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Objectives Sterilization eliminates microbial viability by decreasing the biological
load, but likewise have the ability to deteriorate the mechanical properties of an
implant material. This study intended to evaluate the effect of repeated moist heat
sterilization on implant-abutment interface using two different implant systems.
Materials and Methods Forty screw-retained titanium implant-abutment combina-
tions (fixture 3.5 x10mm, abutment 2 mm diameter), twenty each from Genesis
(Aktiv Implant Systems, United States) and Bredent (SKY, Germany), were divided into
four different groups (n=10) and placed in a computer-aided diagnostic model. The
abutments from each group were exposed to first and second autoclave cycle
(121°C for 30 minutes), connected back to the fixture and analyzed under scanning
electron microscope for marginal gap and surface roughness.

Results Genesis group showed higher marginal gaps on both sides (buccal/mesial
[2.8 +0.47]; lingual/distal [2.8 & 0.33]), while Bredent implant-abutment system (IAS)
did not show any changes in marginal gaps after autoclaving. Differences within and
between the group were found to be statistically significant. Surface roughness for
Genesis (243.7 +70.30) and Bredent groups (528.9 +213.19) was highest at second
autoclave, with Bredent implant-abutment showing higher values for surface rough-
ness than Genesis IAS.

Conclusion Marginal vertical gap increased with autoclaving for Genesis IAS, while
Bredent implant abutments were more stable. Surface roughness increases with
autoclaving for both Genesis and Bredent group of IAS.
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Introduction

Biological advance of osseointegration with the titanium sur-
face with the consequent introduction of Osseo integrated
implants has been considered as one of the most significant
revolutions in the field of dentistry in recent times."»? In 1965,
Branemark after inserting a titanium implant, observed bone
adherence with titanium as “osseointegration,” which later
evolved as a separate and totally new field in the world of
dentistry> Among the vast array of treatments offered in
dentistry, implant therapy stands out for its promising results
in multiple prosthodontic applications like single tooth re-
placement,* implant supported fixed and removable partial
dentures, fully bone anchored complete denture prosthesis,
and implant overdentures.” Its advantages also have influenced
other treatment modalities in planning their treatments, an
example being the implant placed within the bone while other
treatments are carried on.® This is based on the fact that
osseointegration develops over a period of 4 to 6 months
depending upon the location and type of available bone.

Titanium alloy as implant material occupies the superior
most position that is related mainly to its osseous biocom-
patibility. The most frequently used dental implant system is
marketed as two-piece implant systems: implant body and
abutment. Abutment being the connecting component be-
tween submerged implant fixture within the bone and
primarily assists in retaining and supporting the overlying
dental prosthesis.” With a variety of options in the materials
available for implant abutment, titanium abutments are the
most used abutments due to its high survival rate.® The
connection between implant abutment forms a critical in-
terface between the implant body and the abutment that can
determine the clinical outcome of any implant system irre-
spective of the material used. This interface has been consid-
ered an important landmark for microbial colonization. It
presents as a microgap with both vertical and horizontal
discrepancies present between the overlying abutment and
the underlying implant surface.

Despite high success rates of osseointegrated implant (90—
10 years),° mechanical problems can occur in the implant-
abutment system (IAS), leading to failure. These can lead to
microbial proliferation that causes inflammation around the
implant soft tissues leading to peri-implantitis.’® Hence, a
high precision fits between the implant body and the abut-
ment is paramount for implant body-abutment connection
stability. Friction between the two similar surface compo-
nents can lead to the removal of the surface protection layer
and alter the surface properties of the metal. Recent studies
have reported a high quantity of titanium elements in
biofilms derived from the submucosa around the implant-
abutment interface (IAI) that had resulted in peri-implanti-
tis."’ Such titanium by-products have been attributed to
material degradation by a method categorized as tribocor-
rosion.8 Alternately, tribocorrosion can also be due to other
causes that involve implant fixture and abutment use.

Abutment sterilization after laboratory or clinical use is
common practice in implant dentistry. Sterilization proce-
dures eliminate viable microorganisms thus reducing the
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biological load after sterilization.'? Repeated sterilizations,
however, can lead to deterioration of mechanical properties
required for the accurate clinical fit of the abutment and thus
may need to be corrected through indirect procedures
whether in laboratory or outside oral cavity. Repeated
adjustments also have been found to alter the torquing levels
of implant-abutment assembly.'? Genesis and Bredent IAS
boast of having superior biomechanical properties like form
fit, passive fit, making precise impressions and made from
high-quality materials with extensive literature supporting
the claims. This study was therefore intended to evaluate the
effect of repeated moist heat sterilization on IAI using two
different implant systems, that is, Genesis and Bredent IAS.
We hypothesize that multiple autoclaving might alter surface
properties that in turn alter biocompatibility of the abut-
ment. Alternately, the null hypothesis would state that there
will be no surface changes in the implant abutment.

