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Abstract
Objective: To assess the marginal and bacterial microleakage in zirconia and CAD- 
CAM or cast Co- Cr implant abutments.
Methods: Sixty- four conical connection implants with their respective abutments were 
divided into four groups (Co- Cr (milled, laser- sintered, and cast) and Zirconia (milled)). 
All specimens were subjected to a chewing simulation and thermocycling. After 
aging process, specimens were submerged in a 0.2% methylene blue solution with 
Porphyromonas gingivalis (P.g) for 48 h. The marginal microleakage was measured using 
a 40× optical microscopy at the internal part of the implant, and when positive micro-
leakage was observed, a DNA isolation with a polymerase chain reaction (PCR) test 
was used. The microbiological assessment was based on colony forming units (CFUs).
Results: Thirty (47%) implant- abutments presented microleakage and the PCR was 
performed on those specimens (1 Zirconia, 1 Co- Cr milled, 14 Co- Cr laser- sintered 
and 14 cast). Seven specimens (1 Co- Cr laser- sintered and six cast) presented values 
below the PCR detection limit (< 100 CFUs). The lowest CFUs count occurred in the 
Co- Cr milled group (5.17E+02 CFUs/ml) followed by zirconia (7.70E+03 CFUs/ml). 
The Co- Cr cast (9.39E+03 CFUs/ml) and laser- sintered (2.4E+05 CFUs/ml) groups had 
higher bacterial count. The CFU count comparison performed between Co- Cr cast 
and laser- sintered resulted in a statistically significant differences in favor of Co- CrCL 
(p < .05).
Conclusions: The abutment material and fabrication technique affected the implant- 
abutment microleakage. Although the CAD- CAM abutments presented favorable re-
sults, all tested groups presented microleakage.
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1  |  INTRODUC TION

During last three decades, single implant- supported reconstructions 
have been widely studied and their performance improved, allowing 
clinicians to perform reliable oral rehabilitation with excellent long- 
term survival rates (Hjalmarsson et al., 2016). Nonetheless, these 
restorations are not free from biological complications (i.e., peri- 
implant mucositis, peri- implantitis) as reported in several system-
atic reviews (Jung et al., 2012) and cross- sectional studies (Rodrigo 
et al., 2018).

Currently, it is well documented that peri- implant mucositis 
and peri- implantitis are initiated by biofilm formation (Berglundh 
et al., 2018), where bacterial micro- organisms play a fundamen-
tal role (Belibasakis & Manoil, 2021). The bacterial colonization 
of a dental implant is an early event that starts immediately after 
implant placement (Van Winkelhoff et al., 2000). Thereafter, 
within the following 2 weeks, specific periodontopathogenic bac-
teria (i.e., Porphyromonas gingivalis, Tannerella forsythia) (Fürst 
et al., 2007) have been detected with no significant differences 
in terms of bacteria characteristics around healthy teeth and im-
plants for the following 2 years (Salvi et al., 2008). Nonetheless, 
the presence of Porphyromonas gingivalis, Tannerella forsythia, and 
Treponema denticola around dental implants is not per se suffi-
cient to enhance the development of a degenerative inflammatory 
response leading to implant loss, under optimal plaque control 
conditions (Socransky & Haffajee, 2005). In addition, it has been 
demonstrated that even though the presence of Porphyromonas 
gingivalis (P.g) was correlated with the peri- implant probing depth 
(Socransky et al., 1998), the architecture of the peri- implant micro-
biota is extremely complex and varies according to the structural 
and topographical differences among dental implants (Lafaurie 
et al., 2017).

Every time an implant is connected to an abutment, an inter-
face between these two components is created (Liu & Wang, 2017). 
This microscopic chamber provides an ideal substrate, where mi-
croorganisms can adhere and proliferate and consequently consti-
tute a bacteria reservoir activating an inflammatory host response 
around the abutment– implant interface (Koutouzis, 2019; Larrucea 
et al., 2014; Liu & Wang, 2017).

Historically, external hexagon connections were commonly 
used (Adell et al., 1981), however, due to technical disadvantages 
like relatively high frequency of screw- loosening, fractures, (Gracis 
et al., 2012) internal conical connections systems have been devel-
oped (Norton, 1997).

