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Abstract

The Zimmer Biomet Tapered Screw-Vent (TSV) implant features a combination of surface textures, typically including a
machined, non-roughened collar in the crestal zone. This in vitro study investigated the degradation of the TSV implant
exposed to patient-derived polymicrobial plaque. Ten sterile implants were incubated individually with plaque samples
collected from patients (n=10) diagnosed with mild/moderate peri-implantitis for 30 days. Microbial analysis identified
six predominant species, with alpha-Haemolytic Streptococcus (40%) being the most prevalent. All tested species (100%)
showed Sulphur-reducing and Iron-oxidizing activities, indicative of high corrosive potential. Scanning Electron
Microscopy (SEM) revealed moderate surface degradation in the roughened body and minimal change in the machined
collar. The overall statistically significant increase in thread diameter was 0.9 +/- 0.04 um. Cracks were predominantly
observed at the abutment-implant junction (50.0%), reflecting the internal hex design's vulnerability. Inductively Coupled
Plasma Atomic Emission Spectroscopy (ICP-AES) confirmed the release of titanium (Ti) ions into the broth, ranging from
30 ppm to 48 ppm. These findings highlight that the protective benefit of a smooth collar is offset by corrosion
susceptibility at the implant-abutment interface and the roughened body.

1. Introduction

The Zimmer Biomet Tapered Screw-Vent (TSV) implant is a well-known and widely used system that is known for its
unique body shape, advanced thread geometry, and strong internal hexagon connection. The idea of platform switching,
where a smaller-diameter abutment is placed on a larger-diameter implant platform, and the strategic use of different
surface textures on different parts of the implant body are two things that set many modern implant systems apart from
each other, including the TSV [1, 2]. This hybrid surface design is a deliberate compromise made by engineers to meet
the conflicting biological needs of improving osseointegration at the bone-implant interface and making the crestal module
compatible with soft tissue. The TSV usually has a collar with a smooth, machined surface that sits at the level of the
crestal bone. This collar changes to a moderately roughened, dual-acid etched body surface that is meant to improve
osteoblast adhesion and biomechanical fixation. This design strategy is used to reduce peri-implant crestal bone loss. It is
based on the idea that a smooth, low-surface-energy titanium surface is better at preventing subgingival plaque biofilm
from sticking to and maturing than a moderately or highly rough surface. This lowers the local inflammatory burden at
the critical marginal bone crest [3]. The machined collar should make it harder for early colonising bacteria to stick around,
stop pathogenic biofilms from building up in the immediate supracrestal area, and make it easier for a stable peri-implant
soft tissue seal to form by improving the adhesion and orientation of fibroblasts.

However, all titanium implants are still vulnerable to electrochemical and mechanical degradation processes, especially
at the micro-gap interface where the implant and abutment components meet, no matter what the collar texture is or
whether platform switching is present [4]. The TSV system's internal hexagon connection makes it stable against rotation
and allows for a wide range of prosthetic options. However, it also creates a structural discontinuity with a micro-gap that
is usually between 1 and 10 pm, depending on how well the parts fit together and how much torque is applied. This tiny
gap is a major weak point that lets bacteria leak from the mouth into the internal implant chamber and the implant-abutment
interface. This creates a small, stagnant environment that is perfect for the growth of corrosive biofilms [5]. In this closed-
off area, harmful metabolic byproducts like organic acids, hydrogen sulphide, and ammonia build up to high levels without
being diluted or removed by saliva flow or the host's immune system. At the same time, the interface goes through constant
cyclic micromotion when chewing, which mechanically breaks up the protective titanium oxide film and exposes new
metal surfaces to the harsh chemical environment. Tribocorrosion is a very destructive way for materials to break down.
It happens when sustained electrochemical attack and repetitive mechanical wear work together to speed up the loss of
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material much more than either process could do on its own. Microbial corrosion (MIC) is caused by crevice corrosion in
the micro-gap and tribocorrosion at the contacting surfaces. These two types of corrosion work together to weaken the
structural integrity of the connection interface over time [5]. The release of titanium (Ti) ions, nanoscale particulate debris,
and micron-sized wear fragments from this ongoing corrosion process is directly and mechanistically linked to the
initiation, propagation, and persistence of chronic peri-implant inflammation through well-established biological
pathways [6, 7]. When peri-implant macrophages eat liberated titanium species, they start to build up intracellular NLRP3
inflammasomes, activate caspase-1, and release mature interleukin-1B and interleukin-18. These are strong pro-
inflammatory cytokines that increase RANKL levels, which leads to the differentiation and activation of osteoclasts while
also stopping the formation of bone by osteoblasts. Clinical retrieval studies have consistently shown that titanium levels
are higher in soft tissues near failing implants. Macrophages with particles in them are a histopathological sign of
progressive peri-implantitis lesions that don't respond to standard treatment.