Materials and Methods

Sample Selection and Grouping

Two different IAS were used, that is, Genesis (Aktiv, Inc,
United States) and Bredent (SKY, Senden, Germany) implant
abutments. Forty screw-retained titanium implant abut-
ments were included out of which 20 abutments belonged
to the Genesis group and twenty belonged to the Bredent
group. Sample size was calculated using G'Power 3.1.4.2.
Four different groups (Gp 1—presterilized genesis; Gp 2—
presterilized Bredent; Gp 3—first cycle autoclaved genesis
[3a] and Bredent [3b]; Gp 4—second cycle autoclaved genesis
[4a] and Bredent [4b]) were divided, each comprising of 10
abutments each (n=10). These abutments were screwed to
their respective implant fixtures. Four implant fixtures were
included in this study of the same dimension, that is, 3.5
x10mm, for each of the four groups. A straight universal
abutment for respective groups was standardized in terms of
diameter and platform type (2mm diameter and regular
platform). Both groups received their recommended respec-
tive implant abutments while following each manufacturers
guidelines for placement and removal.

Sample Preparation (Experimental Procedures)

Preparation of Computer-Aided Diagnostic Model

A three-dimensional (3D) model replicating the mandibular
arch in the premolar and molar area was created by a
computer-aided diagnostic (CAD) software Pixologic Zbrush
2.0 (Pixologic, California, United States) using cone-beam
computed tomography generated data report of the edentu-
lous mandibular arch. This model was designed virtually and
curated to form a standard mandibular arch form. It was
further sectioned virtually in the area of the first molar to
form model blocks of approximately 1 x1cm to receive an
individual implant. The CAD model was designed and man-
ufactured according to this model’s specifications. Four such
blocks were designed in total to receive four implants from
four different groups. These sections of the mandibular arch
form were then retrieved and fabricated using 3D printing.
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Virtual Designing and Printing of a Standard Reference
Model of the Sectional Arch Form of the Edentulous
Mandible

Stereolithography or “SLA” is an additive manufacturing
process that, in its most common form, works by focusing
an ultraviolet laser onto photopolymer resin. The CAD design
obtained above was then derived in stereolithography for-
mat (stl) and transferred to 3D printer form 2 Basic (Form
Laboratories, USA) to print a standard study model using SLA
technology with 100% infill density. 3D models of the sec-
tional mandibular arch were printed. A total of four such
blocks were fabricated using 3D printing, two for each group.

Sequential Implant Drilling and Marking the Model

The implant sites were marked after locating the resin
model's exact center using perpendiculars drawn from
buccal/lingual and mesial/distal sides. For each implant
system (Gp 1 and Gp 2), their respective implant drilling
kits were used. A pilot drill (2.3/2.0 mm, Short, PD2.3S) was
initially used up to 8 mm of height, followed by sequential
larger surgical drills (2.8/2.3mm, Short SD 2.8S) and finally a
surgical drill (3.4/2.8mm, Short, SD 3.4S) to achieve a total of
10 mm of osteotomy height within each model in each group.
For Gp 2 (Bredent SKY), implants were placed in the resin
model using sequential drilling [Pilot drill (SKYDPO08) fol-
lowed by a surgical drill (SKYD3435)]. Both implants were
placed manually using respective implant drivers (Gp 1—
[2.4 mm, Short, IDS]; Gp 2—[SKY-STK6]). Implants for both
the systems were placed in the model with torque ratchet
with a final torque achieved as 35N.

After the implants were screwed on their respective mod-
els, four areas were defined on the mounted implant model:
buccal, mesial, palatal, and distal by marking boundaries along
the model using four dots/notch onto the model surface for
easy scanning. These notches were made using a fine diamond
round bur and turbine under a stereomicroscope. All these four
dots were color-coded using permanent color markers: buccal
—red, mesial—green, lingual—blue, distal—yellow to better
recognize the side and ease of scanning.

Intervention (Steam Autoclave)

A single steam autoclave (Tuttnauer Model T-Max-10; SN-
14060015) was used to sterilize the samples of all groups. A
total of 10 samples each of Genesis (Aktiv) Straight Universal
abutments of 2 mm dimension and Bredent (SKY) Straight
Universal abutments of 2 mm dimension formed the third and
fourth study groups. These abutments were prepared for the
first cycle of an autoclave by wrapping and packing using Oro
Sterilization Reels—100mm heat sealing flat reel. The auto-
clave temperature ranged between 105 and 138 degrees at
various times of sterilization (initial heating, sterilization,
drying), while a standard temperature of 121°C for at least
30 minutes by using saturated steam under at least 15 psi of
pressure was maintained to ensure uniform sterilization pro-
tocol. After the first autoclave cycle, abutments from the third
and fourth group were screwed on their respective implant
systems and analyzed under a scanning electron microscope
(SEM). The second autoclave cycle was performed on the same
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groups of implants from third group and fourth group and then
again analyzed for any changes under a SEM.

