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1 SUMMARY  

 

La periimplantitis es una enfermedad multifactorial que presenta un origen infeccioso 

modulado por la respuesta del huésped y que afecta a los tejidos del implante. Su manejo 

consiste en disminuir la carga de patógenos periodontales para restablecer el equilibrio 

favorable entre el huésped y las bacterias para lograr la curación periodontal. En la 

literatura científica se han propuesto varias alternativas de tratamiento para lograr este 

resultado, y la terapia no quirúrgica debería ser siempre la opción de tratamiento inicial, 

independientemente del grado de periimplantitis. De hecho, esta última proporciona más 

tiempo para que el clínico evalúe la evolución de la enfermedad, cómo están curando los 

tejidos y compruebe si hay una regresión de la inflamación. 

Para ello, exploraremos diversos estudios entre los tratamientos no quirúrgicos, y 

evaluaremos su eficacia y limitaciones. La investigación bibliográfica se realizó a través 

de las siguientes bases de datos bibliográficas PubMed, Medline, Cochrane y revisiones; 

y se seleccionaron artículos centrados en el desbridamiento mecánico, la terapia 

antiséptica coadyuvante, la terapia antibiótica coadyuvante y la terapia asistida por láser. 

Se utilizaron noventa artículos en total. Se llegó a la conclusión de que, dependiendo del 

grado de la enfermedad, la terapia no quirúrgica asociada al cumplimiento por parte del 

paciente podría dar lugar a una mejora significativa. El raspado de los implantes dentales 

con o sin la aplicación de material complementario, como antisépticos, antibióticos o 

láser, ha mostrado resultados positivos, como la reducción del número de focos de 

sangrado, el nivel de fijación clínica y la disminución del número de bolsas periodontales. 

El uso de antisépticos como coadyuvantes sigue siendo controvertido. En combinación 

con el desbridamiento mecánico, la administración local de antibióticos, a diferencia de 

la ingestión sistémica de los mismos, ha tenido un impacto positivo en los parámetros 



 3 

clínicos y microbiológicos. Algunos láseres también tienen un futuro prometedor en la 

resolución de la periimplantitis; de hecho, conducen a una reducción bacteriana eficaz y 

tienen una menor tendencia a dañar la superficie del implante.  

 Sin embargo, el tratamiento no quirúrgico parece ser eficaz sólo a corto plazo y puede 

dañar la micromorfología del implante. También presenta algunas debilidades, 

especialmente en el caso de lesiones avanzadas. También necesitamos más estudios para 

conocer la mejor opción adyuvante, según el caso. Seguimos luchando por determinar el 

remedio óptimo para tratar esta enfermedad, ya que la mayoría de los tratamientos 

presentan similitudes en su grado de eficacia. Por desgracia, aún no se ha encontrado una 

terapia que conduzca a la resolución completa de la enfermedad. 

 

Palabras clave: periimplantitis, tratamiento no quirúrgico, efectividad, limitaciones.  

 

 

2 ABSTRACT  

 

Peri-implantitis is a multifactorial disease that presents an infectious origin modulated by 

the host response and affects the implant's tissues. Its management consists of decreasing 

periodontal pathogens' charge to restore a host/bacteria's favorable balance to achieve 

periodontal healing. Several treatment alternatives have been proposed in the scientific 

literature to achieve this result, and non-surgical therapy should constantly be the initial 

treatment option, no matter the grade of peri-implantitis. Indeed, the latter provides more 

time for the clinician to evaluate the disease's evolution, how the tissues are healing and 

check if there is a regression of the inflammation. 
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For this purpose, we will explore various studies among non-surgical treatments, and we 

will evaluate its effectiveness and limitations. Literature research was conducted through 

the following bibliographic databases: PubMed, Medline, Cochrane and reviews; and we 

selected articles that focused on mechanical debridement, adjunctive antiseptic therapy, 

adjunctive antibiotic therapy and laser-assisted therapy. Ninety articles were utilized in 

total. We concluded that depending on the disease's degree, non-surgical therapy 

associated with patient compliance might result in a significant improvement. Dental 

implant scaling with or without applying adjunctive material such as antiseptics, 

antibiotics or lasers has shown positive results, such as reducing the number of bleeding 

sites, clinical attachment level, and a decrease in the number of periodontal pockets. The 

use of antiseptic as an adjuvant remains controversial. In combination with mechanical 

debridement, the local administration of antibiotics, contrary to the antibiotics' systemic 

ingestion, has positively impacted clinical and microbiological parameters. Some lasers 

also have a promising future in resolving peri-implantitis; indeed, they lead to effective 

bacterial reduction and have a lower tendency to damage the implant's surface.  

 However, the non-surgical treatment seems to be effective only in a short term and can 

damage the implant micromorphology. It also presents some weakness, especially in the 

case of advanced lesions. We also need further studies to understand the best adjuvant 

option, depending on the case. We are still struggling to determine the optimal remedy 

for treating this disease because most of the treatments have similarities in their degree 

of effectiveness. Unfortunately, a therapy that will lead to the disease's complete 

resolution has not been found yet. 

 

Key words: peri-implantitis, non-surgical treatment, effectiveness, limitations 
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3 INTRODUCTION 

 
While oral implantology is booming, peri-implant diseases are also following an 

exponential curve, and they are not considered an unusual complication anymore. Oral 

implantology has shifted into one of the fastest-growing sectors in the dental industry. 

Every year, more than 800,000 individuals are getting dental implants in the United States 

and more than 1,8 million in the European Union. (1) (2) It has turned into an incredible 

alternative for tooth replacement since the discovery of osseointegration with Branemark 

in the late fifties. According to him, we have an increased chance of success of the implant 

when we have 90% of bone-implant contact. (3) 

Nowadays, the successfulness of dental implants presents very high success rates, around 

95% to 98%, but unfortunately, those results are not representative of the future of the 

implants in the long term. Indeed, peri-implantitis is becoming the principal factor of 

morbidity of implants. (2) (4) It is an infectious disease that infects tissues around the 

implants following dental implant placement. Inflammation, bleeding, suppuration and 

bone loss around the implant are characteristic of peri-implantitis. Those factors are 

unquestionably related to the failure of the dental implant. In literature, we can see that 

the definition of peri-implantitis varies depending on the view of the authors, which poses 

a source of contention and research.  The primary difference in research is due to factors 

like the number of people included in the study, time, type of research, method and the 

additional criteria of evaluation.  

 

We can differentiate several types peri-implant diseases:  

- Peri-implant mucositis is reported as a reversible tissue inflammation around the 

dental implant without attachment or bone loss (Figure 1.). (5)  It is very similar to 

gingivitis. Indeed, peri-implant mucositis is the antecedent of peri-implantitis, similar 
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to how gingivitis precedes periodontitis. Similarities are found such as redness, 

bleeding on probing, periodontal pockets of less than 4mm and no radiographically 

visible bone loss. (6) The resolution of the inflammation is the base of the therapy of 

peri-implant mucositis. The early treatment of peri-implant mucositis, in parallel with 

patient motivation can lead to very successful results.  (7) 

 

- Retrograde peri-implantitis was first defined in 2003 by Quirynen. He defines it as a 

radiolucent lesion located on the apical part of the implant; the coronal part presents 

“normal” osseointegration. (8)  It usually appears following the first months after the 

implant placement. It has been provoked by rest of granulomatous or scar tissues 

apically. Those lesions can be both, inactive and asymptomatic, or active and 

characterized by symptoms such as pain or swelling. (8) 

- During the 2017 European workshop of periodontology, a new definition of peri-

implantitis came out. It was defined as an inflammatory process of infectious origin 

that alters hard and soft tissues neighboring the osseointegrated dental implant, which 

lead to a loss of bone support. (9) During this workshop, they explained some 

characteristics of peri-implantitis such as probing depth of > 6 mm and bone levels > 

3 mm apically, in addition to bleeding and suppuration on general probing (Figure 

2.). (5) (7) (10) This infection can be divided into two different stages: early and late. 

The early infection is most commonly caused after the placement of the implant, due 

to an infection during the surgery or the following few weeks. In the contrary, late 
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infections take place after the osseointegration, when the implant is properly restored. 

This is closely related to general or local factors such as dental plaque accumulation 

or host susceptibility. (7) Unfortunately, the treatment outcome of peri-implantitis is 

usually unpredictable. 

 

To be able to choose the most appropriate treatment, we need to understand the different 

etiological factors involved in peri-implantitis.  

In 1998, Monbelli and Lang demonstrated across few points the role of anaerobic plaque 

bacteria related to peri-implant infections: (11) 

- The accumulation of bacterial plaque induces inflammation of the tissues around the 

implant. To increase the life expectancy of the implant, the control of plaque is 

primordial. We have a cause-effect relationship among dental plaque and peri-

implantitis. Bacteria is the principal etiological factors of peri-implantitis. The 

microbial flora present around implants is the same as the one present around natural 

teeth. The presence of anaerobic species such as Prophyromonas gingival or 

Prevotella intermedia are highly common in tissues surrounding the implant. These 

bacteria are easily bound to the surface of the implant, increasing the risk of acquiring 

peri-implantitis 

- We have a difference in the microflora between successful and failing implants. 

Indeed, gram-positive cocci are present in successful implants, unlike failing implants 
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that are colonized by gram-negative anaerobic bacteria. In general, the amount of 

bacterias is always low in a successful implant. Bacterial removal deposits are vital 

in the treatment of peri-implantitis. 

- Peri-implantitis decreases with the help of an antimicrobial treatment. 

- The successfulness of the implant is positively correlated to long term oral hygiene. 