Different prosthetic materials have been recently proposed since 
precious alloys have been gradually relegated due to the increas-
ing gold price and with the CAD- CAM technology developments 
(Edelhoff et al., 2019; Limones et al., 2020). Currently Titanium, 
Cobalt- Chrome (Co- Cr), or Zirconia (Zr) are some of the commonly 
used materials options by clinicians and patients due their acces-
sibility, competitive price, and good clinical characteristics (Lemos 
et al., 2019; Molinero- Mourelle et al., 2021). Zirconia abutments 
have been a reliable alternative with clinical advantages regarding 

the soft tissue behavior especially in the anterior region (Fonseca 
et al., 2021; Naveau et al., 2019).

The integrity of implant– abutment interface plays an import-
ant role in long- term success and can be affected by the material 
type, the fabrication technique, and the processing method quality 
(Koutouzis, 2019; Pereira et al., 2017). Considering the sealing capac-
ity and implant- abutment microleakage, most of the studies focused 
on implants or the materials for components, and in this respect, 
precious alloys and titanium abutments have been widely investi-
gated, and although Co- Cr abutments present favorable properties, 
their seal capacity with respect to their fabrication technique has not 
been extensively studied; the number of published studies is limited 
(Jo et al., 2014; Koutouzis, 2019; Molinero- Mourelle et al., 2021).

In the last decade, a dramatic increase in the number of single 
implant reconstructions fabricated using conventional and digital 
workflows has occurred (Mello et al., 2019). However, studies, which 
evaluated the microleakage with zirconia and Co- Cr abutments 
using conventional and digital workflows fabrication techniques 
and inserted on conical connection implants are lacking (Molinero- 
Mourelle et al., 2021).

Therefore, the aim of the present in vitro study was to assess the 
microleakage at the implant– abutment interface when Co- Cr [Co- 
Cr (milled, laser- sintered, and cast) and zirconia (milled)] abutments 
were used on a conical connection- implant. The null hypothesis as-
sessed was that there would be no difference in the microleakage (in 
terms of optical and bacterial assessment) among the Co- Cr (milled, 
cast, laser- sintered) and zirconia abutments.

2  |  MATERIAL AND METHODS

2.1  |  Study design

This comparative in vitro study was performed at the Department 
of Conservative Dentistry and Orofacial Prosthodontics, Faculty of 
Dentistry, Complutense University of Madrid and evaluated 64 one- 
piece implant abutments fabricated using four different techniques 
(n = 16). Since no human sample were used, ethics approval was 
not required from the Ethics Committee Research of Complutense 
University Hospitals for this in vitro study.

A minimum of 12 specimens per group were required with a 
power of 80% based on previous studies (Vélez et al., 2020) as-
suming a standard deviation of 3.5 using a two- group t- test with 
0.05 two- sided significance level was determined using the nQuery 
Avisor Sample size software version 8.5.2 (Statistical Solutions Ltd).

2.2  |  Study set up and specimen fabrication

For specimen fabrication, 64 implant sites (4.1 × 8.5 mm; Ocean, 
Avinent implant system, Santpedor, Barcelona, Spain, Ref. n° 1590) 
were prepared in polymethylmethacrylate resin blocks [1.8 mm 
length and 1.5 width, (Mechanical Workshop, Faculty of Physics, 
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Complutense University of Madrid)] with an elastic modulus of 
3.000 MPa (Cancellous bone approximate module of 1.507 MPa) 
(Morgan et al., 2018). The osteotomies were performed using a par-
allelizing drill press to standardize the implant position/angle and the 
implants were placed following the manufacturer's protocol using a 
surgical handpiece (iChiropro) with Micro- Series CA 20: 1 L (Bien- 
Air Dental SA). The implants were tightened to 35 Ncm up to the 
implant resistance and with the implant system's rachet leaving the 
implant platforms at the resin level.

