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ABBREVIATIONS USED IN THE TEXT: 

 

 Abbreviations:  

1. BAS - Bulgarian Academy of Sciences  

2. PDD - Pocket depth when drilling 

3. IR - Infrared 

4. PD- Bleeding during probing  

5. MFA - maxillofacial area 

6. MO - Microorganisms 

7. LELR-Low energy laser radiation 

8. DTR -directed tissue regeneration  

9. PI - Periimplantitis  

10. PM - Periimplant mycosis  

11. SEM- Scanning electron microscope  

12. C - Concentration  

13. CO2- laser - carbon dioxide laser  

14. CP - commercially pure form of titanium 

15. D-diameter  

16. Er:YAG- erbium: yttrium-aluminum garnet laser 

17. Er, Gr: YSGG- erbium, chromium: YSGG (Y₃Sc₂Ga₃O₁₂) laser  

18. IME - internal mobile element 

19. IMZ - cylindrical implant  

20. ITI - international team in implantology  

21. L-length  

22. LDL - Low density lipoprotein  

23. LPS- lipopolysaccharides  

24. MR - megapixels  



 

5 

 

25. Nd: YAG - neodymium: yttrium - aluminum garnet laser 

26. PCR - polymerase chain reaction 

27. PGE2- prostaglandin E2  

28. SLA - implant surface treated with sandblasting with large particles 

and acid etching  

29. TCP-tricalcium phosphate  

30. TGF-β1 - transforming growth factor - beta1  

31. TiO2- titanium dioxide  

32. Ti6Al4V-titanium alloy containing 90% titanium, 6% aluminum and 

4% vanadium  

 

 

 

ABBREVIATIONS USED IN THE TABLES: 

 

X  - average value 

XS - standard deviation 

Xs
 - standard error 

Min - minimum set value 

Max - maximum set value 

p – minimum level of statistical significance
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I.Introduction  

Periimplantitis is one of the prerequisites for clinical failures in 

repairing defects of the dental rows and is the cause of loss of 16-20% of 

osteointegration implants. The compromised results are related to general 

and local complex-causal factors. In the first group, the leading importance 

is given to uncontrolled and decompensated type I and II diabetes mellitus, 

impaired fatty metabolism and insuffication of vitamin D. Elevated LDL- 

lipoprotein levels above 1.40 mmol/l determine relativative tissue hypoxia, 

which leads to bone destruction and impaired osteointegration. 

Hypovitaminosis D (blood levels <75 mmol/l) disrupts calcium metabolism 

and leads to a decrease in total and local immunity, which determines 

decreased resistance to infections. To the second group are: insufficient 

volume of anatomical structures, non-compliance with surgical protocol, 

poor proteo planning and load, the way the superstructure is connected to 

the implant platform, the width of the biological space, poor oral hygiene. 

The lack of unambiguousness in the potential causes of therapeutic failure 

makes this disease a major challenge in dental implantology. Efforts are 

aimed at finding more effective methods of treatment. 

Modern notions of an adequate therapeutic protocol in the treatment 

of periimplantitis are invariably associated with the use of ER:YAG lasers. 

Their application in dental medicine is based on their unique wavelength 

(2940 nm) with a peak of absorption in water and hydroxylapatit. Thanks to 

this property ER :YAG lasers are used with equal success in processing 

hard and soft tissues and are used in the therapy of inflamed periimplant 

sections. Their application in periodontology is reduced to incision and 

ablation of soft and hard tissues, subgingival curettage and bacterial 

elimination.There are modern studies on the action of Er:YAG laser on 
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titanium implants, without clear evidence of unquestionable advantages 

over conventional cleaning and decontamination of metal surfaces. Data on 

the antibacterial and antiinflammatory action of a laser beam with a 

wavelength of 2940 nm are constantly increased and updated. For the long-

term success of dental implants, it is important to define the factors leading 

to the destruction of the maintenance bone and to provide a healing concept 

that can prevent this process and even encourage the periodontologist to 

regenerate tissue loss. 