Measures, Data Collection, Evaluation, and Analysis

The respective abutment in each group was screwed onto the
dental implant with respective torque ratchets (Torque
35Ncm; Genesis Aktiv, Bredent SKY) following the manu-
facturers’ guidelines. With Gp 1 and Gp 2 forming the control
groups for Gp 3 (a, b) and Gp 4 (a, b) respectively, each
specimen was scanned using a SEM (Vega3 TESCAN). The
vertical gap and surface changes on the abutment were then
analyzed. Each specimen was gold-sputtered (K650 sputter
coater, Quorum Technologies), and SEM was used to image
the implant-abutment gap at the marginal interface.'* Im-
plant-abutment connection was held in parallel to the SEM
machine’s detector to ensure the appropriate positioning of
the sample and appropriate vertical gap analysis and alter-
nate two aspects (buccal and mesial) and (lingual and distal)
were scanned. For each specimen facet, the marginal fit was
imaged by obtaining a scan in a perpendicular direction
using 1000x magnification at a set angle. For each scan,
three vertical marginal gap measurements using software
(Quartz PCI Image analyzer, version 5.5, Quartz Imaging
Corporation) were taken. From these three measurements,
amean value for each side was calculated. Thus, for every two
sides of each specimen, two measurements were recorded.
For surface analysis software, Vega3 TESCAN surface detec-
tion software checked the surface roughness. For specimens
in Gp 3 (a, b) and Gp 4(a, b), after each autoclaving cycle
(cycle 1 and 2) the specimens were scanned using SEM with
similar procedure as that of their respective control groups.

Digital Examination of Scanned Images

Once all the samples were scanned, they were collected and
assembled in Joint Photographic Experts Group format. All
the images were evaluated for any error. Once all the images
were verified to be correct, they were further divided into
appropriate respective sections that belonged to their re-
spective groups. All four groups were measured separately
for the perpendicular marginal difference and surface rough-
ness. Vertical marginal measurements were made using a
numeric measuring tool in the software Scale 2.3, Quartz PCI
(Version 5.5, Quartz Imaging Corporation, Vancouver, BC,
Canada). Vertical measurement was done at three different
predetermined sites and the average value of these three
measurements was considered the average vertical marginal
gap (=Fig. 1). Surface roughness measurements were made
with inbuilt Vega3 TESCAN, Surface detection software
(basic operation parameters: magnification [50000 x |,
beam energy [5-30 keV], scan speed [3 ps/pixel], beam
current [1 pA-40 nA]). The surface of the respective abut-
ment was analyzed digitally using the built-in software,
which works on pixel capture (~Fig. 2).

Statistical Analysis

The data was entered and analyzed using Statistical Package
for Social Sciences (SPSS 24.0; SPSS Inc., Chicago, Illinois,
United States) for Windows 11 (Pro, Microsoft corporation).
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Fig. 1 Vertical marginal gap measurement using Scale 2.3, Quartz
PCl, version 5.5, Quartz Imaging Corporation.

Fig. 2 Abutment surface roughness detection using inbuilt Vega3
TESCAN Surface detection.

Mean values with standard deviation were calculated for
each group. Distribution of data for normality was deter-
mined by Kolmogorov-Smirnov test. Differences within the
group from baseline to intervention were determined using
one-way analysis of variance test with Bonferroni’s post hoc
correction. Differences between the respective groups at
various time intervals were calculated using an unpaired
“t” test. The differences between the groups were considered
to be significant statistically if the probability of p-value was
less than or equal to 0.05.

Morsy et al.