For the fabrication of each restorative group, an implant ana-
log (4.1 mm) with an extraoral scan body (Core 3D centers; Dental 
Direkt GmbH) was scanned with a laboratory desktop scanner 
(Biomet Zfx, Zimmer ZFX; GmbH) and a standard triangle language 
(STL) file was generated and exported to the CAD software program 
(Exocad GmbH). A screw retained master abutment with a mandibu-
lar first premolar as the customized master abutment and one- piece 
crown configuration were designed and fabricated. Sixty- four iden-
tical abutments were fabricated in two different materials; milled 
3 mol% Yttria- stabilized tetragonal zirconia polycrystalline doped 
with alumina (3Y- TZP- LA) and Cobalt- Chromium (Co- Cr) using dif-
ferent techniques.

The 3Y- TZP- LA (ZrCAD) abutment fabrication, a processing 
center with the implant manufacturer original components digi-
tal library carried out the process following the specifications of 
the International Organization Standard (ISO) 2013356:2015 on 
yttria- stabilized tetragonal zirconia in a 5- axis precision milling 
machine (Roland DWX- 52 DC; Roland DG Deutschland GmbH, 
WillichGermany) (G1).

The Co- Cr abutments’ groups were fabricated following the 
specifications of the ISO standard 583– 12:2019 for Co- Cr using 
the milling, laser- sintered, and casting techniques. The milled group 
(G2) was fabricated by the aforementioned processing center in 
a 5- axis milling machine (DMG Sauer HSC 20 Linear (DMG MORI 
AKTIENGESELLSCHAFT). Laser- sintered implant abutments (G3) 
were fabricated following the same CAD design in a selective laser 
melting machine (SLM 125; SML Solutions Group AG). Finally, the 
cast group (G4), used a previously made framework introduced in 
an addition silicon block in its heavy form (Platinum 85 TOUCH, 
Zhermack SpA, Rome, Italy), to prepare the previous wax patterns 

for lost- wax technique. Once the wax patterns were obtained, the 
abutment shape were melted to a plastic castable abutment (Dental 
Smart Solutions, Terrats Medical S.L. Barberá del Valles, Spain), and 
cast Co- Cr abutments were fabricated using induction heated cen-
trifugal casting in an ambient atmosphere. Material compositions 
and manufacturer information are displayed in Table 1.

2.3  |  Aging process

The abutments were tightened to implants with 35 Ncm torque 
using implant system's brand- new wrench (Avinent implant system) 
and subjected to cyclic loading in a chewing simulation machine 
(Instron®, Euroortodoncia S.A. Zwick/Roell testXpert ll Software). 
The loads were applied with a 2- mm Teflon cylinder to the occlusal 
surface of the abutments for 300,000 cycles under 200 N loads 
at 2 Hz and a 30° parallel angle following the ISO 14801:2016. 
Dentistry- Implants– Dynamic Loading Test for Endosseous Dental 
Implants recommendations. After cyclic loading, the specimens 
were thermocycled (10,000 cycles, 5 to 50°C, dwelling time 55 s) in a 
thermo- cycling machine (Complutense University of Madrid, Spain) 
in artificial saliva.

Before the microleakage assessment, the specimens were visu-
ally inspected for failure before the fit analysis with ×2.5 magnifi-
cation loupes (ExamVision ApS) and tactile motion test was applied 
with dental pliers. The specimens were cleaned using a polishing set 
for metal and ceramic (Komet Dental; Gebr. Brasseler GmbH & Co. 
KG) and were stored in an airtight chamber before the evaluation.

2.4  |  Microleakage evaluation

For the microleakage assessment, a medium based on 20 ml BHI 
(Brain Heart Infusion), Porphyromonas gingivalis (P.g) and 5 ml of 
methylene blue, at a concentration of 0.2% were prepared as staining 
agent. The ATCC 33277 (ATCC = American Type Culture Collection) 
was used in cryovials at a stable temperature of −80°C. Two tests 
were performed on blood agar with 5% Hemin- Menadione before 
including a preinoculum in 10 ml BHI (BHI2) for 24 hours 37°C in 