The dissertation work provides for the application of an Er:YAG laser 

in the treatment of periimplantitis and as part of the therapeutic protocol. 

Laser radiation is characterized by unique physical parameters, a fact that 

implies laser decontamination and debridman significantly different from 

those in conventional therapy. The healing procedure is performed 

contactlessly in a defocused mode, without modification and damage to the 

rough and micropors titanium surface.The scientifically justified application 

of laser-assisted therapy would provide predictability in the next stages and 

would be a prerequisite for a favorable outcome of treatment. 

II. Purpose and tasks 

 

The purpuse of this dissertation is to examine ER: YAG laser-assisted 

therapy of periimplantitis by experimental, laboratory and clinical 

methods. 

In implementation of the formulated goal the following TASKS were 

set: 

    1. Task. To conduct a scanning electron microscopic examination and  

comparative analysis of the structural changes on the titanium surface after 

treatment with ER: YAG and diode lasers. 
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   2. Task. To study the changes in temperature in and around the implant 

during laser irradiation with ER: YAG, CO2 and diode lasers. This task is 

divided into two subtasks. 

   2.1. Subtask. The research is performed with the help of an interface 

integrated digital system with thermocouples. 

   2.2. Subtask. Study of real-time temperature changes using an infrared 

thermal camera. 

   3. Task. Study of the decontaminating ability of Er: YAG laser on 

periodontopathogenic microorganisms. 

 3.1. Subtask. Determination of major periodontal pathogens from the 

periimplant pocket of patients by Real-time PCR reaction. 

   3.2. Subtask. Study the decontaminating effectiveness of Er: YAG laser 

and ultrasonic device with Teflon tip, verified by electron microscope. 

    4. Task. Clinical efficacy study of Er: YAG laser in laser-assisted therapy 

of periimplantitis.  
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III. Tasks 

Task 1   

     Study of structural changes on the titanium surface after treatment 

with Er: YAG and diode laser. 

1.1. Material and methods 
 

1.1.1. Dental implants 
 

Eleven titanium implants manufactured by Alpha Bio Tec®, Israel, 

model DFI, size L 13 mm, D 3.75 mm were used for the study. Five of 

them underwent ER: YAG laser instrumentation, five diode laser 

treatments and one untreated implant were used for control. 

1.1.2. ER:YAG laser instrumentation 
 

Five implants were irradiated with ER: YAG laser (Lite Touch, 

Syneron Dental, Israel) with parameters 150 mJ / 45 Hz / 6.8 W with water 

cooling for 30 sec. A cylindrical tip of the macrotype (1300 µm section 

diameter) was used, which moves continuously at an angle of about 15–20˚ 

to the implant surface non-contact at a distance of about 3 mm with a 

duration of 1 min. One untreated surface was used for control. (Figure 1) 



 

10 

 

1.1.3. Diode laser instrumentation 

Five implants were irradiated with a diode laser (Lite Medics, Italy) with a 

wavelength of 980 nm and laser radiation parameters of 0.75 W, peak 2.50 W. The 

movement of the fiber is also at an angle of 15-20. 

One untreated surface was used for control. (Figure 1) Changes on the 

surface were observed under a scanning electron microscope. 

 

  
Figure 1. Instrumentation of the titanium surface with a diode laser. 

 

1.1.4. Scanning electron microscope study 

 

The study of morphological changes was performed using a scanning 

electron microscope with the help of an associate at the Central Laboratory of 

Mineralogy and Crystallography "Acad. Ivan Kostov ”(CLMC) - BAS, Sofia, 

Bulgaria. 

 

Preparation for SЕМ: 
 

The preparation of metal surfaces for SEM testing due to lack of organic 

matter does not involve a stay in Na-cocodylate buffer solution, nor dehydration 

of the samples in an "alcohol battery" (50% ethanol to 100% absolute ethanol in 

ascending series). 