Results

The results obtained for marginal gaps on buccal and mesial
sides are presented in =Table 1. The results show that before
sterilization (control Gp), the lowest mean marginal gap
between the two IAS was in Bredent implant system
(1.3+£0.39) as compared with genesis implant system
(1.4 +£0.21); however, the differences were not significant.
After first autoclaving, the mean marginal gap increase was
higher for genesis implant system (1.9+0.34) with the
difference in the change at first autoclave being significantly
different (p = 0.02). At second autoclave, the mean marginal
gap of the genesis implant system continued to increase
(2.8 £0.47), almost becoming double from the control val-
ues, while the marginal gap in the Bredent implant system
remaining almost same (1.2 + 0.20). The differences between
the two groups at second autoclaving were also found to be
highly significant (p < 0.001). Within each implant system,
the results show that the changes in mean marginal gap
values for control to second autoclaving were higher for
genesis implant systems with differences being statistically
significant (p = 0.03), while the Bredent implant system did
not show any changes in mean marginal gaps after second
autoclave cycle. =Table 2 presents the mean marginal gaps
on the lingual and distal sides of both IAS at various intervals.
The results show that there were more differences in mean
marginal gap in the genesis implant system from the control
(1.4+0.19) to second autoclave (2.8 +0.33) as compared
with the Bredent implant system. Differences between the
two implant system at first and second autoclaving were
highly significantly different (p < 0.0001). Within the group,
there was no change observed in Bredent implant system
(p=0.4), while there were significant differences in the
genesis implant system (p=0.02). The surface roughness
values observed before autoclaving (control) were found to
be more in Bredent implant system (157.6 +-48.13) as com-
pared with genesis implant system (79.0440.99) that in-
creased in both systems at first autoclaving (genesis
—141.8+38.17; Bredent - 342.4+97.46) and second
autoclaving cycle (genesis —243.7+70.30; Bredent -
528.9 +213.19; =Table 3). The differences in mean surface
roughness values were found to be statistically highly signif-
icant for both implant systems except the differences be-
tween the two before sterilization (control groups). Bredent
IAS reported to have higher surface roughness values as
compared with genesis implant system at all-time intervals
(=Fig. 3).

Discussion

This study was conducted to evaluate whether repeated
adjustments of abutment that lead to repeated sterilization
bring about changes in implant-abutment connection in
terms of the vertical marginal gap and surface roughness,
both of which could be a potential cause of bacterial coloni-
zation in etiology of peri-implantitis. The implant systems
chosen for the study were the most commonly commercially
available systems. The main findings of the study were that

European Journal of Dentistry ~ Vol. 18 No. 3/2024 © 2024. The Author(s).
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Table 1 Comparison of marginal gaps on buccal and mesial sides in both groups
Marginal gaps on buccal and mesial Genesis Bredent t-Value p-Value

M +SD M +SD

Control (n=10) 1.4+0.21 1.3+0.39 0.37 0.7
First autoclave 1.9+0.34 1.4+0.26 3.5 0.02°
Second autoclave 2.8+0.47 1.2+0.20 9.8 0.0001°
F-Value 8.4 0.90
p-Value 0.03° 1.0

W Abbreviations: Gp, group; M, mean; n, number; SD, standard deviation.

Levels of significance: NS (not significant) =p > 0.05.

Significant=p < 0.05.

Table 2 Comparison of marginal gaps on lingual and distal sides in both groups
Marginal gaps on lingual and distal Genesis Bredent t-Value p-Value

M +SD M +SD

Control 1.4+0.19 1.4+0.40 0.30 0.7
First autoclave 2.0+0.39 1.3+0.22 4.72 0.0001°
Second autoclave 2.8+0.33 1.2+0.14 13.79 0.0001°
F-Value 6.7 1.27
p-Value 0.02° 0.4

Abbreviations: Gp, group; M, mean; n, number; SD, standard deviation.

Levels of significance: NS (not significant) =p > 0.05.

Significant=p < 0.05.

Table 3 Comparison of surface roughness in both groups
Surface roughness Genesis Bredent t-Value p-Value

M +SD M +SD

Control 79.0+£40.99 157.6 £48.13 -3.90 0.121
First autoclave 141.8 +£38.17 342.44+97.46 —6.06 0.0001°
Second autoclave 243.7+70.30 528.9+213.19 —4.01 0.001°
F-Value 28.69 18.94
p-Value 0.0001° 0.002°

Abbreviations: Gp, group; M, mean; n, number; SD, standard deviation.
Levels of significance: NS (not significant)=p > 0.05.
Significant=p < 0.05.

autoclaving did have a significant effect on marginal gaps (all
surfaces) in the Genesis implant system, while having little
or no effect on Bredent implant system. The surface rough-
ness increased for both implant systems with Bredent show-
ing more alteration in surface than genesis IAS.