TA B L E  1  Study material groups ZrCAD, Cr- CrMill, co- CrLS, co- CrCL

Group Material composition Material manufacturer Prosthetic manufacturer

ZrCAD (G1) 3 mol% yttria stabilized tetragonal zirconia 
polycrystal (3Y- TZP- A)

Dental Direkt GmbH. Spenge, Germany CORE 3D PROTECH, S.L.U. Santpedor. 
Spain

Co- CrMill (G2) 63% Co, 29% Cr, 6% Mo, <1% Nb, Si, Mn, 
Fe

Dental Direkt GmbH. Spenge, Germany CORE 3D PROTECH, S.L.U. Santpedor. 
Spain

Co- CrLS (G3) 59% Co, 25% Cr, 9,5% W, 3,5% M, 1% Si S & S Scheftner GmbH –  dental alloys. 
Mainz, Germany

Prótesis S.A. Madrid. Spain

Co- CrCL(G4) 61% Co, 24% Cr, 8% W, 2,5% Mo, 1% Nb, 
1% Mn, 1% Si, 1% Fe

Dentalforschung Schleicher GmbH. 
Riedenburg Germany

Riosa Laboratory Pozuelo de Alarcón. 
Spain.

Abbreviations: 3Y- TZP- A, Yttria- stabilized tetragonal zirconia polycrystalline doped with alumina; Co- CrCL, cobalt- chromium frameworks with cast 
abutments; Co- CrMill, cobalt- chromium framework milled; Co- CrLS, cobalt- chromium framework laser- sintered fabricated; ZrCAD, CAD- CAM- 
fabricated zirconia frameworks.
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anaerobiosis and finally the Optical Density is measured and ad-
justed to 1 × 106 CFU/ml.

Once the medium was prepared, all specimens were subjected to 
the staining agent at 37°C for 48 h in anaerobiosis condition. After 
the immersion in the agent, the specimens were unscrewed and the 
microleakage was assessed.

2.4.1  |  Marginal microleakage evaluation

The marginal microleakage was determined using an optical micro-
scope [Optical microscope: stereomicroscope m- 80 (Leica) (40× 
Magnification) charge- coupled device camera (Hitachi cctv hv- 720e; 
Hitachi Ltd)] analyzed, and image analysis software Leica applica-
tion suite (Leica) to determine the penetration of the agent in the 
implant– abutment interface. The assigned assessment levels are 
represented by the scale presented in Figure 1. The microscope 
was operated by one of the researchers (PMM) who was previously 
trained and calibrated taking three digital pictures in order to avoid 
examination bias.

The marginal microleakage was defined as the presence of 
methylene blue in any surface of the stated implant levels. After 
the optical assessment, the pictures taken were evaluated by two 
independent calibrated examiners (MGP, JRH) in order to avoid 
the interobserver bias. To be considered as positive microleakage, 
the specimens subjected to the staining process were compared 
with a brand- new implant that was considered as a negative con-
trol. Once the marginal microleakage was directly determined, the 
microbiological assessment of the bacterial microleakage at inte-
rior of the implant was performed using a DNA isolation with a 
polymerase chain reaction (PCR) test for the positive microleakage 
specimens.

2.4.2  |  Bacterial microleakage evaluation

Before the bacterial microleakage DNA isolation, the exterior area 
of all the specimens were sequentially rinsed in sodium hypochlorite 
with a concentration of 5% three times, in order to eliminate the not 
adherents' bacteria. To ensure that the implant connection surface 
was not washed, the process was carried out using a microbrush ap-
plicator (Microbrush International) carefully on the surface of the 
block.

DNA were isolated from all specimens using a commercial kit 
(MolYsis Complete5; Molzym GmbH & CoKG), following the man-
ufacturer's instructions. The 5' nuclease assay PCR method with 
hydrolysis probes was used to detect and quantify bacterial DNA. 
Primers and probes were obtained from Life Technologies Invitrogen, 
Applied Biosystems and Roche (Roche Diagnostic GmbH) (Sánchez 
et al., 2014). The PCR detection limit was 100 colony forming units 
(CFUs) per specimen. For the quantitative analysis the values below 
100 CFUs could not be quantified, therefore, these specimens were 
given a value of 0.