After completion of the laser procedure, the samples are dried by the 

"Critical Point Drier (CPD)" method in a desiccator for 24 hours. Additional 

metallization of the samples is performed by cathodic sputtering and covering 

them with a 200-250 nm gold layer. 
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Scanning electron microscopy of laser-treated implants was performed with 

a scanning electron microscope (Philips, Holand) with gradually increasing 

magnification (up to x 4000). A total of 20 scans were made, according to which 

a structural qualitative characteristic of the changes on the implant surface was 

made. 

1.2. Results and discussion 

Given the statistical characteristics of the volume and type of the analyzed 

variables, the statistical method of Nonparametric T analysis for two variables was 

used. 

Statistical analysis 
 

Тable 1. Statistical analysis of the survey data 
 

 

Parameters of the laser 
procedure 

Registered melting zones in 1 

mm
2

 

Registered cracks in 1 mm
2

 

Diode 0,75 W, Peak 2,50 W 0.12Q 0.07 0.51Q 0.30 

ER:YAG 6,80 W; 150 mJ; 45 

 

Hz 

0.0 0.0 

 
 

Unpaired t test, N=20   

P value P<0.0002 

P value summary *** 

Are means signif. different? 

 

(P < 0.05) 

Yes 

One- or two-tailed P value? Two-tailed 

How big is the difference? Registered melting zones in 1 mm
2

 

Mean ± SEM    Diode 0,75 W 0.118 ± 0.065     N=20 

Mean ± SEM  ER:YAG 6,80 W 0.010 ± 0.002     N=20 

The scans revealed changes in the titanium implant surface at different 

magnification after treatment with ER: YAG and diode laser. 
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     At 1x 8 magnification, the lesions after diode laser irradiation, expressed in 

melting zones and cracks, are clearly observed, which clearly shows a 

modification of the titanium microporous structure. 

       When treating the surface with an ER: YAG laser, there are no changes in this 

magnification. The intact macrostructure with preserved homogeneous surface in 

the area of the grooves and the threads of the implant in the area of impact can be 

seen (Figure 2). 

 А  B 

 

Figure 2. A, Scenogram after irradiation with diode laser (0.75 W, Peak 2.50 W); 1x8 

magnification with 5 melting zones and 21 cracks in the impact zone; B, with ER: YAG 

laser (6.80 W; 150 mJ; 45 Hz); uvel. 1x8. There are no visible zones of melting and 

cracking in the area of impact. 

 

At higher magnifications 1x 250 and 1x 500, changes in the porous 

microstructure of the implant can be observed in detail. An extensive melting 

zone with smoothing and cracking of the surface after irradiation with a diode 

laser is well visualized and there are no structural changes in the ER: YAG laser 

(Figure 3). 
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                                                                           А                                                                         B 

 

Figure 3. A, Implant surface after diode laser treatment (0.75 W, Peak 2.50 W); 

1x250 magnification. 1 melting zone and 17 cracks in the impact zone were detected - 

significant damage to the microstructure; B, after ER: YAG laser (6.80 W; 150 mJ; 

45 Hz); uvel.1x250. There are no visible areas of melting and cracking  

- slight modification without change in the porous structure. 

 

 

А      B 
 

 
 

Figure 4. A ,  Sur fa ce  a f t e r  d i od e  la s er  t r ea t m en t  (0 . 75  W,  P ea k  2 . 50  W);  

1 x50 0  m ag n i f i ca t i on .  7  zo n es  o f  m e l t i n g  a nd  1  c ra ck  in  t h e  z on e  o f  

i m pa c t  w er e  fo un d  -  s i gn i f i ca n t  d am age  to  t h e  mi cr os t ru c t ur e .  B ,  a f t e r  

E R :  Y A G la s er  i r rad ia t io n  (6 . 80  W ;  1 50  m J;  4 5  H z ) ;  m agn i f i ca t i on  

1 x50 0 .  1  z on e  o f  s ur fa ce  m e l t i n g  an d  1  c ra ck  a re  f ou nd .   
 