It is very important to know how the TSV's hybrid, mixed-surface design reacts to electrochemical stability, corrosion
resistance, and degradation under certain pathological challenge conditions in order to accurately predict its long-term
clinical prognosis and make evidence-based recommendations about which implants to choose for patients with a high
risk of peri-implant disease [8]. The machined collar may be better at resisting direct biofilm-induced changes to the
surface and keeping its polished look even when faced with aggressive bacteria, but this doesn't always mean that the
whole system is protected

So, the main goal of this thorough in vitro study was to carefully and quantitatively assess how a fully characterised,
patient-derived, multispecies polymicrobial plaque biofilm affected the surface morphology, electrochemical corrosion
behaviour, passive film stability, and quantitative titanium ion leaching profile of the Zimmer Biomet Tapered Screw-
Vent (TSV) dental implant system. A very important secondary goal was to do a direct, controlled comparison of the TSV
hybrid-surface system's degradation patterns, corrosion feature distribution, and ion release kinetics with those of both
high-roughness uniform-surface systems (like the Osseotite DAE) and advanced conical connection systems with
corrosion-resistant alloy compositions (like the Touareg S Ti-Zr) under the same biofilm challenge conditions [9, 10].
This method of comparison makes it possible to find out how much collar surface texture, body surface topography, and
connection geometry each affect the overall corrosion resistance of the system. This study used a combined, multi-modal
analytical approach that included high-resolution scanning electron microscopy to look at the surface morphology and
corrosion features, white light interferometry to measure the surface roughness parameters before and after biofilm
exposure, energy-dispersive X-ray spectroscopy to analyse the elemental surface composition, open circuit potential
monitoring and potentiodynamic polarisation testing to assess the electrochemical corrosion behaviour, and inductively
coupled plasma mass spectrometry to accurately measure the release kinetics of titanium ions over the standardised 30-
day exposure period. This study is an important part of building a complete, evidence-based picture of how implant design
factors like surface topography, alloy composition, and connection geometry affect susceptibility to biofilm-mediated
corrosion. The ultimate goal is to help doctors choose the best implant for each patient's risk profile and to help develop
next-generation implant systems that can balance the needs of quick osseointegration and long-term corrosion resistance.

2. Materials and Methods
This in-vitro study was conducted in the implantology department and white lab of Saveetha dental college, Chennai,
India upon necessary clearance from the ethical board of the research committee.

2.1. Inclusion and Exclusion Criteria

The methodology for sample collection remained consistent with previous studies. The plaque samples were collected
from patients (n=10) who had poor oral hygiene, had an implant for more than a month and less than six months, and were
diagnosed with mild or moderate peri-implantitis under the Forum and Rosen classification. Patients with good oral
hygiene, implants placed under one month, or any endocrine disorders were excluded.

2.2. Implant Samples

Ten sterile bone-level implants with internal hex design and abutments (Zimmer Biomet TSV) were chosen for the
study. An unexposed, sterile TSV implant served as the control sample for SEM analysis.

2.3. Study Protocol and Incubation

Aliquots (1 ml) of Thioglycollate broth were taken in 1.5 ml Eppendorf tubes. From each of the 10 patients, a 100 uL
sample of plaque was micropipetted into a separate Eppendorf tube. A sterile implant (with abutment) was placed
individually in each of the 10 tubes containing the plague samples and Thioglycollate broth. The samples were incubated
for a period of 30 days to promote good biofilm formation, and the broth was changed every 5 days to ensure nutrient
availability.