2.5  |  Statistical analysis

Data analysis was performed using a statistical software program 
(SPSS V27.0; IBM Corp). For the group comparisons, the Co- Cr milled 
group was considered as the control. The marginal optical microle-
akage level was described by percentages and compared per group 
using Fisher– Freeman– Halton Exact Test. The microbiological micro-
leakage assessment was based on colony forming units (CFUs); the 
differences among groups were compared using Mann– Whitney's U 
test. All multiple comparisons were corrected by Bonferroni's criteria. 
p values smaller than .05 were considered statistically significant.

3  |  RESULTS

During the chewing simulation and thermocycling process, no speci-
men presented failures or complications and the interobserver mi-
croleakage optical assessment was concordant; both examiners 
agreed on all the assessments for all pictures and measured levels 
of all the specimens.

3.1  |  Marginal microleakage

The descriptive analysis showed marginal microleakage in all as-
sessed groups in at least one of the optical evaluated levels (Figure 2). 
From these findings, the CAD- CAM groups obtained better results 
being the ZrCAD the best group, showed microleakage in one speci-
men at the first level, followed by Co- CrMill group (n = 1) presenting 
methylene blue at the first and second measured levels.

F I G U R E  1  Schematic representation of the microleakage levels
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The Co- CrCL group had optical microleakage in 14 specimens at 
the four proposed levels with nine specimens reaching the second 
level, five the third and one the fourth level.

Finally Co- CrLS abutments had the highest marginal micro-
leakage, showed the presence of the staining liquid in 14 speci-
mens, reaching all of them the first level, 13 the second, 11 the 
third and finally nine specimens the fourth level of the implants 
(Table 2).

Within the marginal microleakage global comparison, the Chi- 
squared test showed significant differences between the ZrCAD 
group and the Co- CrLS and Co- CrCL groups (p < .001). The mean 
microleakage values between Co- CrMill and Co- CrLS, and the com-
parison between Co- CrMill and Co- CrCL were significantly different 
in favor of the milled group (p < .001).

Comparing the marginal microleakage at the measured levels, 
there were significant differences among all groups (p < .001). At the 
individual level assessment among the groups, the results showed 
significant differences between ZrCAD compared to Co- CrLS and 
Co- CrCL and between the Co- CrMill in comparison with Co- CrLS 
and Co- CrCL at the first and second level.

At the third level comparison, the analysis showed significant 
differences between the ZrCAD and Co- CrLS and the Co- CrCL and 
when these two groups were together compared. Finally, regard-
ing the fourth level comparison, there were significant differences 
among the Co- CrLS and the rest of the groups.

3.2  |  Bacterial microleakage

From the 64 implant- supported reconstructions, 30 of those pre-
sented a certain degree of marginal microleakage and therefore 
underwent a PCR analysis. More specifically, seven of these 30 spec-
imens (1 Co- CrLS and 6 Co- CrCL) presented values below the PCR 
detection limit (<100 CFUs) and consequently were not included in 

F I G U R E  2  Optical Microscopical image of the liquid penetration 
(a) and control (b) at the first level of assessment

TA B L E  2  Descriptive and comparative analysis of the marginal microleakage levels according abutment material and fabrication 
technique

Microleakage results (levels)

Abutment material and fabrication technique

ZrCAD (n = 16)
Co- CrMill 
(n = 16)

Co- CrLS 
(n = 16)

Co- CrCL 
(n = 16) p- Value

Total 
(n = 64)

Microleakage (n specimens) a
1 (6.3%)

a
1 (6.3%)

b
14 (87.5%)

b
14 (87.5%)

<.001 30 (46.9%)

No Microleakage 0 0 0 0 – 0

Microleakage in the 1st wall 
(1st half of the taper)

a
1 (6.3%)

a
1 (6.25%)

b
14 (87.5%)

b
14 (87.5%)

<.001 30 (46.87%)

Microleakage in the 2nd wall 
(2nd half of the taper)

a
0

a
1 (6.25%)

b
13 (81.3%)

b
9 (56.3%)

<.001 23 (35.93%)