 

At the ultrastructural level, surface changes in the impact zones can be 

observed and compared in detail with the two lasers. 
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     Clinically, primary and secondary implant stability are critical to success. The 

primary stability achieved during surgical placement depends on the geometry 

(macrostructure) as well as the quality and quantity of the available fixation bone 

in which the implant is placed. The secondary stability achieved over time with 

treatment depends on the surface of the implant (microstructure), and also on the 

quality and quantity of the adjacent bone, which will determine the percentage of 

contact between the implant and the bone (Barewal RM, et al., 2003) (Glauser R, 

Schupbach P, et al., 2005) (Scarano A, et al., 2006) (Trisi P, et al., 2002). The 

characteristics of the implant surface have a positive effect on the healing process 

(Buser D, Broggoni N, et al., 2004) (Kawahara H, Kawahara D, et al., 1998) 

(Nanci A, et al., 1998) (Quirynen M, De Soete M, van Steenberghe D, 2002). 

Accordingly, the modification of the surface characteristics of implants has 

been a major area of research interest and development over the last 15-20 

years. Modifications of surface energy, chemical composition, and surface 

topography are known to affect cellular activity and tissue responses leading to 

increased osteogenesis (Boyan BD, et al., 1996) (Buser D, Schenk RK, et al., 

1997) ( Mendonca G, et al., 2008) (Mombelli A, Nyman S, et al., 1995). At 

molecular level, the modified surfaces of the implants increase the adsorption of 

serum proteins, mineral ions and cytokines, which subsequently stimulate cell 

migration and attachment (Branemark PI, 1983) (Dahl G, 1943) (Fransson, C., 

Lekholm, U., et. al., 2005). Implant surface characteristics can also help 

preserve fibrin clots, thus providing a migratory pathway for osteogenic cell 

differentiation to reach the implant surface (Davies JE, 1998) (Davies JE, 2003) 

(Raghavendra S, Wood). MC, Taylor TD, 2005). Today, implants are treated 

with a variety of technologies to modify their surface characteristics (micro- or 

nanoscale) to improve bone formation. 

Any change in the titanium structure would lead to differences in surface 

characteristics, which in turn would disrupt the processes of osseointegration and 

reosteointegration. Maximum cleaning, decontamination and detoxification of the 
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implant surface is a prerequisite for the treatment of PI. At the same time, the 

surface should, if possible, remain intact or minimally modified, with the closest 

possible factory characteristics, in order to ensure the biological and molecular 

process of bone formation in close contact with the implant. This proves to be an 

extremely difficult task for modern clinicians. From the studies performed with 

SEM, it can be concluded that the ER: YAG laser fully satisfies these 

requirements. 

1.3.Conclusions 

 

 
 

1.3.1. The observed surface areas of resolidification and cracks obtained by 

diode laser treatment create major problems for the tissue-integrating abilities of 

tissues, as the anodized surface of the implant due to laser energy disrupts the 

titanium oxide layer, which contributes to secondary stabilization. 

1.3.2. The energy values of the laser treatment must be in defocused mode, 

low energy and always under water cooling in order to avoid surface changes 

due to the high temperature.  

 

Task 2. 

Study of temperature changes in and around implants during laser 

irradiation with Er: YAG laser. 

2.1. Subtask 

 Study of temperature changes using a thermal camera. 
 

2.1.1. Material and methods 

2.1.1.1. Intraosal screw implants. 
 

Titanium implant manufactured by Alpha Bio Tec®, Israel. DFI model 

implants, size L 13 mm, D 3.75 mm were used. 
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2.1.1.2. Thermal camera. 
 

Infrared thermal camera FlirT620 (Sweden) with a temperature resolution of 

0.06 ° C. High temperature sensitivity (N.E.T.D.) - ˂ 0.04°С@30°С. 

Temperature range: -40 ° F to 1202 ° F (-40 ° C to 650 ° C) with an accuracy of 

± 2% or 2 ° C. Infrared resolution 640x480 pixels (307, 200 pixels). 

2.1.1.3. Three-dimensional stand 
 

For the purpose of the research, an original three-dimensional multi-joint 

stand was created. It has a terminal attachment for gripping the tip of the laser 

device. Its design allows orientation of the working type in different directions in 

the three spatial directions. This allows the laser irradiation of a specific object to 

take place from a distance. 

