both supragingivally on the abutments and in buc-
cal gingival biopsies related to the subgingival area.
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