Microleakage in the 3rd
wall (Internal hexagon)

a
0

a
0

b
11 (68.8%)

c
5 (31.3%)

<.001 16 (25%)

Microleakage reaches the 
implant joining screw

a
0

a
0

b
9 (56.3%)

a
1 (6.25%)

<.001 10 (15.62%)

Note: a, b, c. Each subscript letter denotes a subset of groups whose column proportions do not differ significantly from each other at the .05 level, 
with Bonferroni's correction.
Abbreviations: 3Y- TZP- A, Yttria- stabilized tetragonal zirconia polycrystalline doped with alumina; Co- CrCL, cobalt- chromium frameworks with cast 
abutments; Co- CrMill: cobalt- chromium framework milled; Co- CrLS, cobalt- chromium framework laser- sintered fabricated; ZrCAD, CAD- CAM- 
fabricated zirconia frameworks.
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the qualitative analysis. The presented data were gathered from the 
remaining 23 specimens.

Within the 23 quantitatively measurable specimens, the lowest 
CFUs count occurred in the Co- CrMill group (5.17E+02 CFUs/ml), 
followed by ZrCAD (7.70E+03 CFUs/ml). The Co- CrCL (9.39E+03 
CFUs/ml) and Co- CrLS (2.4E+05 CFUs/ml) groups had the higher 
bacterial count. The CFU count comparison was performed be-
tween Co- CrCL and Co- CrLS groups since the Co- CrMill and ZrCAD 
presented microleakage in only one specimen per group. Mann– 
Whitney's U test showed significant differences in the bacterial 
count between the Co- CrCL and Co- CrLS groups (p < .05) (Table 3).

4  |  DISCUSSION

The results of this study have shown how material type and fabrica-
tion technique had a significant impact on implant- abutment micro-
leakage after artificial chewing simulation. When the materials and 
techniques used were considered, ZrCAD and Co- CrMill showed the 
most favorable microleakage results compared to the Co- CrLS and 
Co- CrCL. In detail, statistically significant differences between the 
Co- CrCL and Co- CrLS groups were found in the PCR assessment. 
The null hypothesis was rejected since significant differences in mi-
croleakage values were detected among groups.

Despite the lack of consensus on a reliable technique to in-
vestigate the implant- abutment marginal microleakage, a review 
by Koutouzis, concluded that in vitro studies which evaluated the 
implant– abutment connection bacterial penetration showed that 
the connection design have an influence on the bacterial penetra-
tion, and although it included in vitro studies with bacterial medium 
and evaluated by PCR, the material of the abutments was not ex-
haustively mentioned (Koutouzis, 2019). On the in vitro microle-
akage assessment, a systematic review by Misrha et al. (Mishra 
et al., 2017) of 30 studies, reported that, despite the high method-
ological variability, most of the studies used bacterial cultures, only 
two reported staining agents, and finally one used water and resin 

acrylic, concluding that microbiological cultures might present a 
valid method (Mishra et al., 2017).

With respect to different abutment materials, Şen et al. (2019) 
evaluating the sealing capacity of two materials (i.e., titanium and 
zirconia) in conical and external connection implants by evaluating 
bacterial turbidity of PG, reported the best results in conical con-
nection in zirconia and titanium abutments. Although this study did 
not use the same methodology and without Co- Cr abutments, the 
microleakage results were like those described in this study.

The use of methylene blue as a staining agent for microleakage 
evaluation has been previously described (Larrucea et al., 2014; Martin- 
Gili et al., 2015; Ortega- Martínez et al., 2020). Larrucea et al, investi-
gated with a very similar methodology (i.e., methylene blue and optical 
microscopy in the implant connection), the microleakage at different 
levels in external hex and conical connection implants. Although this 
study did not include different abutments materials and PCR analysis, 
the results from conical implants can be compared with those obtained 
in our study with the Co- Cr milled and zirconia. Nevertheless, our re-
sults seem more favorable to those presented by Larrucea Verdugo 
and co- workers who detected a microleakage visible only up to the 
second wall in the Co- Cr milled group (Larrucea et al., 2014).