Long-term clinical success of the implant supported
restorations depends on multiple factors, with the surface
properties of the dental implant being one of utmost signifi-
cance. Although surgical factors play significant role in early

European Journal of Dentistry ~ Vol. 18 No. 3/2024 © 2024. The Author(s).

osseointegration, factors related to prosthesis have a major
role in the survival of implants.”® Despite technical and
scientific developments in dental implant systems, the IAI
still continues to be a major challenge.'® The marginal gap
present at the IAI ideally should not exist as it can have a
negative influence on both prosthesis and the surrounding
soft tissues by encouraging bacterial growth. The presence of
bacteria can contaminate the internal portion of osseointe-
grated implants that may result in contamination of the
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M Bredent 157.6 342.4 528.9
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Fig. 3 Comparison of mean values of surface roughness in both groups.

implant fixture or pillar.'” Contamination may also occur by
the transmission of microorganisms from the oral medium
after the prosthetic pillar placement through the gap present
at IAL The results of our study showed that marginal gaps did
exist in both implant systems. These findings are in agree-
ment with the study done by Broggini et al who compared
two-piece abutments with one-piece abutment and found
more accumulation of inflammatory peri-implant cells with
two-piece implants.'® Authors'®=2" in their respective stud-
ies affirmed the need of accurate assembling implant com-
ponents that impart precise prosthesis fit that is necessary
for implant survival on the long run through bone preserva-
tion around the implant.

The results also show that the first autoclaving of the
abutment increased the marginal gap in Genesis IAS that was
significant from baseline, while Bredent IAS had an increase
in marginal gap but it was not considered to be significant.
At second autoclaving, the marginal gap in the genesis group
was 2.8 +£0.47, which was twice than baseline. Sterilization
does affect the mechanical properties of the implant surface,
especially the one made of titanium. Sutton and Saunders??
asserted that sterilization in the autoclave is responsible for
alterations in the mechanical properties leading to plastic
deformation in steel materials when submitted to high levels
of stress. They also stated that, due to the lower rate of
dissolution of the titanium oxide, this metal shows a passive
state and is, therefore, less prone to corrosion. In contrary to
stainless steel, both corrosion and temperature contribute to
the precipitation of carbonates in its microstructure leading
to the structural weakness that does not happen with
titanium due to the passive state of titanium oxide.?> Com-
mercially available pure titanium shows mechanical charac-
teristics such as ductility inferior to alloys. Regarding
temperature, this metal shows a hexagonal structure, while
at room temperature—the so-called a-phase.® The first
structural modification occurs at 882°C when the metal
shows a cubic structure of a centered body called B-phase.
In this last phase, the titanium is hard and fragile, whereas in

the a-phase it is ductile and resistant. The mechanical
alteration in titanium occurs at high temperatures, around
882°C, that are higher when compared with those in the
sterilization process. Despite time and temperature, there is
another factor to take into consideration during sterilization
that is the humidity and coefficient of thermal expansion at
different temperatures of autoclaving. This later can contam-
inate the layer of titanium oxide with ions F, Fe, Mg, Si, CI, N,
H, and 0.2 Autoclaving process altered the microgap in one
of the implant systems (Genesis) used in the current study
that may be a result of heat deformation, which can be
studied further. It must be also noted that the clinical
technique used while placing the implant abutment on the
fixture also plays a significant role in the amount of the
marginal gap present at this interface,”> which have
prompted different new clinical techniques in the scientific
literature.

The practice of reusing implant components has been
evaluated previously with respect to the ability to provide a
sterile component that provides an economical advantage to
the patient or the clinician.?® Although many clinicians
suggest this practice is performed for the patients’ benefit,
it is not known how often a reduced fee is given. It is also not
known how many implant surgeons recycle used healing
abutments from one patient to the next, but unless these
materials can be adequately cleaned and sterilized, this
practice should be reevaluated in light of the findings from
this study for the following reasons: First, soft tissue inte-
gration is influenced by the material’s characteristics. In vitro
studies on animals and humans have confirmed the role of
biocompatible oxide layer of titanium or its alloy to possess
appropriate chemical composition that enhances both epi-
thelial cells and connective tissue fibroblasts to adhere,
spread, and proliferate.>%1223 Second, surface-free energy
is seen to be high with a clean surface and conversely, and
low where a contaminated surface exists. The higher the
surface free energy the better the wettability of the surface
with respect to cell attachment and spreading. Surface

European Journal of Dentistry ~ Vol. 18 No. 3/2024 © 2024. The Author(s).
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texture can also have a profound effect. It has been demon-
strated that epithelium and human gingival fibroblasts at-
tach and spread more readily on polished surfaces and that
cells are sensitive to features as small as 0.2pm.