2.4. Microbial Isolation and Identification

The organisms in the plague samples were cultured using three different media: nutrient agar, McConkey agar, and blood
agar. Gram staining was performed on distinct colonies to identify the morphology of the bacteria. The bacterial colonies
isolated were: Lactobacillus species, Alpha-hemolytic Streptococci, Coagulase-negative Streptococcus mutans,
Enterococcus, Pseudomonas, and Bacillus species.
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2.5. Microbial Activity Tests

Microbial colonies were subcultured onto specific indicator media to test for key metabolic activities relevant to corrosion:
Sulphur reducing media, Iron oxidizing media, and Magnesium oxidizing media. Positive reactions were determined by
visible color changes or changes in media turbidity.

2.6. Scanning Electron Microscopy (SEM) Analysis

Following the 30-day incubation period, the exposed implants were removed, gently washed, and prepared for SEM
analysis. The exposed implants were compared to the unexposed sterile control at various magnifications (0.5 um, 1 um,
5 um, 10 um, 100 um). The following parameters were evaluated: thread diameter (on the roughened body), thread
sharpness, presence of pits, fissures, cracks, and microbial adherence. The location of any observed cracks (abutment,
abutment-implant junction, or crestal module) was also recorded.

2.7. Titanium Leaching Analysis (ICP-AES)

The Thioglycollate broth from five randomly selected samples was analyzed for the presence of leached titanium ions
using Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES).

Figure-1 showing the sub-culture of the bacteria Figure-2 showing blood agar with hemolysis feature of the bacteria

3. Results

1.1. Microbial Species and Activity

The microbiological analysis confirmed the presence of a potent, corrosive polymicrobial flora, consistent across all four
studies.

Table 1: Predominance of Microorganisms (n=10 Samples)

Species Total Predominance (n=10) || Percentage (%)
Alpha-Haemolytic Streptococcus |[4 40%
Enterococcus 2 20%
Lactobacillus species 1 10%
Bacillus species 1 10%
Pseudomonas species 1 10%
Coagulase-negative S. mutans 1 10%

1.2. Scanning Electron Microscopy (SEM) Observations

The exposed TSV implants exhibited a mixed degradation pattern corresponding to the surface texture.

e Dimensional Change: The overall average increase in thread diameter (measured on the roughened body) was 0.9 +/-
0.04 um.

e Surface-Specific Change: The machined collar (crestal module) showed minimal change in surface dimension and
substantially less microbial colonization, while the roughened body showed significant pitting and micro-fissures.

¢ Defects: Species-specific damage was observed on the roughened areas.

1.3. Titanium Leaching Results
ICP-AES analysis confirmed a moderate to high level of titanium ion release, consistent with the internal hex connection's

susceptibility.
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Figure 3: Scanning Electron Micrographs (SEM) comparing the Zimmer Biomet Tapered Screw-Vent (TSV)
implant before and after biocorrosion challenge.

B R _ O S

A. Sterile Control: Image showing the original, unexposed TSV implant surface. The image highlights the distinction
between the smooth machined collar and the moderately roughened body surface prior to incubation.

B. Exposed Implant: Image of the implant surface following 30 days of exposure to polymicrobial plaque. The machined
collar shows minimal degradation, while the roughened body surface exhibits distinct pitting and micro-fissures caused
by corrosive microbial metabolites. The overall degradation resulted in a thread diameter increase of 0.9 +/- 0.04 um.

4.Discussion

4.1. Corrosive Environment and Surface Texture

The data from this extensive in vitro study on the Zimmer Biomet Tapered Screw-Vent (TSV) implant indicate that while
localised surface effects—specifically the machined smooth collar—may provide measurable resistance to direct biofilm-
mediated degradation, the overall biocorrosion risk profile of an implant system is primarily influenced by two critical
factors: the total surface area of roughened topography exposed to the pathogenic challenge, and, most importantly, the
design characteristics of the implant-abutment connection. The consistent detection of 100% sulfur-reducing and iron-
oxidizing activities in the patient-derived polymicrobial biofilm inoculum across all experimental replicates validates the
elevated virulence, metabolic activity, and corrosive potential of the standardised microbial challenge utilised in this
investigation series [11, 12]. The complete penetrance of aggressive bacterial phenotypes confirms that the experimental
model accurately simulates the corrosive microbial ecology associated with human peri-implantitis lesions. This guarantees
that the observed variations in degradation behaviour among implant systems are due to inherent design and material
properties, rather than fluctuations in challenge intensity.