(11) 

 

Through the different diagnostic parameters that can be used to diagnose peri-implantitis, 

we can find: 

- Radiographic examination: It is complementary to the clinical study and helps to 

measure the amount of bone loss. Less than 0,2 mm vertical bone loss per year 

following the primary year of implant arrangement corresponds to a primary criterion 

for the success of the implant. The presence of radiolucency around the implant is 

familiar with fibrous tissues which increase the risk of peri-implantitis. Usually, when 

a radiolucent line is encircling the implant and the latter is tender to percussion or 

present mobility, the only option will be the removal of the implant. (7)  

The disadvantage of the X-ray use is that we can only detect a problem once 30% of 

the bone has been lost; therefore, it is not an optimal approach for the early diagnosis 

of peri-implantitis. (4) (12) 

- Microbiologic exam: The future of the implant might be predicted thanks to 

microbiological markers. The presence of high level of Porphyromonas gingivalis, 

Prevotella intermedia and Actinobacillus actinomycetemcomitans, and other bacteria, 

increases the risk peri-implantitis, as aforementioned. The treatment of peri-

implantitis might include microbiological tests to make a differential diagnosis of the 

disease. 
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- Histologically, the tissues enveloping the dental implant presents features similar to 

gingival tissues surrounding the natural tooth, except for periodontal ligament and 

cement. The deficiency in cells, the high presence of collagen and the parallel 

organization of fibers justify the severity and rapidity of peri-implantitis. (3).  

- Peri-implant probing: We are using a periodontal probe to measure the probing depth. 

A 3 mm probing depth are indicative of physiological probing. Pockets more or less 

of 5 mm are conventional of peri-implantitis.  

- Bleeding after probing: The non-appearance of bleeding defines periodontal stability; 

however, bleeding may not necessarily relate with peri-implantitis. 

- Suppuration: It is a distinctive sign of peri-implantitis. The pus is the result of an 

infectious lesion, associated with the damage of mucosal tissues.  

- Mobility:  It is a characteristic of a decrease of osseointegration. Depending on the 

level of mobility, we will decide on the removal of the implant or not. In 2008, Heitz-

Mayfield explained that the implant should be removed as soon as mobility start. (13) 

- Swelling and redness are also present in peri-implantitis 

- Aspect of the tissues and clinical indices: The plaque index is a useful tool to measure 

the amount of plaque present around the implant. 

 

Several general risk factors are related to the progress of peri-implantitis: 

- One of the principal factors is poor plaque control. Indeed, it is considered as the 

leading risk factor for the advancement of the peri-implantitis. A proportional relation 

exists within the level of plaque and the rise of peri-implantitis. We also have a strong 

association linking bad oral hygiene and bone loss around the implant. Poor oral 

hygiene and plaque control increases the chance of catching peri-implantitis by a 

factor of four. (8) Therefore, one of the first things that we need to teach to the patient, 
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following the implant placement is the importance of oral hygiene. The removal of 

the dental biofilm is essential for the effectiveness of the treatment. (14) 

- The presence of a previous periodontal disease or an existing one, is a decisive risk 

factor. The development of peri-implantitis is more frequent and faster in periodontal 

patients. There is a strong relationship between those patients and the failure of the 

implant. Not well treated periodontal patients have a higher risk to lose the implant. 

(15)  

- A robust relation between diabetes and periodontal disease has already been 

established. (16) Diabetic patients present a higher chance of failure of the implant, 

and therefore, well-controlled patients present less risk of peri-implantitis than an 

uncontrolled patient. Several meta-analysis studies have demonstrated that peri-

implantitis is 50% higher in diabetic patients. (16) 

- Cholesterol can lead to lack of osseointegration. (17) (18) 

- The lack of vitamin D impedes the osseous regeneration. Supplements of Vitamin D 

might be beneficial in several cases. (17) (19) 

- Tobacco plays a crucial role in the apparition of periodontitis. The consumption of 

tobacco and bone loss are closely related. Smokers present a greater chance of deep 

periodontal pocket, plaque accumulation and bleeding on probing. For some 

practitioners, tobacco is a relative contra-indication for the placement of implants. 

Studies have also shown that we have a regression of the disease when the 

consumption of tobacco is reduced.(9) (20) (21) 

- Alcohol is also acknowledged as a risk factor because it affects blood coagulation and 

decreases bone metabolism. (21) 
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- There is no scientific evidence of a direct link between stress and the appearance of 

peri-implantitis.  However, stress, anxiety and depression can lead to lifestyle changes 

such as the increase consumption of alcohol or tobacco. (21) (4) (22) 

 

Other local factors that raise the chance of peri-implantitis: 

- The surface of the implant additionally influences the apparition of the peri-

implantitis. (23) The majority of implants available in the market present a moderately 

rough surface, between 1.0 to 2.0 microns. Studies have proved that implants surface 

close to 1.0 μm presents a lower risk of peri-implantitis than implants with 2.0 μm 

surfaces. The probability of peri-implantitis is intimately associated to the roughness 

of the implant surface. Indeed, rough implant surfaces promote the osseointegration 

of the bone, but at the same time, we have an increase in the amount of plaque. (24) 

Also, rough surfaces are more challenging to clean. The mucous tissues that envelope 

smooth implant surface have less likelihood of presenting problems.  

- We have the occupation of a micro-gap between the abutment implant interface. This 

micro-gap is considered acceptable when it is less than 10.0 μm. Some studies have 

demonstrated that internal implant connection presents less risk for bacterial 

accumulation than external ones. (25) 

- Cement excess over the implant can lead to an inflammation of the tissues surrounding 

the implant. The removal of the cement improves the status of the periimplantitis. The 

removal of the cement may be difficult and require surgical intervention. (7) 

- Lack of keratinized tissues, less than 2 mm, can lead to gum recession. The lack of 

keratinized tissues increases the probability of loss of insertion.  It also leads to an 

increase in the amount of dental plaque due to discomfort and pain during oral 

hygiene. (14) 
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- Lack of access for cleaning due to the prosthesis conception lead to plaque 

accumulation. The need for a new implant prosthesis or the complete removal of the 

implant might be the only option for the proper cleaning and the impediment of plaque 

accumulation. (14) (24) 

- Periodontal disease present in some teeth that can affect the microbial flora that 

surround the dental implant. It is primordial to stabilize the periodontal disease before 

placing the implant. The bacterial colonization usually occurs 30 minutes after the 

placement of the dental implant. (4) 

- The presence of an infection in adjacent endodontic teeth can lead to an infection of 

the implant. (8) 

- The quality of the bone during implant placement also plays an important role for the 

implant stability. (26) 

In the first place, implants are clinically stable without any pathological signs of mobility. 

However, in the absence of effective care, loss of osseointegration can occur, which can 

lead to the failure of the failure. (Figure 3.) (27) 
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The importance of prevention and the need for an effective protocol was highlighted in 

the 11th European Workshop for Periodontology. An effective supportive care to prevent 

the recurrence of peri-implantitis is primordial over the long term. (28) In 1998, Mombelli 

proposed a protocol for the treatment of peri-implantitis: depending on the probing depth, 

bacterial biofilm, BOP, suppuration and bone loss on Xray, the management of peri-

implantitis varies from simple, non-surgical therapy, to complex surgeries (especially in 

case of deep probing depth >5mm). (12) (29) (27) However, the data on which therapy is 

most effective is inconclusive. Although, non-surgical remedy should be the leading 

choice, no matter the stage of the periimplantitis, but it has some limitations. Some studies 

have illustrated how the non-surgical procedure of peri-implantitis is an ideal choice in 

the aesthetic zone. (Figure 4a -b) (24)  

 

Non-surgical therapy should precede any surgical therapy; indeed, the latter provides 

more time for the clinician to evaluate the disease's evolution, adjust the treatment if 

necessary, evaluate how the tissues are healing and check if we have a regression of the 

inflammation. (7) The earlier the detection of peri-implantitis and the better the outcome; 
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the more we wait, the more ineffective the non-surgical treatment will be. A supportive 

maintenance program should always follow the non-surgical therapy. In cases of 

progressive bone loss or persistent periimplantitis, despite several non-surgical 

treatments, surgical treatments will be the optimal option to decontaminate the micro-

implant surface. (4) The last therapeutical option should be the removal of the implant. 

(27)  

The treatment planning should be based on local and general factors, but we should also 

take into account the patient consideration and allow some adaptability due to the 

unknown outcome of the treatment. (30) 

Our goal is to explore various non-surgical therapies for the treatment of peri-implantitis.  

 

 

4 OBJECTIVES 

 
Peri-implantitis is considered one of the most challenging complications in implantology. 

Over the years, the realization of the problem pushes clinicians to imagine different 

therapeutic approaches to prolong the implant's life and stop peri-implantitis. Indeed, it is 

a rapidly progressive pathology of bacterial aetiology that progress towards the bone due 

to the absence of connective tissues to protect it. (27) The change and progression from 

mucositis to peri-implantitis is challenging to manage. Therefore, it is important to treat 

early signs of inflammation to prevent or reduce marginal bone loss. The removal of the 

oral biofilm from the implant is the primary goal in the therapy of peri-implantitis. (27) 

(30) Currently, we have a significant body of clinical reports and studies that show that it 

is possible to stop the progression of the disease and repair the destroyed tissues. Studies 

have proved that peri-implant mucositis is reversible; the quick diagnosis and treatment 

of mucositis will prevent the progression into peri-implantitis, which is more laborious to 



 15 

treat and present an unpredictable outcome. (7) (31) The properties of implant surfaces 

also impact the disease's progression and resolution; therefore, a technical modality that 

can effectively detoxify the implant without modifying its surface is needed. (32) We will 

analyze and focus on these studies to find the best non-surgical options to treat peri-

implantitis. 