To have good interaction of the tissue and osseointegra-
tion, materials’ biocompatibility and roughness of the sur-
face play an important role. Based on a widely accepted
categorization, implantable materials are classified into
three distinct categories: biotolerant, bioinert, and bioac-
tive. Biotolerant materials exhibit a healing mechanism
known as “distant osteogenesis,” wherein the ions produced
by the material when implanted into the host organism
disrupt cellular metabolism and stimulate the formation of
fibrous connective tissue. Bioinert materials do not dis-
charge ions or hazardous compounds that may potentially
impact cell metabolism or induce undesirable tissue reac-
tions. Consequently, a phenomenon known as “contact
osteogenesis” takes place, wherein connective tissue is
not interposed. Bioactive compounds elicit a positive re-
sponse by promoting bone deposition, thereby establishing
chemical connections with tissue components such as
hydroxyapatite, or by boosting cellular activity.?’~2° Goyal
and Kaur observed increase in roughness resulted in the
surge implant surface area, which indirectly resulted in
better cellular attachment, and thus augment osseointegra-
tion.3 Different sterilization methods have different modes
of action. Autoclaving is a gold standard physical method of
sterilization, which exposes the living organisms to unsus-
tainable conditions of temperature, pressure, and time
(121°C, 18 PSI, 20 minutes). However, dependent on the
material density, volume, and size, the effectiveness of the
autoclave may vary.3! Chemical methods such as oxygen
plasma are alternatives to conventional autoclaving,?? in
which ionized gas bombards the substratum surface and
promotes the formation of free radicals under vacuum.33
Active polar groups interrupt surface layers by stripping the
surface layer, the thickness of which together with new
properties are modified by characteristics of the gas used
(type, purity, pressure, and position).>*

Surface roughness in this study was higher in both Genesis
and Bredent group following the second autoclave cycle at
243.7 and 528.9 and the lowest in the control group with 79.0
and 157.6, which were significant at p-value less than 0.001.
This is in agreement with the results obtained in a study by
Park at al>' who reported surface properties to be modified by
both cleaning and sterilization on pretreated titanium (sand-
blasted and acid etched) and concluded that both hydropho-
bicity and roughness were not the same as that of the unused
titanium surface. He further reiterated that such procedures
also affected osteogenic differently (MG63 osteoblast) espe-
cially after autoclaving. Keller et al*® also observed modifica-
tion from 3 to 25 nmin the titanium oxide layer while in steam
sterilization. They also stated that the modification in the
surface color of these implants was due to this increase in
thickness. Young>® in earlier study had demonstrated that
alteration in the thickness of the oxide layer from 259 to 700 A
had produced modification in the color of the surface of the
metal. Increased surface roughness in the present study indi-
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cated changes on the surface resulting due to repeated sterili-
zation of implant abutment. Vezeau et al*” mentioned that
multiple sterilizations of pure titanium implants can interfere
in the bioacceptability of the material as well as cause alter-
ation in the implant surface. Rough surfaces can accrue sub-
gingival plaque (25 times) than their smooth counterpart,
which is the basis of using smooth surfaces in long zygomatic
implants. “Smooth” surfaces with roughness values smaller
than the “critical threshold” of Sa= 0.2 um (arithmetical mean
height) are often preferred for abutments.® In a clinical
setting, the implant-tooth connection for retention may be
related to the abutment’s bending capabilities; biomechanical
factors must be considered. The objective of these approaches
is to enhance the adaptability of bone in locations predomi-
nantly consisting of trabecular bone, such as the posterior
maxilla. Currently, two primary approaches are being evaluat-
ed. Addition of biological mediators to the implant surface
(such as cell adhesion or bioactive peptides, growth factors) or
construction of reproducible nanoscale surface features are
the two approaches. Surface engineering methods are also
being developed to comprehend more about the character-
istics, behavior, and reactions of various materials, which will
allow for the future creation of novel materials, modification of
existing procedures, and design of bioimplants.”'40

Strength, Limitations, and Bias

This study is one of the first studies which highlight that
repeated sterilization after repeated adjustments can alter
the surface characteristic of implant abutment and cause an
increase in marginal gap. This study is limited by being an in
vitro study and does not take into consideration the intraoral
influences upon the implant abutment like presence of saliva
and electrolytes. This study also did not include the effect of
bacterial colonization before and after autoclaving that can
be done in future studies. This study also investigated only
two autoclaving cycles, while clinically there are more than
two cycles of autoclaving that implant abutments are put
through. This manuscript has been checked with the Fi-index
tool and obtained a score of O for the first author only on the
date 10/05/2023, according to SCOPUS.*"*2 The fi-index tool
aims to ensure the quality of the reference list and limit any
auto citations.

Conclusion

With repeated use and modification required of implant
abutments, sterilization treatment has certain effect on the
margins and the surface properties of implant abutments. In
our study, we found that marginal gap increased with
autoclaving for both Genesis & Bredent group of implant
abutment systems, although Bredent implant abutments
showed consistent results. Surface roughness increased
with autoclaving for both Genesis & Bredent group of im-
plant abutment systems.