2.1.1.4. Measuring Equipment 
 

A calibrated electronic caliper was used to correctly fix the distance between 

the implant body and the laser irradiation source. 

2.1.1.5. Laser equipment 
 

The following equipment was used for the present study: 
 

Er: YAG laser (Lite Touch, Syneron, Israel) with the following specification: 

Wavelength 2940 nm; The pulse energy was determined by four factory modes 

of the device, respectively: 

Calculus removal with values - 1,5 W; 50mJ; 50 Hz; 

Bone Remodeling (BR)-7,5 W; 300 mJ; 25 Hz; 

Granulation tissue ablation (GTA)- 6,8 W; 400 mJ; 17 Hz ; 

Periodontal Pocket Debridment (PPD)- 1,5 W; 50 mJ; 30 Hz. 

2.1.1.6. V i s u a l i z a t i o n  o f  t e m p e r a t u r e  c h a n g e s  u s i n g  a n  

i n f r a r e d  t h e r m a l  c a m e r a .  

A screw intraosseous titanium implant was fixed in a silicone block formed 

of impression material and placed in a metal tray. With the help of the multi-arm 

tripod, the handle of the laser device is fixed and its tip is directed at an angle of 
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15 ÷ 20˚ to the implant surface. The distance between the tip of the type and the 

titanium surface of 1, 3 and 5 mm, respectively, was correctly measured with the 

electronic caliper in the various measurements. The thermal camera is fixed to a 

factory tripod and directed so that the examined setting can be visualized on the 

screen. 

The laser device was activated remotely with the help of the pedal and the 

changes in the temperature spectrum of the implant body were observed and 

recorded in real time (Figure 5). 

А            B 
 

F i g u r e  5 . T h e r m a l  c a m e r a  e x a m i n a t i o n .  A ,  F i x i n g  t h e  

d i s t a n c e  b e t w e e n  t h e  t i p  a n d  t h e  i m p l a n t .  B ,  R e a l - t i m e  

r e c o r d i n g  o f  t e m p e r a t u r e  c h a n g e s .  

2.1.2.Results 
 

Temperature values when working with ER: YAG laser were obtained by 

means of thermocouples at the closest possible to the natural conditions in the 

oral cavity. This necessitated the verification of the data using an infrared 

thermal camera model Flir T620. To confirm the data, four factory operating 

modes were used, which are required for laser-assisted therapy of PI - Calculus 

removal (CR); Bone remodeling (BR); Granulation tissue ablation (GTA) and 

Periodontal pocket debridment (PPD). Photographs were obtained with a spectral 

distribution of body temperature and the inside of the titanium implant at a 

certain distance, at the tip of the tip (3mm) for the duration of the laser emission, 

respectively, in the first, second and third minutes. 
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Figure 6. T h e r m o g r a p h i c  r e c o r d i n g  o f  t h e  t e m p e r a t u r e  f i e l d  a t  t h e  1 s t ,  

2 n d  a n d  3 r d  m i n u t e  i n  E r  m o d e :  Y A G  l a s e r  C R  [ 1 . 5  W ;  5 0  m J ;  1 5 H z ]  

a t  a  d i s t a n c e  o f  1  m m

 
 

The thermograms visualize the temperature range at different exposure times. 

The color scale shows the temperature values depending on the color of the object 

(implant), which in this case is verified in yellow and shows a value between  

28-29 ° C. 

       The analysis of the obtained data revealed a statistically insignificant difference 

in the different energies and duration (p> 0.05). 

 

The thermograms visualize the temperature range at different exposure 

times. The color scale shows the temperature values depending on the color of 

the object (implant), which in this case is verified in yellow and shows a value 

between 28-33 ° C. 

The analysis of the obtained data revealed a statistically insignificant 

difference in the different energies and duration (p> 0.05). 

