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ABSTRACT 
 

Aims: The aim of this study is to review the existing literature and evaluate the clinical performance 
of the EmunDo technique. 
Methodology: The present study was designed as a literature review of the existing publications. 
The search strategy included an electronic search of studies published until February 2022 and a 
hand search by two different investigators. Search terms were a combination of the appropriate 
Medical Subject Headings (MeSH) terms and free-text words in simple or multiple conjunctions. 
Results: Of the 34 full-text articles examined, only 3 met all the inclusion criteria and were included 
in the final analysis. Photodynamic therapy with toluidine blue (630nm) and photothermal therapy 
(EmunDo) with infracyanine green resulted in similar rates of A. actinomycetemcomitans decrease 
while the use of Er:YAG laser resulted in the smallest reduction of the microbial population. No 
alteration on the surface of the implants was observed. The EmunDo protocol resulted in significant 
higher reduction of A. Actinomycetemcomitans, T. Forsythia, P. Gingivalis. 
Conclusion: EmunDo treatment protocol seems to have favorable results in the microbial 
reduction in cases of peri-implantitis, especially in the treatment of early stages. However, due to 
the limitations of the existing literature, further research is required for establishing the treatment 
protocol and exceeding the current restrictions. 
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1. INTRODUCTION 
 
“Dental implants have been widely used in the 
last decades for the rehabilitation of partial or 
complete edentulism. Although they have a high 
survival rate, there are cases that complications 
need to be managed. The most common 
complication involves inflammation of bacterial 
aetiology of the peri-implant soft and hard tissue, 
often described as peri-implant mucositis or peri-
implantitis. Clinical signs of peri-implant 
mucositis include redness in the peri-implant 
tissues, oedema and bleeding and/or 
suppuration on probing while in peri-implantitis 
cases loss of alveolar bone support is observed 
either clinically or radiographically” [1].  
 
“However, peri-implant health can also exist in 
implants with reduced bone support after the 
treatment of peri-implantitis.  Albrektsson et al 
were the first to describe the correlation between 
microbial biofilm and peri-implant diseases” [2]. 
Salvi et al estimated “in their study the 
prevalence of peri-implant diseases, proving thus 
the high probability that an implant may need 
peri-implant mucositis or even periimplantitis 
treatment in a period of time after placement.

3
 

Peri-implant mucositis was estimated to have a 
mean prevalence rate of 43% (range: 19-65%) 
while peri-implantitis 22% (range: 1-47%)” [3]. 
There have been several factors reported in the 
literature for the development of peri-implant 
diseases [4,5].  
 
“Genetical factors is proved to determine the 
extent and severity of the inflammatory response 
while the history of periodontal disease, smoking, 
diabetes mellitus, the presence of excess cement 
in the peri-implant tissues (in cement-retained 
restorations), as well as the presence of 
cardiovascular disease are other factors that 
seem to have a potentially negative effect on 
peri-implantitis”.

5
 “For the treatment of peri-

implant diseases various approaches have been 
proposed. Management could be surgical or non-
surgical, regenerative or resective” [6].  
 
“Apart from the mechanical removal of the 
microbial agent using ultrasounds, manual 
scalers or air-polishing without raising a flap, 
additional methods include the use of antibiotics 
or antiseptics, the mechanical or chemical 
alteration of implant surfaces, as well as the use 
of dental lasers” [6,7]. “Νeodymium lasers 
(Nd:YAG, Neodymium-Doped Yttrium Aluminum 

Garnet, 1064 nm), Erbium lasers (Er:YAG, 
Erbium Yttrium Aluminum Garnet, 2940 nm και 
Er,Cr:YSGG, Erbium, Chromium-Doped Yttrium 
Scandium Gallium Garnet, 2780 nm), Carbon 
Dioxide lasers (CO2, Carbon Dioxide, 10600 
nm), as well as diode lasers (810, 940, 980, 1064 
nm) have been investigated” [8-10]. “The 
effectiveness of these lasers relies on their 
potent antibacterial effect, the elimination of 
bacterial toxins, the disinfection of the peri-
implant pocket, the activation of hemostasis, the 
improvement and acceleration of the healing 
process through biostimulation, as well as the 
reduction of bacteremia” [11,12].  
 
This photodynamic therapeutical procedure is a 
promising approach against peri-implant 
diseases as it ensures the disinfection and the 
microbial, viral and mycotic population reduction 
in the oral cavity [13]. For the execution of this 
therapeutic protocol the local application of a 
photosensitiser with high binding affinity and fast 
accumulation ability at the target cells is needed 
[14]. “The most popular photosensitisers are 
Methylene Blue (7-(dimethylamino)phenothiazin-
3-ylidene-dimethylazanium; chloride) and 
Toluidine Blue O (7-amino-8-methylphenothiazin-
3-ylidene-dimethylazanium; chloride) with their 
activation being either with dental lasers or LED 
light bulbs” [13]. 
  
In the last years another photodynamic approach 
is developed enhancing more promising results 
[15]. The so called EmunDo protocol is a 
photothermal treatment that uses infracyanine 
green as a ptotosensitiser activated by a diode 
laser at a wavelength of 810 nm [16-19]. 
Although it is a relative new treatment protocol, 
the results appear to be promising for the 
treatment of peri-implantitis in the short term and 
for the survival of the implant in the long term.  
 
The aim of this study is to review the existing 
literature and evaluate the clinical performance of 
the EmunDo technique. 
 