Data Availability Statement
Data are available on request to the corresponding author.



Influence of Autoclave on Implant-Abutment Marginal Gap and Surface Roughness

Authors’ Contribution

M.S.M.M. and A.A-H.A.A. were involved in conceptualiza-
tion, methodology, and writing of original manuscript; H.
A.A. contributed to methodology and writing of original
manuscript; K.A.M. and A.M. helped in methodology and
supervision; L.F. was involved in supervision and project
administration.

Conflict of Interest
None declared.

References

1

N

w

N

v

D

~

o

=]

10

1

-

12

1

N

Att W, Ogawa T. Biological aging of implant surfaces and their
restoration with ultraviolet light treatment: a novel understand-
ing of osseointegration. Int ] Oral Maxillofac Implants 2012;27
(04):753-761

Greenfield EJ. Implantation of artificial crown and bridge
abutments. 1913. Compend Contin Educ Dent 2008;29(04):
232-237

Newman MG, Takei H, Carranza FA, Klokkevold PR. Newman and
Carranza’s Clinical Periodontology. Saunders; 2018

Mattoo K, Garg R, Bansal V. Designing the occlusion for a single
tooth implant in a compromised occlusion. ] Med Sci Clin Res
2014;2:2996-3000

Mattoo K, Minocha T, Rathi N. An 2/2 implant overdenture. ] Clin
Res 2020;3:1-3

Rathi N, Jain KA, Mattoo K. Placing an implant fixture during
ongoing orthodontic treatment. SSRG-IJMS. 2019;6(11):19-21
The Glossary of Prosthodontic Terms: Ninth Edition. ] Prosthet
Dent 2017;117(5S):e1-e105

Mombelli A, Hashim D, Cionca N. What is the impact of titanium
particles and biocorrosion on implant survival and complica-
tions? A critical review. Clin Oral Implants Res 2018;29
(Suppl 18):37-53

Spiekermann H, Jansen VK, Richter EJ. A 10-year follow-up study
of IMZ and TPS implants in the edentulous mandible using bar-
retained overdentures. Int ] Oral Maxillofac Implants 1995;10
(02):231-243

Guo T, Gulati K, Arora H, Han P, Fournier B, Ivanovski S. Race to
invade: Understanding soft tissue integration at the transmucosal
region of titanium dental implants. Dent Mater 2021;37(05):
816-831

Safioti LM, Kotsakis GA, Pozhitkov AE, Chung WO, Daubert DM.
Increased levels of dissolved titanium are associated with peri-
implantitis - a cross-sectional study. ] Periodontol 2017;88(05):
436-442

Stein JM, Conrads G, Abdelbary MMH, et al. Antimicrobial effi-
ciency and cytocompatibility of different decontamination meth-
ods on titanium and zirconium surfaces. Clin Oral Implants Res
2023;34(01):20-32

Yilmaz B, Gilbert AB, Seidt JD, McGlumphy EA, Clelland NL. Dis-
placement of implant abutments following initial and repeated
torqueing. Int J Oral Maxillofac Implants 2015;30(05):1011-1018
Duraisamy R, Krishnan CS, Ramasubramanian H, Sampathkumar
J, Mariappan S, Navarasampatti Sivaprakasam A. Compatibility of
nonoriginal abutments with implants: evaluation of microgap at
the implant-abutment interface, with original and nonoriginal
abutments. Implant Dent 2019;28(03):289-295

Ciccitt M, Risitano G, Maiorana C, Franceschini G. Parametric
analysis of the strength in the “Toronto” osseous-prosthesis
system. Minerva Stomatol 2009;58(1-2):9-23

16

20

2

=

22

23

24

25

26

27

29

30

3

i

32

33

34

35

Morsy et al.

GaoJ, Min], Chen X, et al. Effects of two fretting damage modes on
the dental implant-abutment interface and the generation of
metal wear debris: an in vitro study. Fatigue Fract Eng Mater
Struct 2021;44(03):847-858

Fama F, Cicciu M, Sindoni A, et al. Maxillofacial and concomitant
serious injuries: an eight-year single center experience. Chin ]
Traumatol 2017;20(01):4-8

Broggini N, McManus LM, Hermann JS, et al. Persistent acute
inflammation at the implant-abutment interface.] Dent Res 2003;
82(03):232-237

Rangert B, Jemt T, Jorneus L. Forces and moments on Branemark
implants. Int ] Oral Maxillofac Implants 1989;4(03):241-247
McCartney J. Intraoral connection of individual abutment attach-
ments for an osseointegrated implant-supported prosthesis. ]
Prosthet Dent 1991;66(06):799-803