Our objective is to conduct an empirical study on the best non-surgical therapeutical 

options to remedy peri-implantitis and analyze its effectiveness and limitations. 

 

 

5 METHODOLOGY  

 
5.1 DATABASE SELECTION 

For this study, a literature search was performed through the following bibliographic 

database: PubMed, Medline, Cochrane and Bibliographic reviews. 

Some of the later journals have been distinguished as being conceivably significant for 

the outcome of this review, such as the journal of: 

- Prosthetic Dentistry  

- Oral Implantology 

- Clinical periodontology  

- Clinical and Experimental Dentistry 

- Oral and Maxillofacial implants 

- Clinical Laser Medicine and Surgery 

- Periodontal & Implant Science 

- Oral Implantology 

- Periodontics & Restorative Dentistry 

- Photochemistry and Photobiology B: Biology 
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- Scientific world journal  

- British dental journal  

- Clinical Oral investigations 

- Prosthodontics  

 

5.2 ELIGIBILITY CRITERIA 

Ø Inclusion criteria  

The following articles have been pre-selected depending on the content of the titles and 

the abstracts, based on the criteria: 

- Dental articles related to the objectives.  

- Types of studies: randomized clinical trials, meta-analysis, clinical studies 

(human, animal, in vitro and in vivo studies) evaluating the treatments of peri-

implantitis. 

- Chosen population: a human or animal population with a dental implant. Subject 

who have at least one dental implant touched by mucositis or peri-implantitis. 

- Target time: most of the studies presenting results over six months to more than 

one year, except one study that showed results after 12h. 

- Pathology studied: peri-implantitis (peri-implant mucositis and mild to moderate 

peri-implantitis). 

- Treatment studied: non-surgical procedure, including the utilization of local or 

systemic therapeutic agents to recover peri-implant oral health. It excludes all 

types of treatment approaches with surgical procedures, such as open flap.  

- Bleeding or Suppuration is considered when it is present in at least one of the four 

sites per implant explored. 
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- Purpose: Description of the different non-surgical treatment option, their 

effectiveness and limitation for the treatment of peri-implantitis. 

 

Ø Exclusion criteria: 

Articles containing the following criteria were excluded from the study: 

- Topic not relevant to the focus question  

- Articles without analytical objectives  

- Very severe case of peri-implantitis 

- Articles before 1992 

 

Ø Limitations of the researches 

- Languages limits: English, Spanish and French 

- Publication year limit: from 1992 to 2020 

 

5.3 STRATEGY FOR THE RESEARCH  

Through the articles, we decided to assess the changes related to bleeding on probing 

(BOP), probing depth (PD) and also, in some cases, the clinical attachment level (CAL) 

/ probing attachment level and suppuration. 

Depending on the studies, we can find a few variations between peri-implant mucositis 

and periimplantitis. Indeed, some studies might consider a bone loss up to 3 mm as peri-

implant mucositis, while others will define this condition as periimplantitis. (6) 

 

5.4 FINAL SELECTION – DATA COLLECTION 

The pre-selected articles have been subjected to critical reading to retain only the most 

relevant. In total, ninety articles were used, indexed between 1992 and 2020. 



 18 

Keywords: dental implant, peri-implantitis, periodontal diseases, non-surgical treatment, 

laser, mechanical debridement, antibiotics, antiseptics, periodontal maintenance, 

supportive periodontal therapy, decontamination, biological complication, anti-infectious 

therapy, peri-implant complications. 

 

 

6 RESULTS   

 

After several trials to identify the most powerful interventions for managing peri-

implantitis, we understood that there is no conclusive evidence suggesting what could be 

the best protocol to manage peri-implantitis. (33) The variation in the definitions of peri-

implantitis, the lack of clarity regarding the status of the disease, and the contrast between 

the inclusions and exclusions of the criteria of each study was very challenging. (1) In the 

contemporary body of work, the ideal treatment of peri-implantitis varies among authors. 

A study by Cochrane conducted over one year demonstrated the ineffectiveness of 

existing treatment and recurrence of peri-implantitis by up to 100%. (34) Nevertheless, 

other studies demonstrated that proper treatment planning and early detection of the 

disease presents a positive outcome; and even if the disease's complete resolution is not 

reached, a modification in the inflammation is still achievable in the short term. (1) 

Concerning the treatment's effectiveness, in most of the studies, we could observe a 

higher impact and reduction on bleeding on probing compared to probing depth and 

clinical attachment. (24) (29) (27)  Mechanical debridement presents successful outcomes 

despite the peaks and troughs of threads that are a tactile challenge. Accessing the pockets 

may pause a difficulty even for the most qualified laborer; with the procedure highly 

contingent on the operator's skills and training. While performing this treatment, it is 
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imperative not to change the implant micromorphology, and to not interfere with the 

biocompatibility. (35) (36) In general, mechanical debridement appears to be especially 

effective in pockets less than 3 mm and may succeed in some recovery in the peri-implant 

bleeding tendency. Despite better results when using metallic curettes and ultrasonic, we 

can observe a greater surface damage compared to nonmetallic instruments. Indeed, some 

authors do not recommend using metal curettes to treat smooth-surfaced implants because 

of the alterations they can cause. Non-metallic instruments on the other hand, such as 

plastic curettes and abrasive spray systems were found to cause minimal or no damage to 

the implant surface. (7) The new copper metal tips have potential because they are as 

effective as metal tips, but they have the advantage of producing minimal harm to the 

implant surface, similar to the plastic tip. (37) Several studies have demonstrated that the 

supplementation of mechanical therapy with topical antimicrobials presented better 

results in the BOP and PD. (7) However, some studies demonstrate that mucositis can be 

resolved with mechanical debridement without antiseptic treatment. Citric acid and 

sodium hypochlorite were the antiseptics that presented the most significant results than 

the other commercially available antiseptics. (24) (38) The antibacterial therapy presents 

better results when it is locally applicated than systemically ingested for the treatment of 

peri-implantitis. Indeed, patients that experienced local antibiotic adjunctive therapy 

presented a higher probability of a successful outcome. (39) Laser therapy has become a 

good alternative in the treatment of peri-implantitis because it allows a good 

decontamination of the site without altering the surface of the implant. However, a major 

problem with laser application, is limited visibility. (27) Some lasers, such as the Er: YAG 

laser, presented inspiring results. Nevertheless, we also have Er, Cr, YSGG 

(WaterlaseTM)   that have significant potential in the field because it presents a technical 

amelioration over the Er: YAG's. (4) (40)   
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The issue that remains is whether the condition's recurrence after a year represents a 

failure of the first treatment or the establishment of a new disease. (1) 

 

 

7 DISCUSSION 

 
7.1 MECHANICAL DEBRIDMENT 

Mechanical therapy is the treatment of election when inflammation is observed around 

the implant. It still sounds unusual that the devices used for the debridement of implants 

are the same as the one used to treat teeth that present a flat surface. Several studies have 

demonstrated the improvement of implant surface thanks to mechanical debridement. 

This technique offers some advantages, such as increased tactile sensation and minimal 

risk of aerosol contamination. However, it also presents disadvantages such as difficult 

access to deep pockets, iatrogenic risk, and it is highly dependent on the practitioner's 

dexterity and experience. (14) (41) (42) We are trying to make the implant surface 

biologically compatible with periodontal healing by removing tartar, bacterial biofilm, 

and endotoxins through mechanical action. (41) (42) While performing this treatment, it 

is imperative not to change the implant micromorphology, to not interfere with the 

biocompatibility. (36) Indeed, numerous in vitro studies have been conducted to evaluate 

different systems for the mechanical debridement of implants, assessing their efficacy 

and the damage they may create on the implant surface. (43)  

During many years, mechanical debridement was achieved thanks to titanium (Figure 5.) 

or carbon-fiber scalers (Figure 6.). (44) 
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Standard metallic scalers typically used for root surfaces cleaning develop injuries in the 

implant's titanium oxide surface and corrosion. Furthermore, these metallic scalers can 

lead to microscopic groove development and in parallel, more plaque accumulation 

(Figure 7). (43)  

 

According to Lang et al. in 2000, mechanical debridement is very effective in cases with 

calculus, bleeding, absence of pus and pockets of less than 3 mm. He proposes using 

carbon fiber curettes to remove calculus and the use of abrasive paste to remove plaque. 