 

Figure 7. Thermographic  record ing  o f  t he  t emperature  f i e ld  a t  t he  1s t ,  

2nd  and 3rd  minute  i n  Er  mode:  YAG laser  CR [1 .5  W;  50  mJ;  15Hz]  a t  a  

d i s tance  o f  5  mm  
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The thermograms visualize the temperature range at different exposure 

times. The color scale shows the temperature values depending on the color of the 

object (implant), which in this case is visualized in yellow and shows a value 

between 28-29 ° C. 

The analysis of the obtained data revealed a statistically insignificant 

difference in the different energies and duration (p> 0.05).
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2.1.3. Discussion 

The interaction between the laser light and the metal surfaces is mainly 

determined by the degree of absorption and reflection. Each metal has a certain 

reflectivity, which depends on the specific wavelength of the laser. The 

reflection coefficient for titanium in the Er: YAG laser is 71% and increases to 

96% for CO2 [57]. 

In the interaction of laser radiation with matter, the main processes are 

reflection, transmission, absorption and scattering. According to the Law on 

Storage in Material or Biological Environment, energy is numerically equal to 

the difference between emitted laser energy and its components (reflected, 

transmitted and scattered), generated as a result of interaction of the radiant 

electromagnetic flux with the substance. The absorbed energy leads to 

frequency-dependent processes of fluorescence, photothermal and thermal 

effects. Due to the extremely low permeability and deep absorption, the focus is 

mainly on the reflectivity of the titanium implant. It turns out to be extremely 

important for the observed thermal effects and explains at first sight the poor 

absorption of infrared (thermal) laser radiation, both in the volume of the implant 

and in the adjacent tissue (Nachkov Iv et al., 2018). The measurement of thermal 

effects during laser exposure in therapeutic procedures in MFA is a key point for 

the outcome and prognosis of treatment in the long run. 

There are two main methods for determining the temperature changes in 

biological tissues - through a thermometric system with thermocouples and 

through an infrared thermal chamber. 

Many researchers have tried to measure the heat produced during 

osteotomy using devices such as thermocouples and thermal imagers. According 

to Rugova and col., cells with a higher temperature have a reduced capacity for 

mineralization. They also determine that thermocouples are the ideal device for 

measuring heat during osteotomy in the preparation of the implant bed. 
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The two devices for measuring the temperature of a standardized 

engineering matrix are set. The difference in reading the results of the two 

devices is taken into account. Heated osteosarcoma cells to ≥47 ° C have a 

significant effect on cell growth and activity, therefore high temperatures should 

be avoided during preparation for implantation. In order to properly assess the 

heat obtained during an in vitro osteotomy, the thermal imager is the preferred 

device for obtaining temperature data. 

The thermocouple is generally more strongly influenced by the 

environment and must be completely immersed and in appropriate contact with 

the medium in which the temperature is measured. 

From an energy point of view, only three types of infrared lasers are 

suitable for treatment procedures in implantology: CO2 (carbon dioxide), diode 

and Er: YAG (erbium: yttrium-aluminum garnet) due to their specific 

interaction with the titanium implant. (Schwarz F, Rothamel D, et al, 2003). 

At present, all literature data show that reaching the upper limit of 47 ° C 

for 1 minute leads to irreversible changes in the surrounding bone implant. 

Determining the temperature parameters during prophylactic and curative 

procedures is extremely important for the creation of predictable protocols and 

successful results. 

A challenge for modern periodontology and implantology is to determine 

the thermal effects during laser irradiation on the titanium implant body and the 

implant interface in laser-assisted therapy of periimplantitis. The results obtained 

in a thermocouple study show that of the three types of lasers with the best 

physico-biological parameters is the ER: YAG laser. Even during prolonged 

operation it does not increase the temperature in the implant interface, and in 

certain areas it decreases slightly. This phenomenon is favored by the water 

cooling with which the device works and the pulse mode of the beam, which 

allows for thermal relaxation of the tissues. 
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The diode laser leads to an increase in temperature above the biological 

threshold of 47 ° C, which would lead to adverse consequences in clinical 

conditions - denaturation of proteins, necrosis of soft and hard tissues, impaired 

osseointegration. In addition to the loss of the titanium implant, local and general 

complications can occur. 