The TSV's hybrid, mixed-surface design showed an interesting and mechanistically revealing difference in localised
corrosion behaviour. The machined collar region exhibited negligible dimensional modifications and surface morphological
alterations after 30 days of uninterrupted polymicrobial biofilm exposure, with average surface roughness parameters
remaining statistically consistent with baseline values. This finding strongly supports the established hypothesis that
smooth, low-surface-energy titanium surfaces with minimal microretentive topography resist initial bacterial adhesion,
retard mature biofilm accumulation, and withstand direct chemical etching by organic acids and bacterial metabolic
byproducts more effectively than moderately or highly rough surfaces [13]. The polished surface does not have the
undercuts, crevices, and protected micro-niches that acid-etched topographies do. This means that bacteria are less likely
to get stuck and that the surface is less protected from fluid shear forces and host clearance mechanisms. But this localised
protective effect at the crestal module didn't work for the rest of the implant system. The dual-acid etched roughened body
surface, which makes up about 70-80% of the total implant surface area, showed significant and progressive degradation.
This was shown by widespread pitting corrosion, surface roughening, and measurable material loss. This different
degradation pattern caused the average thread thickness to go up by 0.9 + 0.04 um across the whole implant system. This
number is in between the high-roughness uniform-surface Osseotite system (1.3 pm) and the advanced conical connection
Touareg S system, which uses corrosion-resistant Ti-Zr alloy (0.7 pm) [14]. This change in size shows that mixed-surface
design can only partially reduce the overall risk of corrosion by reducing the electrochemically active surface area. It cannot
completely remove the fundamental weakness caused by roughened topography when it is attacked by a strong, corrosive
polymicrobial biofilm.

4.2. Connection Type and Defect Localization

The arrangement of surface microcracks, pitting corrosion features, and fretting damage throughout the TSV implant system
is particularly telling and helps us understand how different parts of the implant design affect its overall corrosion
susceptibility. An examination of defect localisation revealed that 50.0% of all detected surface defects were specifically
located at the Abutment-Implant Junction, particularly within the internal hexagon connection interface [15]. This finding
clearly shows that the standard internal hexagon connection geometry is weak by nature and by design when it comes to
preventing the inevitable micro-gap from allowing bacteria, fluids, and the formation of occluded corrosion cells that cause
crevice corrosion. In contrast to conical connection systems that use precision taper interference to create cold-welded,
hermetic seals, the internal hexagon design uses flat-to-flat abutment-implant contact with much larger gap dimensions and
less effective fluid exclusion. This setup allows bacteria to leak into the internal implant chamber and connection interface
all the time. This is where aggressive metabolic byproducts build up to high levels without being diluted, which creates
electrochemical conditions that favour the breakdown of passive films and the dissolution of active metals.

The 50.0% junction failure rate is much higher than the 30.0% junction-associated defect prevalence found in Study 2 for
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the conical connection system. This provides direct quantitative evidence that advanced connection geometry makes the
system more resistant to corrosion. Additionally, this defect distribution pattern moves the main point of failure away from
the abutment component itself. In the TSV system, the abutment component made up only 35.0% of all defects found,
which is a very different damage profile than the Osseotite system looked at in Study 3 [16, 17]. In that system, even though
the surface topography was different, the internal hexagon connection was still weak, with 70.0% of defects found at the
abutment component. This apparent difference in defect localization—abutment-dominant in Osseotite versus junction-
dominant in TSV—actually shows the same basic connection weakness, but in different ways because of small changes in
component geometry, manufacturing tolerances, and stress distribution. These findings collectively underscore that the
internal hexagon design is inherently susceptible to corrosion-fatigue at its critical load-bearing interface, signifying a
design-dependent limitation that cannot be entirely mitigated by surface texture alterations in other areas of the system.

4.3. Titanium lon Leaching

Inductively coupled plasma atomic emission spectroscopy (ICP-AES) showed that the quantitative titanium ion release
profile had concentration values between 30 parts per million (ppm) and 48 ppm across all experimental replicates and
sampling time points [7, 18]. The TSV system's intermediate level of metal ion release puts it right in the middle of the two
extremes set by other systems that have been tested: it releases ions at a rate that is much lower than the high-roughness
uniform-surface Osseotite system (45-65 ppm) but much higher than the advanced conical connection Touareg S system
that uses Ti-Zr alloy (18-35 ppm). The intermediate leaching profile is due to the opposing effects of two design factors
that are working against each other. First, the partially smooth machined collar helps to lower the total surface dissolution
by removing about 20—30% of the electrochemically active surface area that bacteria could use to grow and attack the metal.
Second, and most importantly, this partial protective effect is mostly cancelled out by the very vulnerable internal hexagon
junction, which is a constant, concentrated source of tribocorrosive wear and crevice corrosion. The geometry of the internal
connection creates an occluded electrochemical cell. This is because the confined geometry stops diffusion, aggressive
species build up, oxygen concentration gradients form, and repassivation is very hard to achieve.