The carbon fiber curettes are sharp and strong enough to remove light to moderate 

calculus deposits. (45) 
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During the last 100 years, periodontal instruments were always in progress. Plastic scalers 

have been developed to limit more significant damage to the implant surface. (25) The 

Teflon coated scalers are more rigid than the plastic ones. Compare to stainless steel 

curette; they produce less harm to the implant. (10)  

More recently, the development of ultrasonic devices with plastic (Figure 8.) or Teflon-

coated curettes (Figure 9.) have demonstrated a reduction in the alteration of the surface 

of the implant but those tips can leaved some bacterial rests on the implant surface. (9)  

Ultrasonic scalers have the particularity to transform electrical current into mechanical 

energy in the form of high-frequency vibrations at the instrument tip. The vibration 

frequencies usually range from 18 000 to 45 000 Hz. (44) The use of sonic or ultrasonic 

instruments is a good alternative to the use of manual curettes. The vibrations are created 

by a generator-transducer system that defines frequency and amplitude. They offer some 

advantages, such as integrated irrigation, an increase of time, and are easier and more 

comfortable to use. However, they are very noisy, need lots of maintenance, and have a 

high aerosol contamination risk. (41) (42) 

In 1996, Matarasso et al., in an in vitro study, explained the modifications of titanium 

implant surface following the use of different prophylaxis procedures. They analyze ten 
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prophylaxis systems (conventional ultrasound, ultrasonic with plastic tip, stainless steel 

curette, titanium curettes, Teflon curette, air-powered system, abrasive rubber cups, 

polishing rubber cup and brush) and compared it with untreated controls implants. It 

concludes that conventional stainless-steel curettes and metal ultrasonic tips can damage 

the implant surface and promote future plaque accumulation. (46) 

Augthun et al. in 1998 carried out a similar study to the previous one, testing different 

systems for the mechanical debridement of implants, excluding ultrasonic devices. The 

first part of the study showed that the abrasive powder system, the plastic curettes, and 

irrigation with 0.1% chlorhexidine did not damage the implants' surfaces. In the second 

part of the study, the three methods are clinically tested, and it is shown that the abrasive 

powder system achieves higher efficiency in removing deposits (Figure 10). (43) 

 

A double-blind randomized longitudinal clinical study, over a period of 6 months, 

contrasting titanium curettes and ultrasonic device, failed to demonstrate any specific 

differences in the treatment outcomes. This study only showed a reduction concerning 

the bleeding of the dental implant but didn’t show any specific improvement concerning 

the probing. (47)  
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A randomized controlled clinical trial (RCT) illustrated the effectiveness of the Carbone 

curette combine with an antiseptic therapy of chlorhexidine gluconate, for the mechanical 

debridement, compared to an air abrasive device of amino acid glycine powder. After 6 

months, both techniques will lead to a relative improvement in the clinical attachment 

level (CAL), but the improvement of the BOP is highly superior with the air abrasive 

device. (48)  

Another study demonstrated the effectiveness of powder abrasive device applying glycine 

powder instead of debridement with ultrasonic or manual instruments. One of its most 

essential features is to prevent surface alteration on rough and smooth surfaces of 

threaded, screw-shaped implant. (36) 

Sato et al. in 2004 conducted an in vitro study testing the efficacy of a new piezoelectric 

ultrasound system with a carbon tip (Figure 11.)  that performs a horizontal movement 

that moves parallel to the implant surface. This new system is compared with a 

conventional ultrasound system (Figure 12.)  and a plastic scaler (Figure 13.). The results 

showed that the two ultrasonic systems are equally effective in their removal capacity, 

and no differences in the surface disturbance were found. However, this study was 

performed in vitro and cannot be directly applied to the clinical situation. We need further 

in vivo studies to examine the potency of those instrument in the plaque and calculus 

removal from the implant surface. (49) 
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In 2007, Kawashima et al. carried out the same study but in vivo, comparing piezoelectric 

ultrasound scalers with a carbon tip, ultrasound with a plastic tip, and a metal tip. The 

results show that all three systems remove similar amounts of plaque and calculus; while 

the piezoelectric carbon-tipped ultrasound and the conventional plastic-tipped ultrasound 

leave a smooth surface, the conventional metal-tipped ultrasound produces surface 

damage.  (50) 

Mechanical therapy alone presented restricted clinical changes with the use of designed 

carbon-fiber curettes, ultrasonic devices and titanium instruments. Moreover, the use of 

the Vector system (an ultrasound with a carbon fiber tip accompanied by an abrasive fluid 

with hydroxyapatite microparticles). (Figure 14.) delivered unimportant differences in 

BOP and PD after six months. (35)  The use of carbon fiber tip manually or with vector 

system produced only few improvements in bleeding on probing (BOP) but no signifiable 

corrections in the deepness of the pocket (PD). (35) The Vector system is another type of 

ultrasonic instrument, that uses an operating frequency of 25 000 Hz and a coupling at 

the head of the handpiece to transfer energy indirectly to the working tip. These 

instruments are cooled by a water-based medium containing polishing particles of various 

sizes depending on the therapeutic indication. One of his advantages is that the amount 

of contaminated aerosol is reduced compared to that produced by other ultrasonic or sonic 

devices. 
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A study carried out by Schwarz et al. in 2003 compared two methods for the mechanical 

debridement of implants: Er: YAG laser and the Vector system. According to this in vitro 

study results, the Vector method should not be used in the mechanical treatment of 

implants because all the surfaces treated with this method showed damage to their surface. 

(51) 

Duarte et al. in 2009 carried out an in vitro study comparing four methods for mechanical 

debridement on smooth and rough titanium implant surface (Er: YAG laser, plastic 

curettes, metal curettes and abrasive air-powder systems) and assessing the adhesion of 

Str. Sanguinis after treatment. For smooth-surfaced implants, metal curettes produced 

more surface scratching. For rough-surfaced implants, the surface was not altered by any 

of the methods studied. Although, those rough-surfaced implants treated with metal 

curettes and abrasive powder spray presented less bacterial adhesion. The authors do not 

recommend using metal curettes to treat smooth-surfaced implants because of the 

alterations they can cause, but they also conclude that the use of metal curettes and 

abrasive air spray rough-surfaced implants results in fewer bacterial adhesion. (52) 

In 2009, Máximo et al. performed cases series and treated patients with Teflon curettes 

and abrasive sodium carbonate air powder. They went to the conclusion that "mechanical 

therapies alone were effective in treating mucositis". (31) (53) 

In an RCTs, Sahm et al. judged manual debridement with submucosal chlorhexidine 

instead of debridement using an air-powder abrasive device. After six months, there was 

no implant disaster and no significant difficulties. Both studies presented some similarity 

in the reduction in the bacterial biofilm. The significant difference is that the air-powder 

abrasive device demonstrated better BOP decreases than the mechanical debridement. (1) 

(54)  
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Schwarz et al. in 2009 conducted a study on titanium plates to evaluate the influence of 

two decontamination methods with abrasive spray devices on cell viability. This study 

obtained intraoral biofilm samples cultured on titanium discs and later sprayed with 

glycine spray or bicarbonate spray. Both types of devices were shown to be equally 

effective in biofilm removal. On the other hand, bicarbonate spray was shown to achieve 

higher cell activity than glycine spray. The authors conclude that these results are because 

particle size influences cell viability on implant surfaces. (55) 

Baek et al. in 2012 evaluated a new metal tip for ultrasonic instrumentation made of 

copper alloy. They performed an in vitro study comparing it with conventional stainless-

steel tips and plastic tips on titanium surfaces. We could observe similar results 

concerning implant surface scratching; however, the conventional steel tip produced more 

surface scratching. Regarding removal efficiency, the stainless-steel tip is twice as 

efficient as the new copper metal tips. These new tips also produce minimal harm to the 

implant surface, the same as the plastic tip. (56) 

After looking at the different studies' conclusions, Louropoulou et al. in 2012, in a 

systematic review, presented some guidelines on the effect of mechanical debridement on 

the implant surface. In the case of smooth-surfaced implants, non-metallic instruments 

and rubber cups are the methods of choice. For rough-surfaced implants, non-metallic 

instruments and abrasive spray systems were the best instruments of options if we want 

to preserve the surface integrity. Non-metallic instruments were found to cause minimal 

or no damage to the implant surface. (57) 

Regrettably, a lack of proof concerning the most powerful instrumentation modality is 

still present. Besides, the design of implant-supported prosthetic restorations sometimes 

makes mechanical decontamination challenging to achieve on the implants' surface. (1) 
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(58) Mechanical debridement remains the gold standard in treating peri-implantitis, but 

we need further studies to achieve the best results. (36)  

 

You can find in the Annexes 11.1 one a table that compares all the different studies. 

 

7.2 ADJUNCTIVE ANTISEPTIC THERAPY  

The addition of adjunctive measures to the mechanical debridement may lead to a better 

outcome in the treatment of periimplantitis. (7) The choice of antiseptic molecule varies 

according to the patient, his or her pathology, and the treatment plan stage. (42) (41) 

In 1995, Ciancio et al., in a double-blind, randomized clinical trial, manifested the 

profitable outcomes of rinsing with Listerine, an antiseptic mouth rinse, for the treatment 

of patients with mucositis. Twenty patients with at least two implants with mucositis signs 

were randomly assigned to two groups: one with twice-daily Listerine rinses and one with 

a placebo of 5% hydro alcohol after prophylactic treatment. At three months follow-up, 

the Listerine group showed a significant increase in plaque, gingival index and bleeding 

rate compared to the placebo group. The rinse as an adjuvant did not produce 

improvements in probing depth or insertion level for either group. (31) (59)  

A randomized, double-blind clinical investigation illustrated the effectiveness of two anti-

infective protocols for handling peri-implant mucositis. First of all, all patients underwent 

mechanical debridement. Then, they were directed to clean around the implant with a 

manual toothbrush. They were instructed for four weeks, to clean twice a day using a gel 

at the implant location. Those patients were subdivided into two groups: one group 

received a 0.5% chlorhexidine gel, and the other received a placebo gel. (Figure 15.) (44) 



 29 

After the four weeks, patients were required to end the utilization of the gel and followed 

with usual oral hygiene. After the first month, both groups demonstrated an essential 

reduction of BOP as well as PD. (58)  

 

In 2006, Trejo et al. carried out a study to demonstrate the effectiveness of chlorhexidine 

gel. They induced mucositis in monkeys and tested two treatment modalities:  mechanical 

debridement and mechanical debridement with chlorhexidine irrigation and a 0.2% 

chlorhexidine gel. These two protocols are compared with a control group that does not 

receive any treatment. Both treatment modalities presented similar improvement without 

any specific distinctions concerning the probing depth, gingival and plaque index. 

