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1. Abstract 
 
 While titanium (Ti) dental implants have proven to be an effective and preferred 

synthetic tool to replace unhealthy or dead teeth, one affliction has increased in prevalence along 

with dental implants themselves: peri-implantitis, the inflammation around dental implants due 

to bacterial infection. Being that Ti implants are transmucosal, developing a strong permucosal 

seal with maximized longevity is critical to the effectiveness as a replacement to a patient’s oral 

health (Zitzmann). The most common way that a dental implant fails is via the compromising of 

the permucosal seal which will ultimately be infiltrated by various bacterium. The most 

commonly used methods to treat peri-implantitis today utilize chemotherapeutic agents (ChA) to 

remove bacteria from the implant itself and hoping that the patient will not develop peri-

implantitis again. Even though ChA’s successfully remove most of the disease-causing 

bacterium, they have been shown to decrease the osseointegration and permucosal seal 

development post operation (Kotsakis).  Here we are working on developing a protocol which 

we believe will be a more effective way to remove disease causing bacterium while 

simultaneously activating the surface for application of agents that have been shown to promote 

osseointegration and permucosal seal formation. Our protocol utilizes argon plasma as the 

cleaning and surface activating mechanism. The macro goal of this project is to show that argon 

plasma enhances the adhesion of agents to the surface, removes bacterium, and ultimately that 

the surface after cleaning and alteration will promote osseointegration and permucosal seal 

formation. In this paper, we focus on showing that plasma treatment enhances adhesion and 

provide an update as to the results obtained thus far and how we have used such data to alter the 

protocol as needed to ensure the most effective method is being used as we move forward from 

the early stages of the overall project.      



2. Background 

 Peri-implantitis is the inflammation of soft tissue around a dental implant caused by 

bacteria entering a defective permucosal seal by soft tissues around the metal of the implant 

surface. Specifically, Streptococcus gordonii and phylum Firmicutes have been determined to be 

the most prevalent bacterium in peri-implantitis infections (Chen). Peri-implantitis is a prevalent 

disease when considering the longevity of a given dental implant, 14% of implants are subject to 

peri-implantitis within the first five years following the surgical procedure (Norowski). There is 

currently one main approach to treat peri-implantitis; i.e., surgical intervention via 

chemotherapeutic agents (ChA) to remove the bacterial biofilm causing the infection. Removing 

the bacterial biofilm by use of argon plasma and inducing a more effective transmucosal re-seal 

of the soft tissue is an alternative approach which we are exploring. Plasma has been used rarely 

in dentistry, mostly used for instrument cleaning or increasing adhesion of dental ceramics 

(Cha). We have found a company which will be marketing an argon plasma which is able to 

whiten teeth, increase adhesion, and act as a disinfectant at a rate of 99.999% (Hong). The argon 

plasma bombards a surface because plasma is such an unstable state of matter, this bombarding 

removes anything and everything from the surface. Additionally, the bombarding of the surface 

via unstable argon atoms creates a nano-rough surface which increases adhesion of many 

molecules (Gu).       

 The longevity of any given metallic implant is greatly compromised by the necessary yet 

unnatural union of an inorganic species (Ti) with the oral environment in which it is being used. 

In Dr. Aparicio’s lab at the University of Minnesota, a viable solution to create a more effect 

peri-mucosal seal has been developed through use of various oligopeptides (laminin and 

ameloblastin-derived sequences) that promote the formation of hemidesmosomes by human 



keratinocytes while having a relatively high cell proliferation (Koidou). Clinical relevance of this 

discovery is yet to be established. 

 In addition to the biological modification, researchers have also worked with chemical 

alterations, most commonly calcium phosphate (CaP) coatings on the surface. Hydroxyapatite 

(HA) is the most extensively studied CaP because its physical similarity to natural bone makes it 

a promising ceramic coating of Ti implants. Methods of applying the coating are extensive, 

including but not limited to high velocity oxy-fuel spraying, pulsed laser deposition, and 

electrophoretic deposition (de Groot).
 
While the chemistry involved in the ceramic layering of 

CaP’s is interesting, it is not integral to this review so I will not explain it extensively. The 

important lesson to be learned from the use of CaP is that while the biocompatibility to natural 

bone is enticing, the clinical relevance is still ambiguous due to detachment from the Ti over 

time (de Groot).
 
Another chemical modification that has been done is using fluoride, which has 

shown to also induce more effective bone growth around the implant (Yeo). 