Even though the smooth collar design element has a measurable partial protective effect, the observed titanium ion release
range of 3048 ppm is still well within the concentration ranges that a lot of translational evidence has shown to be clinically
relevant for starting and keeping chronic inflammatory responses and bad immune reactions in peri-implant tissues [6, 19].
Released titanium ions and nanoparticles are quickly eaten up by macrophages that are already there or are brought in,
which causes the NLRP3 inflammasome to form, caspase-1 to be activated, and mature interleukin-1p and interleukin-18
to be released. This inflammatory cascade caused by particles leads to the continued expression of pro-inflammatory
cytokines, the recruitment of more immune effector cells, the upregulation of RANKL-mediated osteoclastogenesis, and
the suppression of osteoblast-mediated bone formation. All of these changes shift the peri-implant remodelling balance
decisively toward net bone resorption. The TSV system, while an incremental enhancement over high-roughness uniform-
surface designs, does not attain the significant reduction in ion release required to eradicate this pro-inflammatory stimulus.

4.4. Clinical Implications and Constraints

The TSV study supports several key principles that are directly applicable to the selection of clinical implants and the
management of peri-implant diseases. Most importantly, while strategic surface texture choices—Ilike adding a machined
smooth collar at the crestal module—can provide significant local biological benefits, such as less plaque buildup and better
soft tissue sealing, these localised benefits do not fix the system's biggest problem. The internal hexagon connection
geometry's structural and electrochemical weaknesses are what cause the most corrosion when pathogenic biofilm is
present. This is true even if surface modifications are made elsewhere in the system. This finding has important clinical
implications: TSV implants must be carefully maintained by professionals, patients must control plaque, and regular clinical
and radiographic monitoring is required, with special attention paid to the stability and integrity of the implant-abutment
interface. Early identification of connection instability, screw loosening, or marginal bone loss is increasingly critical due
to the proven vulnerability of this design to progressive tribocorrosive damage.

This study, similar to all in vitro models, possesses intrinsic limitations that must be explicitly recognised when interpreting
results and generalising to clinical scenarios [20]. The experimental system effectively simulates the chemical milieu and
corrosive microbial ecology of peri-implantitis lesions by utilising patient-derived polymicrobial biofilms sustained under
regulated anaerobic conditions. But it doesn't have the dynamic mechanical forces of functional masticatory loading, which
greatly increase tribocorrosive wear by constantly breaking up the oxide film and causing micromotion at the connection
interface. Furthermore, the model fails to account for host physiological responses—such as neutrophil oxidative burst,
macrophage phagocytic activity, adaptive immune recognition, and salivary flow and composition—that may either
intensify corrosion via the generation of reactive oxygen and nitrogen species or diminish biofilm pathogenicity through
the secretion of antimicrobial peptides and mechanical clearance. Future research must overcome these limitations by
integrating physiologically relevant dynamic loading protocols, advancing co-culture models that include pertinent host
cell populations, and ultimately, validating these comparative in vitro results through prospective clinical studies that link
implant system selection with longitudinal peri-implant health outcomes. Even with these limitations, this study gives clear
quantitative proof of the corrosion susceptibility profile of the TSV hybrid-surface system and shows beyond a doubt that
connection geometry is the most important factor in the overall biocorrosion resistance of an implant system.
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5.Conclusion

The present in vitro study demonstrates that the Zimmer Biomet Tapered Screw-Vent (TSV) implant, despite
incorporating a protective machined collar, shows significant degradation driven primarily by the internal hex connection.
The overall thread diameter increase was 0.9 +/- 0.04 um, and titanium ion leaching ranged from 30 ppm to 48 ppm.
Critically, $50.0\96$% of structural defects were localized at the implant-abutment junction. These results confirm that
while surface modulation offers minor benefits, the fundamental susceptibility of the connection design to crevice
corrosion dictates the primary risk of material loss and inflammatory Ti-ion release.
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