However, we could observe variations between the treatment groups and the control 

group. Histologically, we could observe an absence of inflammation in the treatment 

groups, contrary to the control group. This study demonstrates that mucositis can be 

resolved with mechanical treatment without the need for antiseptic treatment. (60) 

Porras et al. in 2002 performed a similar study to the previous one but on 16 patients, 

comparing only mechanical debridement with mechanical debridement combined with 

chlorhexidine irrigation and the application of chlorhexidine gel, without a control group. 

The conclusions point that both treatments presented improvement at the gingival index, 
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a reduction of the probing depth, and destruction of pathogenic bacteria associated with 

mucositis. However, no differences have been observed between both groups. (60) 

In 2010, Heitz. Mayfield et al. conducted a clinical study on 29 patients diagnosed with 

mucositis. All patients received mechanical debridement and were then divided into two 

groups: one group received 0.2% chlorhexidine gel twice a day for a month, and the other 

group utilized a placebo. After one month, both groups presented a reduction of the 

gingival index and probing depth but with no significant differences. This study 

concludes that chlorhexidine as an adjuvant antiseptic does not improve the results of 

mechanical treatment. (58) 

During the same year, Thöne-Mühling et al. carried out a study to evaluate a treatment 

protocol for mucositis with a "full-mouth" procedure. This "full-mouth" procedure 

include mechanical debridement with or without the application of chlorhexidine gel and 

rinse. After eight months of follow-up, both treatment modalities improved clinical 

parameters with no differences between them. The bacterial count at 24 hours after 

treatment decreased for both groups, without being higher for the group decontaminated 

with chlorhexidine. At eight months, the reduction of bacterial quantity is not significant 

for any of both groups. (61) These studies on chlorhexidine as an adjuvant in mucositis's 

therapy concluded that the results are similar with or without its use. (58) (60) (61) 

In 2010, in an in vivo human study, Gosau y cols. assessed six antimicrobial agents' 

effectiveness on titanium implants surface oral biofilm. They performed acrylic upper 

jaw splints (14 specimens in every splint) fixed on titanium specimens for this study. 

Those splints were worn for 12 hours at night by four patients. Various antimicrobial 

agents such as Sodium hypochlorite 1%, Hydrogen peroxide 3%, Chlorhexidine 

gluconate 0.2%, triclosan 0,3%, Listerine, citric acid 40% were used for 1 min on the 

titanium implants and used as control saline solution. Afterwards, the bacterial biofilm 
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was measured thanks to fluorescence microscopy. All the antimicrobials agents lead to a 

reduction in the bacterial biofilm, with higher results for Sodium hypochlorite, Hydrogen 

peroxide 3%, Listerine, Chlorhexidine gluconate 0.2% compared to citric acid and 

triclosan 0,3%. (62) 

Strooker et al. in 1998 carried out a study to compare the effects of mechanical 

debridement with chemical therapy, using orthophosphoric acid at 35%. Two implants in 

each hemiarch were treated with: orthophosphoric acid at 35% for one minute and rinse 

for 15 seconds or mechanical debridement with plastic curettes. This treatment is repeated 

monthly for five months. At the end of the following period, a reduction in the gingival 

index and probing depth was observed in both groups, with a better outcome in the group 

receiving chemical treatment. Indeed, a more significant reduction in the gingival index 

and the number of bacterial colony-forming units was achieved thanks to the chemical 

therapy. (60) 

Ntrouka et al. in 2010, conducted an in vitro study to evaluate the antibacterial capacity 

of different products. In this study, titanium discs were incubated with Str. Mutants on 

one side and with patient saliva on the other side to obtain polymicrobial samples. In this 

case, the antimicrobial agents were: EDTA 24%, citric acid 40%, hydrogen peroxide 

10%, Ardox-x (bleach and antiseptic rinse combination), cetyl pyridinium chloride 

(CPC), chlorhexidine 0.2% and water as control. The results of the destruction of Str. 

Mutants show a significant reduction when using hydrogen peroxide, Ardox-X and the 

best outcome were obtained with citric acid, compared to the other antimicrobial agents. 

The results show that citric acid or combinations of citric acid achieve a significant 

reduction in removing multispecies from the salivary culture. (63) However, the extended 

administration of citric acid solution is not recommended since it could alter the implant's 

quality of the titanium bony. (4) 
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In 2014, Ji et al. demonstrated the effectiveness of the mechanical debridement in the 

treatment of peri-implantitis with or without the adjunctive use of antiseptic rinses. (64) 

The efficacy of sodium hypochlorite has been highlighted through an ex vivo study. 

Indeed, sodium hypochlorite was the only antiseptic to present significant results 

compared to other commercially available antiseptics such as: hydrogen peroxide, 

chlorhexidine gluconate and citric acid. (24) (38) Even if hypochlorite presents exciting 

results, the toxicity of the latter decreases its utility. (24) (38) 

In a recent study, McKenna et al. attempt to compare the effects of ozone and hydrogen 

peroxide in treating mucositis. They selected 20 patients who had at least four implants. 

Splints were made to cover the implants during brushing. The patients were divided into 

four treatment groups: (1) air + saline, (2) air + peroxide, (3) ozone + hydrogen peroxide 

and (4) ozone + saline. Patients treated with ozone + saline and ozone + hydrogen 

peroxide achieved a significant reduction in plaque index, modified gingival index and 

bleeding index, with similar results between the two groups, while patients treated with 

air + saline had the worst results (Figure 16.). From this study, it is concluded that ozone 

therapy has the potential for the control of mucositis. (65) 

 

Further in vivo researches are necessary to learn more about the extension and 

effectiveness of adjunctive antiseptic therapy.  

 

You can find in the Annexes 11.2 one a table that compares all the different studies. 
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7.3 ADJUNCTIVE ANTIBACTERIAL THERAPY  

Mechanical debridement can also be associated to an adjunctive local or systemic 

antibacterial therapy to increase the outcome of the periodontal treatment. Bacteriostatic 

or bactericidal products have the role of inhibiting plaque formation. Unfortunately, they 

present a time-limited effect, which means they must be used several times. 

Positive results have been observed with local antimicrobials such as minocycline 

microspheres in combination with the mechanical debridement. They are bioresorbable 

polymeric scaffold, and the antibiotic is contained inside. The distribution of the antibiotic 

is produced through maintained liberation as the scaffold breaks down over time. (66) 

Indeed, two RCTs conducted in 2008 and 2012 have shown the effectiveness of the 

minocycline microsphere at the clinical and microbiological level, as an adjunctive 

antibacterial treatment following the mechanical debridement. After 12 months, we can 

see that the minocycline microspheres result in an improvement at the BOP level and PD 

also. Thanks to this treatment we manage to achieve a reduction of 38% of the BOP and 

more or less 0,3mm of PD. In the deepest site, we couldn’t observe any specific 

differences concerning the amount of bacterias but a reduction up to 0,6 mm in the 

probing depth, after 12 months. We need further studies concerning the use of 

minocycline microspheres as an adjunctive antibacterial therapy in peri-implant lesions. 

For durable success, the treatment needs to be repeated. Both systematic review by 

concludes that the use of systemic antibiotics produces an improvement in the clinical 

parameters of peri-implantitis. (67) (68) (69)  

In another prospective RCT, Schär et al. highlighted the value of the minocycline 

microsphere in comparison with antimicrobial photodynamic therapy (PDT). All patients 

received mechanical treatment with curettes and glycine powder spray. After 6 months, 

this study shows that both therapies equally induce a reduction of the mucosal 
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inflammation in the initial stages of peri-implantitis. None of the treatment modalities 

produced a clinical attachment gain. At the end, both options does not lead to a complete 

resolution of the inflammation. (70) (71) 

Salvi et al. showed the effectiveness of the minocycline for the treatment of peri-

implantitis for a short period. (1) In 2007, they evaluated the effect of the application of 

minocycline microspheres (Arestin) as an adjuvant to mechanical debridement. In this 

study, they evaluate the clinical, radiological and microbiological results but do not 

compare the results with a control group. The study involved 31 implants diagnosed with 

peri-implantitis. Firstly, they performed mechanical debridement, then applied 0.2% 

chlorhexidine gel, and finally, minocycline microspheres were placed in the peri-implant 

pocket. Results at 12 months show a statistically significant reduction in probing depth 

(mean 1.6mm) and BOP. The second part of the study shows the microbiological results: 

a significant reduction in the bacterial count is achieved after ten days. At the end of 12 

months, only A. Actinomycetemcomitans are lower than the initial values. (69) 

Buchter et al. demonstrate the usefulness of doxycycline through a randomized RCT. 

Indeed, in his study he shows the advantages of the local and controlled application of 

Atridox, which is a solution that contains 8,5% of doxycycline in combination with the 

mechanical debridement. The application of the Atridox, lead to an improvement in the 

BOP (P=0,001), a huge amelioration in the probing attachment of 1,15mm and a reduction 

of the pocket depths about 1,15mm, in the short term. (72) 

Mombelli et al. estimated mechanical debridement with local delivery of tetracycline 

fibers. 2 patients were excluded from the trial because they presented tenacious peri-

implantitis and suppuration on probing. We could observe an improvement of the bone 

level and a reduction of the PD and BOP. The treatment of peri-implantitis by local 

delivery of tetracycline presented a positive impact on clinical and microbiological 
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parameters. However, it is noted that in cases of narrow and deep defects, the direct 

contact of the fibers with the entire implant surface is complicated, and therefore the 

desired effects may not be achieved. (1) (73) Furthermore, it seems that tetracycline 

excites fibroblast increase in the interested area. (4) 

Schenk et al. in 1997, conducted a study to evaluate the effectiveness of tetracycline 

hydrochloride (HCL) fibers as an adjunct to mechanical treatment in mucositis and peri-

implant hyperplasia cases (Figure 17 a-b-c). After mechanical debridement, tetracycline 

fibers were placed in the test group and not in the control group. The results show that in 

the group test, a reduction in mucosal hyperplasia and BOP is achieved, while in the 

control group, no changes were observed. However, these results were obtained only on 

a small sample of 8 patients. (74) 
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Unfortunately, we have a limited knowledge concerning the use of systemic antibiotics 

for the remedy of peri-implantitis. 