 Finally, physical alterations to the topographical character of the Ti surfaces provide yet 

another potential to amplify the osseointegration ability of the implant. Micro-rough and nano- 

rough character is achieved on the implants through plasma spraying, grit-blasting, and acid- 

etching. The roughness of the surface increased the ability for bone anchoring as well as 

biomechanical stability (Le Guéhennec). The use of various etchants and other roughness 

causing agents has proven safe and effective enough to be used in the clinical setting with high 

levels of success (Le Guéhennec).
 
Le Guéhennec and colleagues do however acknowledge that 

the exact mechanism for how surface topography effects the osseointegration is poorly 

understood and research in the field have not been standardized which could potentially further 

the already poorly understood effects. Also, anodic oxidation of Ti implants has shown to be 



effective with bone restoration do to the increased oxide layer and the surface roughness, which 

has been shown to be more effective than untreated implants (Yeo).
 
 

 In addition to finding the best way to properly induce permucosal seal on an already 

infected dental implant surface, one must consider the best method for removing the microbial 

biofilm that has led to the patient’s infection. Current practices include using ChA such as 

chlorhexidine, citric acid, or NaOCl, all of which negatively impact the osseointegration via 

semi-toxic residues remaining following the removal of the biofilm (Kotsakis). Another solution 

to the bacterial infection of dental implants has been established in vitro using GL13K, an 

antimicrobial polypeptide which has shown to reduce the efficacy of S. gordonii and phylum 

Firmcutes (Chen). Finding an overall clinical treatment that does not limit the bone and soft 

tissue growth of the implant following the disinfecting procedure would be an extremely useful 

tool for clinicians treating peri-implantitis. 

3. Materials and Methods 

Materials	2.1	
	
	 Ti	discs	(6mm	diameter,	1mm	thickness)	were	punched	from	commercially	pure	grade	II	

Ti	(McMaster-Carr;	Robbinsville,	NJ).	A	high	power	expanded	plasma	was	utilized	(Harrick	

Plasma;	Ithaca,	NY).		

Surface Preparation 2.2 

	 Ti	surfaces	were	homogeneously	created	from	the	Ti	discs	via	polishing	with	240-grit,	

800-grit,	.5	µm	aluminum	suspension,	and	.1	µm	aluminum	suspension	in	that	order.	The	

polishing	plate	with	samples	superglued	to	it	was	then	soaked	in	acetone	overnight.	In	the	

following	day,	the	discs	were	free	from	the	polishing	plate	and	were	ultrasonicated	for	15	



minutes	in	cyclohexane.	Samples	were	then	cyclically	rinsed	with	ethanol,	isopropanol,	DI	

water,	and	acetone	then	dried	with	N2	gas.	Sonication	and	rinsing	was	completed	a	total	of	3	

times.		

Plasma Application 2.3 

 Ti samples were placed on one large glass slide which fits inside the chamber of the high 

power expanded plasma machine from Harrick Plasma. The chamber is then vacuumed for 5 

minutes, followed by an injection of argon gas for 5 more minutes. The argon valve was then 

closed and the vacuum stayed on. We then switched the RF level to HI for 15 or 30 minutes 

(depending on the treatment for that group). After the allotted time, the RF level was switched to 

OFF and the vacuum was released. Samples were removed for solution treatment.  

Treatment with Melatonin, Calcium Phosphate, and Hydroxyapatite 2.4 

 Following the application of plasma (or no plasma for the control groups) one sample 

was placed in each well of a 32 well plate carefully labeled. 0.4mL of the solutions (enough to 

fully submerge the disc) was added to the wells containing the experimental groups. After the 5 

or 15-minute application period, the solutions were pipetted out and rinsed with DI water twice. 

Samples were then immediately moved to a vacuum desiccator.   

X-ray Photoelectron Spectroscopy 2.5  

 The atomic ratios present on the surfaces were determined using XPS (SSX-100, Al Kμ 

X- rays, 1mm spot size, 35° take-off angle). Parameters set for XPS were 14 scans of 1eV step 

size for the 0-1100eV binding energy spectrum. Peaks produced with XPS were fitted and 

labeled using ESCA 2005 software connected to the XPS machine in the Characterization 

Facility at the University of Minnesota. 	