Similar results have been reported by Martin- Gili et al. (2015) who 
investigated the microleakage with methylene blue in conical, exter-
nal, and internal connection implants without material comparison, 
(Martin- Gili et al., 2015) and showed a significant greater microleakage 
in the external connection implants compared to the conical connec-
tion in terms of bacterial concentration measured by the spectropho-
tometer and although the methodology used differs from that used 
in this study, there was microleakage for conical connection implants.

Ortega- Martinez et al. (2020) evaluated two abutment mate-
rials (i.e., titanium and PEEK) under static and dynamic conditions 
using methylene blue. An optical analysis of the staining medium 
reported the most favorable results in the titanium abutments, 
which only showed microleakage in two of 24 abutments. In con-
trast, when focusing on the microleakage level, the PEEK abut-
ments and those with loading obtained more unfavorable results 

TA B L E  3  Descriptive and comparative analysis for PCR values

Manufacturing material and 
technique ZrCAD (n = 1) Co- CrMill (n = 1) Co- CrLS (n = 14) Co- CrCL (n = 14) Total (n = 30)

PG Total quantification 7.70E+03
CFUs/ml

5.17E+02 CFUs/ml 2.23E+05 CFUs/
ml

9.39E+03 CFUs/ml 2.4E+05 CFUs/ml

U- Mann test

Manufacturing 
material and technique Mean Median IQR Minimum Maximum

CoCrLS
(n = 14)

16440.1
CFUs/ml

18900.0 CFUs/ml 28744.0 CFUs/ml 0.0 42000.0 CFUs/ml

CoCrCL
(n = 14)

670.5
CFUs/ml

785,0
CFUs/ml

1235.0
CFUs/ml

0.0 2470.0
CFUs/ml

Abbreviations: Co- CrCL, cobalt- chromium frameworks with cast abutments; Co- CrLS, cobalt- chromium framework laser- sintered fabricated; Co- 
CrMill, cobalt- chromium framework milled; IQR, Interquartile range; PG, Porphyromonas Gingivalis; Sig, Significance <.001 Mann– Whitney's U test; 
ZrCAD, CAD- CAM- fabricated zirconia frameworks.
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(Ortega- Martínez et al., 2020). Although a direct comparison may 
not be possible, the use of titanium abutments can be compared 
with those of Co- Cr milled abutments and therefore, microleak-
age was similar in this study since only one specimen presented 
staining liquid in the first upper level, in the second and in the third 
level, however in accordance with Ortega- Martínez et al, no meth-
ylene blue was observed in the last level. Considering this study 
results, the use of conical connection implants and machined 
abutments seem to be the most favorable combination to avoid 
possible bacterial microleakage.

With respect to the relationship between the implant abutment 
connection and its potential link with peri- implant conditions, a sys-
tematic review on human studies with at least 1 year of functional 
load revealed a higher bacterial count at sites with peri- implantitis 
compared to healthy sites. This review included a total of 14 articles 
and 1126 implants, including conical connection and PCR evaluation 
among others, concluding that bacteria could easily colonize within the 
implant– abutment interface, and therefore the interior of the implant 
and prosthetic component should always be considered contaminated, 
even under clinically healthy conditions (Tallarico et al., 2017). When 
clinical implications are considered, the use of conical connection im-
plants and original and machined prosthetic components may present 
a better implant- abutment fit, potentially minimizing related technical 
and biological complications. In addition to provide an optimal fit, zir-
conia abutments do present some advantages (Şen et al., 2019).

This study has certain limitations: first due the in vitro design, 
the obtained results might not be directly compared with a clinical 
scenario. Nevertheless, the marginal microleakage assessment can 
be performed by unscrewing the reconstruction allowing the visual 
analysis and the direct the sample collection. Secondly, in this study, 
only two materials (Co- Cr and Zr) have been analyzed due the eco-
nomical and feasibility reasons; nevertheless, it has to be mentioned 
that inclusion of additional materials (i.e., Titanium and Precious al-
loys) could have provided additional relevant results.

Within the limitations, it can be concluded that the use of zirco-
nia and milled Co- Cr abutments may lead to more favorable long- 
term results because these groups presented lower microleakage.
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