In 1992, through Mombelli et al. presented the power of antibiotics administration over 

the subgingival microbiota in peri-implant infections. The treatment is based on 

mechanical debridement, chlorhexidine irrigation and systemic antimicrobial cure (1 gr 

of Ornidazole for 10 days). At the end of the treatment, we can see a reduction concerning 

BOP and after one years, the BOP is still low. We can also observe a decrease of the PD 
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after one year, except in one case. We have a general improvement of the microbiota 

accompanied by a decrease of the subgingival bacterial mass and anaerobic bacterias. 

This therapy has positive outcome for patients suffering from peri-implantitis. (75) 

This is in contradiction with a more recent studies (2012 and 2013), that didn’t show the 

effectiveness of antibiotic in the treatment of periimplantitis. In the RCT of 2012, after 6 

months, no improvement concerning the PD was observable, but we can observe a 

decrease in the BOP from 82,6% to 27,3%. Regarding the bacterial count, no difference 

was noticed. The BOP improvement may be credited to the enhancements in oral health. 

The use of systemic antibiotic in the treatment of periimplantitis does not have specific 

relevance. (39) 

In 2013, Rams et al. conducted an in vitro study in which they cultured subgingival plaque 

samples from 160 implants with peri-implantitis. These cultures were tested for 

susceptibility to amoxicillin, doxycycline, clindamycin, metronidazole and the 

combination amoxicillin and metronidazole. Some of the pathogenic bacteria of the peri-

implant mucosa are resistant to a single administration of clindamycin, amoxicillin, 

doxycycline or metronidazole, but there are few cases of resistance to the combination 

amoxicillin and metronidazole. (76) 

A study directed by the Barcelona School of dentistry also demonstrated that the 

combination of amoxicillin and clavulanic acid presented the antibiogram's best results. 

(4) 

A clinical study conducted in 2012 by Hallström et al. aims to compare the outcome of 

mucositis treatment with or without the use of systemic antibiotics. They evaluated 48 

patients with mucositis, and after receiving mechanical debridement, half of them were 

given 500mg of azithromycin for four days, and the other half did not receive antibiotics. 

At six months follow-up, a decrease in probing depth was observed with no differences 
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between groups. However, concerning BOP, the control group achieved a more 

significant reduction than the test group, but these differences were not significant. There 

were also no differences in the composition of the bacterial flora between the two groups 

at six months. According to the results of this study, the use of systemic antibiotics does 

not help treat mucositis. (39) 

The results of the 2013 study is that the effectiveness of an antibiotic therapy for the 

treatment of periimplantitis remains questionable. (66)  

The combination of mechanical debridement with adjunctive local antibacterial cure may 

serve as a good choice for the remedy of peri-implantitis. Regarding the use of systemic 

antibiotics, broader studies are needed to evaluate their effectiveness. 

 

You can find in the Annexes 11.3 one a table that compares all the different studies. 

 

7.4 LASER-ASSITED THERAPY 

The term laser means "light amplification by stimulated emission of radiation". A laser 

can be defined and characterized as a device that produces electromagnetic radiation at a 

well-defined wavelength. Laser therapy present bactericidal and detoxification effects. 

The laser decontamination mechanism is based on their thermal effect, which propagates 

cell necrosis by denaturalizing proteins. (4) It presents some advantages: extremely low 

mechanical stress, no formation of a smear layer, and the removal of the epithelium lining 

and inflammation tissues present in the periodontal pocket. (77) It is a technique that 

requires lots of precision. This therapy leads to the reduction of periodontal pocket and 

bleeding on probing. We will list different studies that tried to demonstrate both their 

effectiveness in surface decontamination and the effects they could produce on the 

implant surface. (78) 



 39 

Nowadays, we have a big variety of lasers, such as CO2, Er: YAG, Nd: YAG, which are 

the most commonly used in dentistry. Studies explained that some lasers, due to their 

ineffectiveness in decreasing calculus, are only used as an adjunctive treatment to 

mechanical debridement. (79) 

We also have the diode laser that is a non-ablative instrument directly in contact with the 

implant surface and does not cause deformation, melting, or cracking the implant surface. 

(77) Due to its high melting temperature, this laser presents a bactericidal effect that was 

confirmed throughout an in vivo study using DNA probes that detect periodontal 

pathogens. (79) Indeed, his thermal effect reduces the chemical adhesion of bacteria, 

helping its removal by curette or ultrasonic devices. (79) The diode laser is also said to 

produce bio stimulation of fibroblasts and osteoblasts that drives significant collagen 

creation but also improves healing in smokers, in addition to mechanical therapy.  

In 2013, a case report was performed to demonstrate the 810-nm diode laser's 

effectiveness to treat a 7 mm pocket around an implant through a non-surgical therapy. 

The case of a 45 years -old male presents swelling, suppuration, and inflammation at one 

of his mandibular implant (Nobel Biocare). (Figure 18. a-b.) Due to the disease's 

extension, surgery was planned, but an emergency intervention was organized to decrease 

the pain and the inflammation using the 810-nm diode laser. (Figure 18.c.). The patient 

did not receive any anesthesia or systemic antibiotic for the treatment. The diode laser 

therapy was performed twice a year for three years, parallel with home care periodontal 

therapy (Figure 18.d.). We could observe a reduction of the probing depth from 7 to 3 

mm and the absence of bleeding on probing. Bone level improvement can also be 

observed on the five-year post-operative X-ray (Figure 18.e.). It is also important to 

underline that the patient did not present postoperative ache and shown high compliance 

to home care procedures. (77) 
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Kreisler et al., in an in vitro study, evaluated the damage that four types of laser can 

produce on various implant surfaces. They concluded that Nd: YAG and Ho: YAG lasers 

should not be used in the decontamination of implant surfaces due to the alterations and 

damage they produce, regardless of the power at which they are used. Concerning the 

CO2 and Er: YAG lasers, they concluded that they could be used by limiting their power. 

The GaAlAs laser has been considered relatively harmless about the possible alterations 

on the implant's surface. (78) 

In 2007, Deppe et al. highlighted, in an in vitro study, the efficacy of the CO2 laser in 

eliminating both aerobic and anaerobic bacteria. (80) 

Giannini et al. in 2006 carried out a study to evaluate the effects of the Nd: YAG laser on 

the implant, assessing its effects on the implant surface and its capacity for 

decontamination. These studies show that at 20 mJ with a 50 or 70 Hz repetition rate, no 

alterations are produced on the implant's surface. About the decontamination capacity, its 

effect was tested on two species: A. actinomycetemcomitans and E. coli; the results show 

that this type of laser achieves a significant reduction in the bacterial load. (81)  

We also have the Er: YAG laser that is the most usually utilized laser for the therapy of 

peri-implantitis and is characterized by a wavelength of 2940 nm; this particular 

wavelength allows maximum water absorption. This absorption capacity is 15 times 

higher than that of the CO2 laser and 2000 times higher than that of the Nd: YAG laser. 

(82) Studies have demonstrated the effectiveness of Er:YAG laser in the decontamination 

of bacterial biofilm without harming the implant surfaces. Its mechanism is based on a 

rise of internal pressure following calculus detection due to increased temperature and 

water vapor production. The effects of the rays on biological tissues are based on a so-

called "thermomechanical" tissue effect. The laser's wavelength (2940 nm) allows it to be 

absorbed by the tissues, and the water suddenly changes from liquid to vapor. This sudden 
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evaporation causes an increase in pressure and a micro-explosion for a short period, 

making it possible to eliminate hard tissue without thermal damage. (41) (42) 

This laser can cautiously eliminate, debride and degranulate calculus surrounding the 

implant surface. It is a good option for hard tissues. (27) The Er: YAG lasers are highly 

justified considering that they do not negatively impact the implant. Indeed, they do not 

overheat the surrounding tissues. (4) 

Schwarz et al. in 2005 carried out a clinical study to evaluate the effect of the Er: YAG 

laser in the treatment of peri-implantitis based on the clinical studies carried out by 

Schwarz himself for the treatment of periodontitis with Er: YAG laser and the 

experimental studies also carried out by the author on the effects of the laser on the surface 

of the implant. The study consisted of 20 patients with moderate to advanced peri-implant 

lesions on 32 implants. They were divided into two groups randomly assigned to two 

treatment modalities: one group was treated with Er: YAG laser with a conical glass fiber 

tip that allows entry into the peri-implant pocket; a second group received mechanical 

treatment with plastic curettes and irrigation with 0.2% chlorhexidine. The results at six 

months show a significant reduction in BOP for both groups, being significantly higher 

with the laser. Regarding probing depth, the reduction was significant for both groups but 

with no difference between them. (83)  

A pilot study, demonstrate the benefit of an Er:YAG laser in comparison to the 

mechanical debridement using plastic curettes and antiseptic therapy with CHX 

digluconate. Indeed, Er:YAG laser presented a bigger diminution of BOP than the 

mechanical debridement with CHX. But this laser presents some limitations, especially 

in case of advanced periimplantitis and its effectiveness seems to be limited to 6 months. 