May KB, Edge M], Russell MM, Razzoog ME, Lang BR. The precision
of fit at the implant prosthodontic interface. ] Prosthet Dent 1997;
77(05):497-502

Sutton ], Saunders WP. Effect of various irrigant and autoclaving
regimes on the fracture resistance of rubber dam clamps. Int
Endod J 1996;29(05):335-343

Eliaz N. Corrosion of metallic biomaterials: a review. Materials
(Basel) 2019;12(03):407

Meto A, Conserva E, Liccardi F, Colombari B, Consolo U, Blasi E.
Differential efficacy of two dental implant decontamination
techniques in reducing microbial biofilm and re-growth onto
titanium disks in vitro. Appl Sci (Basel) 2019;9(15):3191

Mattoo KA. A simple technique to align attachment components
in implant supported mandibular overdenture. Int ] Res Med Sci
Technol 2014;1(01):6-8

Tallarico M, Caneva M, Baldini N, et al. Patient-centered rehabilita-
tion of single, partial, and complete edentulism with cemented- or
screw-retained fixed dental prosthesis: The First Osstem Advanced
Dental Implant Research and Education Center Consensus Confer-
ence 2017. Eur ] Dent 2018;12(04):617-626

Cervino G, Meto A, Fiorillo L, et al. Surface treatment of the dental
implant with hyaluronic acid: an overview of recent data. Int ]
Environ Res Public Health 2021;18(09):4670

Jain S, Mattoo K, Khalid I, et al. A study of 42 partially edentulous
patients with single-crown restorations and implants to compare
bone loss between crestal and subcrestal endosseous implant
placement. Med Sci Monit 2023;29:e939225

Fiorillo L, Meto A, Ciccitt M Bioengineering applied to oral
implantology, a new protocol: “Digital Guided Surgery”. Prosthe-
sis 2023;5(01):234-250

Goyal N, Kaur R. Effect of various implant surface treatments on
osseointegration-a literature review. Ind J Dent Sci 2012;4(01):
Park JH, Olivares-Navarrete R, Baier RE, et al. Effect of cleaning and
sterilization on titanium implant surface properties and cellular
response. Acta Biomater 2012;8(05):1966-1975

Porwal A, Al Moaleem MM, Adawi HA, et al. Bibliographic analysis
and evaluation of the mesh keywords in the journal of prostho-
dontics: implant, esthetic, and reconstructive dentistry. Technol
Health Care 2023

Roth S, Feichtinger ], Hertel C. Characterization of Bacillus
subtilis spore inactivation in low-pressure, low-temperature
gas plasma sterilization processes. ] Appl Microbiol 2010;108
(02):521-531

Assiri AYK, Saafi ], Al-Moaleem MM, Mehta V. Ferrule effect and its
importance in restorative dentistry: a literature review. ] Popul
Ther Clin Pharmacol 2022;29(04):e69-e82

Keller JC, Draughn RA, Wightman JP, Dougherty WJ, Meletiou SD.
Characterization of sterilized CP titanium implant surfaces. Int J
Oral Maxillofac Implants 1990;5(04):360-367

European Journal of Dentistry ~ Vol. 18 No. 3/2024 © 2024. The Author(s).

867



868

Influence of Autoclave on Implant-Abutment Marginal Gap and Surface Roughness

36

37

38

Young FA. Future directions in dental implant materials research. ]
Dent Educ 1988;52(12):770-774

Vezeau PJ, Koorbusch GF, Draughn RA, Keller ]C. Effects of multiple
sterilization on surface characteristics and in vitro biologic
responses to titanium. J Oral Maxillofac Surg 1996;54(06):
738-746

Hall J, Neilands ], Davies JR, Ekestubbe A, Friberg B. A
randomized, controlled, clinical study on a new titanium
oxide abutment surface for improved healing and soft
tissue health. Clin Implant Dent Relat Res 2019;21
(Suppl 1):55-68

European Journal of Dentistry ~ Vol. 18 No. 3/2024 © 2024. The Author(s).

Morsy et al.

39 JodaT. Combined tooth-implant-supported telescopic prostheses

40

41

42

in a midterm follow-up of > 2 years. Int ] Prosthodont 2013;26
(06):536-540

Mahajan B, Sethi S, Swarnakar A, Hazarika P, Pandey S, Kumar P.
Impact of novel dental implant surface modifications on osseo-
integration and early healing. ] Popul Ther Clin Pharmacol 2023;
30(16):786-792

Fiorillo L. Fi-Index: a new method to evaluate authors Hirsch-
Index reliability. Publ Res Q 2022:38(03):465-474

Fiorillo L, Ciccitt M The use of Fi-Index tool to assess per-manu-
script self-citations. Publ Res Q 2022;38(04):684-692