2. MATERIALS AND METHODS 
 
The present study was designed as a literature 
review of the existing publications. The search 
strategy included an electronic search of studies 
published until February 2022 and a hand search 
by two different investigators. Search terms were 
a combination of the appropriate Medical Subject 
Headings (MeSH) terms and free-text words in 
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simple or multiple conjunctions and were 
grouped as followed (peri-implantitis OR 
periimplantitis) AND (EmunDo OR indocyanine 
OR photothermal OR photodynamic OR ICG). 
 
 Additional to the subject headings criteria, the 
following inclusion criteria were also applied. 
Studies had to be in English language and 
focusing exclusively on the EmunDo protocol 
applied on implants. Reviews or meta-analyses, 
experimental model studies, studies in language 
other than English, and studies that described 
photodynamic treatment protocols with laser type 
or parameters that were different from those of 
the EmunDo protocol, were excluded. The final 
qualitative assessment was executed individually 
by the two researchers and only the studies that 
were selected by both researchers at the first 
screening or after consensus were used for the 
final analysis. 
 

3. RESULTS 
 
A search of MEDLINE (PubMed) identified 140 
articles. After title and abstract screening, 37 
articles were excluded for not meeting the 
inclusion criteria or because the data could not 
be extracted and 103 articles provided sufficient 
information. At abstract level screening 69 
articles did not meet the researchers’ criteria and 
were excluded. A full report of the remaining 34 
articles was then obtained, and full screening 
followed. Of the 34 full-text articles examined, 
only 3 met all the inclusion criteria and were 
included in the final analysis. One double blinded 
randomized clinical trial and two in vitro studies 
provided adequate data following strictly the 
guidelines of the EmunDo protocol.  
 
“The first study was an in vitro study on the 
irradiation of implant surfaces covered by a A. 
actinomycetemcomitans biofilm” [20]. “The 
implants that had been included were implants 
with an SLA (sand-blatched, acid-etched) 
surface. Photodynamic therapy with toluidine 
blue (630 nm) and photothermal therapy 
(EmunDo) with infracyanine green resulted in 
similar rates of A. actinomycetemcomitans 
decrease while the use of Er:YAG laser resulted 
in the smallest reduction of the microbial 
population” [20]. No alteration on the surface of 
the implants was observed as reported in the 
second included in vitro study of Saffarpour et al. 
[20].  
 
“In the in vivo study all patients received a 
mechanical debridement of the implant surface 

with titanium scalers and air polishing devices 
with sodium bicarbonate before photodynamic 
treatment. The EmunDo protocol resulted in 
significant higher reduction of A. 
actinomycetemcomitans, T. forsythia, P. 
gingivalis” [21-24]. In terms of bleeding on 
probing (P < 0.001), probing pocket depth (PPD) 
(P = 0.006) and modified plaque index (P < 
0.001), no significant differences between the 
investigated groups was observed. 
 

4. DISCUSSION 
 
As the microbial removal from the implant 
surface and peri-implant pockets is crucial for the 
successful healing of peri-implant tissues and 
mechanical and chemical debridement that is 
widely used does not ensure the complete 
elimination of that microbial load from peri-
implant tissues and implant surfaces, 
photodynamic treatment is proved to have a 
positive effect on the treatment of peri-implantitis. 
Moreover, the need for less invasive treatment 
methods with lower patient morbidity and less 
damage caused on the implant surface during 
the surgical procedure appears to be another 
major reason for the clinical application and the 
further development and research in the field of 
photodynamic laser therapy. 
 
 Among the existing photodynamic therapeutic 
options, the EmunDo treatment protocol seems 
to have promising and even better results in the 
microbial reduction in the treatment of peri-
implantitis. It has been reported the beneficial 
effect against various strains such as P. 
gingivalis, streptococcus mutans and 
lactobacillus. However, the existing literature 
remains limited. Regarding the local or systemic 
use of antibiotics, the administration of different 
antibiotics is needed. However, they cannot 
reach highly effective doses within the peri-
implant environment [25,26]. Not to mention the 
adverse effects that may cause patients with 
sensitivity and the development of antibiotic-
resistant strains.  
 
It becomes evident that techniques such as 
photodynamic and photothermal therapy offer 
promising solutions for the treatment of peri-
implant diseases, even more when they are used 
adjacent to traditional therapeutic procedures 
and in combination with antibiotics or local use of 
chlorhexidine. The use of low-level lasers that 
cause minimal or no thermal damage to the 
adjacent healthy tissues or implant surfaces 
compared to high power lasers, is gaining ground 
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in the treatment of peri-implantitis. According to 
the included studies photothermal therapy with 
the use of infracyanine green appears to have an 
effect on the reduction of the bacteria that are 
involved in peri-implant diseases, as well as 
towards improving the clinical parameters in the 
short run, while at the same time not causing 
damage to the implant surface.  
 
The significant improvement of the clinical 
parameters and bone background shows that in 
cases of early peri-implantitis, this technique 
appears to be particularly effective. Among the 
limitations of the EmunDo protocol is the high 
cost for the clinician to obtain the equipment 
needed and the lack of enough controlled clinical 
trials that evaluate the effectiveness of this 
technique in combination with other peri-
implantitis treatment options and in cases of 
different disease severity followed up overtime. 

 
5. CONCLUSION 
 
EmunDo treatment protocol seems to have 
favorable results in the microbial reduction in 
cases of peri-implantitis, especially in the 
treatment of early stages. However, due to the 
limitations of the existing literature, further 
research is required for establishing the 
treatment protocol and exceeding the current 
restrictions. 
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