(84) 
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In 2002, Kreisler et al. evaluated in an in vitro study the Er: YAG laser's bactericidal 

capacity on seventy-two titanium platelets three implant surfaces: sandblasted and acid-

etched, titanium plasma-blasted and hydroxyapatite-coated. The discs were incubated 

with Str. Sanguinis suspension and subjected to laser irradiation at 60 and 120 mJ. 

Compared to a control group, the results show a reduction in bacterial load of between 

98.3% and 99.94% for the different surfaces and treatment modalities studied. Therefore, 

even at low energy densities, the Er: YAG laser demonstrated a high bactericidal power 

in vitro without producing damage to the implant's surface.  (85) 

In 2011, Kim et al. carried out a study to evaluate the Er: YAG laser's effect on the 

surfaces of double acid-etched implants, using different levels of energy and application 

time. They recommend using the Er: YAG laser with less than 100 mJ/pulse parameters 

at 10 Hz and for less than two minutes to decontaminate this type of implant without 

producing surface alterations. (32) Another study also have demonstrated the limited 

power of this laser in comparison to the traditional mechanical treatment. (7) (86)  In 

2011, Schwarz failed to demonstrate the Er: YAG laser's qualities compared to manual 

debridement with plastic curettes and cleaning with saline solution. (34) 

In 2010, Renvert et al., for six months, compared the potency of the Er: YAG laser 

(Figure 19.) with an air-abrasive device (Figure 20.). A significant improvement in 

suppuration of probing can be observed from both groups. Concerning the BOP, the 

results are quite similar, with only 5% of differences. None of the implants in either group 

had a concrete conclusion. The clinical treatment effects were restricted and alike between 

the two systems. (1) (86) 
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A randomized controlled clinical trial compared the effect of the Er: YAG laser with a 

newly developed air-abrasive device. After six months, both systems presented a 

decreased in BOP and PD (0.8 mm for the Er: YAG laser and 0.9 mm for the air-abrasive 

device). (86) 

Persson et al. in 2011 conducted a clinical study to compare two non-surgical treatment 

modalities for peri-implantitis: Er: YAG laser compared to glycine abrasive spray 

(Figure 21.). Forty-two patients were divided into two groups randomly assigned to each 

treatment modality. Follow-up is performed to evaluate clinical changes and to obtain 

microbiological data. The reduction in probing depth at six months was 0.9 mm for the 

laser group and 0.8 mm for the abrasive spray. At 3 and 6 months, neither of the two 

treatments options succeeded in reducing the bacterial count and in some cases, an 

increase was observed. According to the authors, these in vivo results contradict those in 

vitro studies that demonstrated both the laser and the abrasive spray's ability to be 

effective in decontaminating the implant. (87) 
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Another type of laser with a low thermal effect is the Er, Cr, YSGG (WaterlaseTM), with 

a symbolizes enhancement over the Er: YAG's technical attributes and which 

undoubtedly has a bright future in this area. (4)  

Photodynamic therapy (PDT) is another option for non-surgical treatment of peri-

implantitis. Also, the combination of different types of low-intensity laser with 

photosensitizing substances such as eosin, toluidine or methylene blue has shown 

excellent results in in vitro studies for the inactivation of gram-positive and gram-negative 

periodontopathogenic bacteria. 

Haas et al. in 1997 conducted an in vitro study to evaluate the effect of PDT on different 

implant surfaces. Smooth-surfaced discs with different surface treatments are incubated 

with suspensions of A. actinomycetemcomitans, P. gingivalis and Prevetolla intermedia. 

The contaminated discs are treated with a toluidine blue solution and a 905 nm diode laser 

for one minute (Figure 22.). (77) The combined laser and photosensitising treatment 

achieved complete elimination of all bacteria, while in the control group that did not 

receive treatment, an increase in the number of bacteria was observed. (88) 
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In 2013, Deppe et al. also performed a study to evaluate the efficacy of photodynamic 

therapy (PDT) in the non-surgical treatment of peri-implantitis. In this case, patients are 

divided into two groups depending on whether the bone loss is more significant or less 

than 5 mm, but there is no control group. The treatment protocol was prophylaxis and 

irrigation with 0.2% chlorhexidine and, after two weeks, the application of PDT using a 

photosensitizing dye with methylene blue (Figure 23.). This PDT was performed using 

the medical hand-held battery-operator diode laser HELBO, operated in a continuous 

laser beam delivery mode (Figure 24.). A 6-month follow-up was carried out: at three 

months, there was a significant reduction in BOP and probing depth for both groups; 

however, at six months in the group with deep defects, this reduction was not maintained, 

and a slight increase in probing depth with a slight radiological bone loss was observed. 

In the group with moderate defects, at six months, the reduction in probing depth is 

maintained, and there are no signs of bone loss. The authors in their discussion consider 

that non-surgical treatment with PDT is an effective treatment to improve clinical 

parameters and stop bone loss in moderate defects, but not in cases of advanced peri-

implantitis. They argue on the one hand that by not doing a surgical treatment, we can 

control the disease without creating recessions and on the other hand that if peri-

implantitis is considered as a chronic disease that requires maintenance, PDT is a simple 

method to complement mechanical treatment in maintenance treatments. (89) 
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The laser-assisted therapy seems to be effective only in the short term, and there is 

insufficient confirmation on the predictability of laser therapy's potentially profitable 

outcomes in the nonsurgical treatment of periimplantitis, primarily if the laser treatment 

is performed alone. 

 

You can find in the Annexes 11.4 one a table that compares all the different studies. 
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8 CONCLUSION 

 

Concerning the treatment of peri-implantitis, there is no specific proof that demonstrates 

what the most effective therapy is. On the one hand, many trials have presented favorable 

short-term results. On the other hand,  disease perseverance, progression or recurrence 

were also reported. (1) A treatment planning that will completely eradicate peri-

implantitis has not been found yet. This situation is related to the lack of high-quality data 

about the potency of established therapy. Notwithstanding, there is some credit in the 

current method. (24) The success of the treatment is highly dependent on the detection 

and care of the disease, and prevention is the most reliable form of treatment. Nonsurgical 

treatment, combined with regular supportive care, leads to positive results and increases 

the implant survival rate; despite the unpredictable outcome of peri-implantitis. Routine 

check-ups and close monitoring of the treated implants is crucial to prevent relapse and 

recolonization by peri-odontopathogenic microorganism, in order for peri-implant tissues 

to heal. (24) (90) There is no conclusive confirmation proposing which could be the best 

interventions for managing peri-implantitis. (34) However, several studies have 

demonstrated the improvement of implant surface thanks to mechanical debridement, and 

this method appears to be very effective especially in mild cases of peri-implantitis (with 

pockets less than 3 mm). Nevertheless, it has some limitations. (36) Indeed, various 

authors do not recommend using metal curettes because of the alterations they can cause 

on the implant’s surface but also due to the fact that they can promote future plaque 

accumulation. (57) Non-metallic instruments such as plastic curettes and abrasive sprays 

cause minimal or no damage to the implant surface. Some new tips, such as one made of 

copper metal, have a bright future because they have extreme efficient in bacterial 

detoxification, but at the same time produce minimal harm to the implant surface. (37) 
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(56) Regarding the use of antiseptics as an adjuvant to mechanical debridement, studies 

conclude its inutility in resolving the disease; we can especially observe this fact for the 

studies conducted over chlorhexidine, where we can observe that the inflammation can 

be resolved with mechanical treatment without the need for antiseptic treatment. (58) (60) 

(61) Citric acid and hydrogen peroxide seem to be the best antiseptics because they 

significantly reduce the bacterial load. However, their extended administration presents 

some toxic effect in the long term but can also alter the implant quality. (25) (60) (62) 

Positive results have been observed with local antimicrobials such as minocycline 

microspheres or by local delivery of tetracycline, compared to systemic antibiotic 

ingestion to remedy peri-implantitis. (1) (39) (66) (69) (74) The use of lasers are 

becoming more and more common in contemporary practice, but remains controversial. 

Lasers could be used as an alternative or as an adjunctive remedy to conventional 

periodontal treatment. (79) It is considered a worthy option to detoxify and decrease the 

number of bacteria surrounding the implant and present a better postoperative recovery. 

According to some authors, laser treatments improve clinical parameters over six months, 

especially in moderate defects. The Er: YAG laser demonstrated many advantages, such 

as a high bactericidal power without damaging the implant's surface.  Oher types of lasers 

with a low thermal effect including the Er, Cr, YSGG (WaterlaseTM), which present 

technical attributes over the Er: YAG's undoubtedly have a bright future in this area. (4) 

(78) The non-surgical treatment presents some weaknesses, especially in advanced 

lesions, where surgical treatment might be the best option. (36) This study illustrates that 

peri-implantitis is a complex disease, and it requires frequent follow-ups as relapse is 

common. (24) More investigations are required with significant sample sizes and longer 

follow-ups to reinforce these outcomes and their long-term stability to optimize the results 

and provide more effective evidence-based approaches.  
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9 RESPONSIBILITY 

 
In our society, where life expectancy is increasing, living well becomes vital: chewing, 

smiling are essential elements for a good quality of life. Thus, for more than 25 years, 

dental implants have been used to treat partially or entirely edentulous subjects. They 

present a high rate of success over a long time. Peri-implantitis is considered as the 

leading cause of morbidity of an implant. Nowadays, we are confused and lacking clinical 

experience about the effectiveness of non-surgical treatment of peri-implantitis. 

Through this study, we evaluate several treatments, their effectiveness and limitations. 

Those recommendations will orientate us towards better management of this pathology. 