	



4. Results 

X-ray photoelectron spectroscopy (XPS) 4.1 

 XPS was utilized to determine in a very precise way the surface elemental composition of 

sample discs (fig. 1 &2, table 1). Peaks in the XPS graphs appear when electrons are excited 

from the atoms at the surface at specific energy levels provided by irradiation of X-rays 

(photons). Each element has a very specific binding energy, which XPS exploits by raising and 

lowering the x-ray energy 0-1100eV ultimately exciting electrons of all atoms that are present on 

the surface.  Peaks that reach higher counts indicate higher amounts of electrons emitted when a 

specific binding energy is applied by the X-rays, for example O 1s electrons were usually the 

most abundant atom on the surfaces whereas Ca 2p has very small peaks (if any) indicating a 

relatively low abundance. In this study, we focus on peaks indicating the presence of Ca 2p and 

P 2p, because it implies the adhesion of our experimental solutions (HA, TCP). Fig. 1 is divided 

into fig. 1A-E so it is easy to visualize the changing surface composition of each group with 

different exposures to Ar plasma. Before any experimental groups were characterized with XPS, 

discs with just plasma treatment or no treatment at all were analyzed fig. 1A. Both controls show 

the same significant peaks except for the plasma treated control shows a significant Fluorine 

peak. Fig. 1B-E each show how a particular experimental group changes from no plasma 

treatment, to 10 minutes plasma treatment, and to 30 minutes plasma treatment. The average 

results of multiple replicates (fig. 3) show that the results are inconclusive. However, looking at 

the progression of some individual samples within certain groups (HA, 5 mins application) we 

can see a growing Ca presence on the surfaces. This is not corroborated by the average of all 

replicates in fig. 3. HA-15 minutes application with 10 minutes plasma treatment shows a 

significant average Ca presence relative to no plasma and 30 minutes plasma (fig. 3). All other 



groups do not follow a specific trend in individual samples or in the averages provided in fig. 3.     

5. Discussion 

 Being that this project came to fruition just three months ago, we have experienced many 

limitations to the protocol that was originally proposed. While the results obtained have not been 

as we hypothesized, we have learned a lot from them and worked towards perfecting our 

protocol so we can move forward with the project. The first anomaly we discovered, which has 

been reduced yet persists, is a curious abundance of aluminum (Al) in surfaces which we 

believed to be grade 2 commercially pure Ti. In our initial analysis of control discs (no plasma or 

solution treatment) we found an abundance of Al and were not able to detect any Ti fig. 2.  All 

XPS surveys (fig. 1.A-E) show unlabeled peaks on either side of 100eV, these are Al peaks. 

When comparing fig. 1A to fig. 1B-E, the Al peak is greatly reduced and Ti becomes the most 

abundant metal detected in XPS analysis.  

 Another anomaly discovered through the data we recorded is the curiously low P 

abundance in almost all samples fig. 1,2. In most cases where there was any P identified on the 

surface it was in a quantity less than 1% of the total surface composition. There is a chance that 

quantification of P could confounded by the abundance of Al, because the Al peaks overlap the P 

peaks which could hinder the accuracy of the XPS quantification of P. This was significant 

because we hypothesized that P abundance would increase proportionally to Ca, indicating the 

increasing adhesive capabilities of the surfaces with increasing plasma treatments.    

 In conclusion, we believe that the still significant presence of Al on the surface of our 

samples is a factor confounding the true trends that plasma treatment has on increasing the 

adhesive capabilities of surfaces to biomolecules. Being that the use of plasma to activate Ti 



surfaces for implantology is a novel concept, it is impossible for us to compare our data to the 

primary literature. This also makes it so that the only way to remedy our issues come from 

personal trouble shooting and further experimentation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6. Appendix 

Figure 1: Each page of this figure presents the progression of XPS spectra from different 

treatments as they undergo various plasma exposure. Fig. B,C are different solutions applied for 

5 minutes. Fig. D,E are different solutions applied for 15 minutes. Each page includes (in this 

order, no plasma, 10 minutes plasma, and 30 minutes plasma. 

 

 

Figure 1.A: XPS spectra from control samples. No solutions were added to the surfaces.  
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Figure 1.B: HA and TCP 5 minutes application of solution exposed to various levels of Ar 

plasma.  
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Figure	1.C:	HA/TCP and 
Melatonin 5 minutes application 
of solution exposed to various 
levels of Ar plasma.	
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Figure 1. D: HA and TCP 15 minutes application of solution exposed to various levels of Ar 

plasma. 
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Figure	1.E:	HA/TCP and 
melatonin 15 minutes application 
of solution exposed to various 
levels of Ar plasma.	



Figure 2: An XPS spectrum from the original cleaning protocol which shows a massive 

abundance of Al with no detectable Ti.  

 

 

 

 

 

 

 

 

 

No	Plasma,	no	solution	treatment,	original	cleaning	protocol		
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