The current trajectory of human civilization is one that is concerned with environmental 

sustainability. This study aims to add to the significant body of research available to aid 

in improving human health. As Branemark, the father of implantology, says, "No one 

should die with their teeth sitting on a glass of water". 
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Peri-implantdiseases:Consensus
Report of the Sixth European
Workshop on Periodontology

Lindhe J, Meyle J. Peri-implant diseases: Consensus Report of the Sixth European
Workshop on Periodontology. J Clin Periodontol 2008; 35 (Suppl. 8):
282–285. doi: 10.1111/j.1600-051X.2008.01283.x

Abstract
Issues related to peri-implant disease were discussed. It was observed that the most
common lesions that occur, i.e. peri-implant mucositis and peri-implantitis are caused
by bacteria. While the lesion of peri-implant mucositis resides in the soft tissues, peri-
implantitis also affects the supporting bone. Peri-implant mucositis occurs in about
80% of subjects (50% of sites) restored with implants, and peri-implantitis in between
28% and 56% of subjects (12–40% of sites). A number of risk indicators were
identified including (i) poor oral hygiene, (ii) a history of periodontitis, (iii) diabetes
and (iv) smoking. It was concluded that the treatment of peri-implant disease must
include anti-infective measures. With respect to peri-implant mucositis, it appeared
that non-surgical mechanical therapy caused the reduction in inflammation (bleeding
on probing) but also that the adjunctive use of antimicrobial mouthrinses had a positive
effect. It was agreed that the outcome of non-surgical treatment of peri-implantitis was
unpredictable. The primary objective of surgical treatment in peri-implantitis is to get
access to the implant surface for debridement and decontamination in order to achieve
resolution of the inflammatory lesion. There was limited evidence that such treatment
with the adjunctive use of systemic antibiotics could resolve a number of peri-
implantitis lesions. There was no evidence that so-called regenerative procedures had
additional beneficial effects on treatment outcome.

Key words: Consensus report; diagnostics;
infectious diseases; non-surgical treatment;
peri-implant diseases; peri-implantitis; peri-
implant mucositis; prevalence; risk indicators;
surgical treatment
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Peri-implant diseases: diagnosis
and risk indicators

Heitz-Mayfield LJA. Peri-implant diseases: diagnosis and risk indicators. J Clin
Periodontol 2008; 35 (Suppl. 8): 292–304. doi: 10.1111/j.1600-051X.2008.01275.x

Abstract
Background: Peri-implant diseases include peri-implant mucositis, describing an
inflammatory lesion of the peri-implant mucosa, and peri-implantitis, which also
includes loss of supporting bone.
Methods: A literature search of the Medline database (Ovid), up to 21 January 2008
was carried out using a systematic approach, in order to review the evidence for
diagnosis and the risk indicators for peri-implant diseases.
Results: Experimental and clinical studies have identified various diagnostic criteria
including probing parameters, radiographic assessment and peri-implant crevicular
fluid and saliva analyses. Cross-sectional analyses have investigated potential risk
indicators for peri-implant disease including poor oral hygiene, smoking, history of
periodontitis, diabetes, genetic traits, alcohol consumption and implant surface. There
is evidence that probing using a light force (0.25 N) does not damage the peri-implant
tissues and that bleeding on probing (BOP) indicates presence of inflammation in the
peri-implant mucosa. The probing depth, the presence of BOP, and suppuration should
be assessed regularly for the diagnosis of peri-implant diseases. Radiographs are
required to evaluate supporting bone levels around implants. The review identified
strong evidence that poor oral hygiene, a history of periodontitis and cigarette
smoking, are risk indicators for peri-implant disease. Future prospective studies are
required to confirm these factors as true risk factors.

Key words: diagnosis; peri-implantitis; peri-
implant mucositis; review; risk factor
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Peri-implant disease following success-
ful integration of an endosseous implant
is the result of an imbalance between
bacterial load and host defence. Peri-
implant diseases may affect the peri-
implant mucosa only (peri-implant
mucositis) or also involve the support-
ing bone (peri-implantitis), (Zitzmann &
Berglundh 2008). Correct diagnosis of
peri-implant disease is critical for appro-
priate management of peri-implant dis-
ease. Bleeding on probing (BOP) is
always present with peri-implant
disease (Zitzmann & Berglundh 2008).
Other clinical signs of disease may

include suppuration, increased probing
depths relative to baseline, mucosal
recession, a draining sinus (fistula)
and peri-implant mucosal swelling/
hyperplasia. If undiagnosed, peri-
implant disease may lead to complete
loss of osseointegration and implant
loss.

This review excludes post-operative
complications and early implant loss. In
this paper, diagnostic parameters rele-
vant to peri-implant diseases are
reviewed with the aim of providing
guidelines for clinical practice and
future research. The review also aims
to identify potential risk factors asso-
ciated with peri-implant diseases.

Material and Methods
Search strategy

A literature search was performed of the
Medline database (Ovid) from 1 January

1950 to 21 January 2008. The search
strategy used included the terms ‘‘peri-
implantitis or peri-implant mucositis or
peri-implant disease$ or peri-implant
infection$ or peri-implant complica-
tion$ or peri-implant bone loss’’ OR
‘‘dental implant$ and diagnosis’’ OR
‘‘endosseous implant$ and diagnosis’’
OR ‘‘dental implant$ and risk’’ OR
‘‘endosseous implant$ and risk’’. The
search was limited to the English
language and resulted in 1113 articles.
Titles and abstracts were screened
and the full text of publications report-
ing on peri-implant diseases (peri-
implantitis or peri-implant mucositis)
were obtained (138). All levels of
evidence were included. Case reports
were included if 10 or more patients
were reported with a follow-up of
at least 6 months. In addition, the refer-
ence lists of review papers were hand
searched.
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In addition to conventional treatment modalities (mechanical and chemical), the use of 
lasers has been increasingly proposed for the treatment of periodontal and peri-implant 
infections (i.e., cleaning and detoxification of implant surfaces). Preliminary results from 
basic studies have pointed to the high potential of the Erbium-doped: Yttrium, Aluminum 
and Garnet (Er:YAG) laser. Furthermore, preliminary clinical data indicate that treatment 
with this kind of laser may positively influence peri-implant healing. The aim of this 
research update is to evaluate, based on the currently available evidence, the use of an 
Er:YAG laser for the treatment of peri-implant infections and to indicate its potential as a 
new treatment modality.
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Pathogenesis: correlation between 
periodonta l & peri-implant infections
The term periodontal disease in its strictest
sense refers to both gingivitis and
periodontitis [1]. Gingivitis is an inflammatory
condition of the soft tissues surrounding the
teeth and is a direct immune response to the
dental microbial plaque building up on teeth.
It is modified by several factors such as smok-
ing, certain drugs and hormonal changes that
occur in puberty and pregnancy [2]. Certain
drug therapies such as nifedipine and
cyclosporin can result in gingival overgrowth
in approximately 30% of individuals taking
these medications. Chronic gingivitis is com-
monly seen in individuals who refrain from
oral hygiene procedures for between 10 and
20 days [3]. Periodontitis follows gingivitis and
is also influenced by the individual’s immune
and inflammatory response. It is initiated by
microbial plaque; however, it occurs in only a
subset of the population. Periodontitis involves
the destruction of the supporting structures of
the teeth, including the periodontal ligament,
bone and soft tissues, which in turn may cause
tooth loss [1]. Similarly, the host response to
biofilm formation on the implant includes a
series of inflammatory reactions which initially

occur in the soft tissue but which may sub-
sequently progress and lead to loss of sup-
porting bone. Peri-implant mucositis is a term
used to describe reversible inflammatory reac-
tions in the mucosa adjacent to an implant.
Peri-implantitis is defined as an inflammatory
process that affects the tissues around an
osseointegrated implant in function and results
in loss of supporting alveolar bone [4]. The
prevalence of peri-implantitis in humans is dif-
ficult to estimate but may vary between 2 and
10% of all implants inserted [5,6]. Indeed, clin-
ical studies have demonstrated that peri-
implantitis may lead to implant failure and
loss. Recent findings from a multicenter study
including 159 patients and 558 implants
revealed that during the second and third year,
as many as 2% of the remaining implants
failed, and failure occurred more frequently in
subjects with a high degree of plaque accumu-
lation [7]. The response of the gingiva and
peri-implants mucosa to early and more long
standing periods of plaque formation was ana-
lyzed both in experimental animal [8,9] and
human studies [10]. During the course of the
study, it was observed that similar amounts of
plaque formed on the tooth and implant seg-
ments of the dog dentition. The composition

C O NTENTS

Pathogenesis: correlation 
between periodontal & 
peri-implant infections 

Potential use of lasers for 
periodontal treatment 

Potential use of lasers for the 
treatment of 
peri-implant infections 

Er:YAG laser device & fiber 
tip for nonsurgical irradiation 
of implant surfaces 

Influence on morphology & 
biocompatibility of 
titanium implants 

Detoxification effects on 
rough titanium surfaces 
in vitro 

Removal of plaque biofilms 
from rough titanium surfaces 

Nonsurgical treatment of 
peri-implantitis

Expert opinion 

Five-year view 

Key issues

References 

Affiliations 

For reprint orders, ple ase conta ct reprints@future-drugs.com

Ex
pe

rt 
R

ev
ie

w
 o

f M
ed

ic
al

 D
ev

ic
es

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f Q
ue

en
sl

an
d 

on
 0

2/
02

/1
5

Fo
r p

er
so

na
l u

se
 o

nl
y.



 152 



 153 



 154 



 155 



 156 



 157 



 158 



 159 
 