The CO2 laser can operate contactlessly, in pulsed mode and under air 

cooling. However, it generates higher temperatures in and around the implant 

that reach the heat limit. 

Based on these results, it can be concluded that among the most effective 

tools that would be included in modern therapeutic protocols in the treatment of 

PI, is undoubtedly the ER: YAG laser. The described four modes of operation - 

CR; BR; GTA; PPD, provide safe intervention on both the soft and hard tissues 

of the implant interface, and on the implant itself during treatment procedures.
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2.2. Subtasl.  

      Study of temperature changes using thermocouples. 

2.2.1. Material and methods 

2.2.1.1. Intraosal screw implants 

Titanium implants manufactured by Alpha Bio Tec®, Israel. DFI model 

implants, size L 13 mm, D 3.75 mm were used. 

2.2.1.2. Biological model 

For the biological model were used pork jaws, specially prepared for the 

needs of the study in a licensed cutting. 

2.2.1.3. Laser equipment 

For the present study the following equipment was used in appropriate 

modes: Er: YAG laser (Lite Touch, Syneron, Israel) with the following 

specification: Wavelength 2940 nm; The pulse energy was determined by three 

factory modes of the device, respectively: 

Bone Remodeling (BR) with values- 7,5 W; 300 mJ; 25 Hz; 

Granulation tissue ablation (GTA) - 6,8 W; 400 mJ; 17 Hz; 

 Periodontal Pocket Debridment (PPD)- 1,5 W; 50 mJ; 30 Hz. 

CO2 laser Daeshin Enteprise (South Korea) with a wavelength of 10,600. 

Laser therapy programs were applied in two modes: 

Pocket sterilization (PS) - 241 W; PD= 300 µ s, RT= 20 ms; 

Implant second surgery (ISS) - 252 W; PD= 200 µ s; RT= 5 ms. 

Diode laser (Lite Medics, Italy) with a wavelength of 980 nm and two 

modes of factory settings: 

Periodontics - 0,75 W; Peak Power 2,5 W; 10 Hz; 

Surgery low - 1,60 W; Peak Power - 5,0 W; 700 Hz. 

2.2.1.4. Thermometric examination equipment 

The thermostating system as well as the thermosensor were created for the 

purposes of the present study by Prof. Plamen Zagorchev, Department of 
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Medical Physics, Biophysics and Mathematics, Faculty of Pharmacy, Medical 

University - Plovdiv, Bulgaria. 

The interface two-channel laboratory data processing system works with a 

13-bit analog-to-digital converter, programmed for parallel communication with 

a personal computer, and provides temperature tracking with an accuracy of ± 

0.0250 ℃. The sampling interval is 500ms. Data obtained as a result of the 

collection and averaging of 800 measurements are fed to the parallel port of the 

computer for this interval. The control of the temperatures indicated on the 

computer display is performed before each measurement and a calibrated Hart 

1522 Handheld Standards Thermometers from Hart Scientific Utah, USA, 

coupled with a Steinhart-Hart thermistor polynomial YSI 400 semiconductor 

thermosensor, certified with an accuracy of 0 ° C ± for the range from 0 ° C to 

50 ° C. It is possible to real-time graphically monitor the temperature changes in 

the implant and the surrounding tissues, as well as archiving, subsequent data 

processing and determination of important thermodynamic parameters. 

2.2.1.5. Thermostat system 

The sample is placed in a cylindrical microprocessor-controlled 

ultrathermostat filled with distilled water at a temperature of 32.50 ° C ± 0.05 ° 

C, which is stirred vigorously during the experiment. 

2.2.1.6. Thermometric system 

Temperature measurements are performed with a digital thermometer 

FLUKE 16 (Thermometer, Fluke corporation, USA), coupled with a specially 

made thermosensor (thermocouples Type K) with an accuracy of ± 0.1 ° C for 

the range from 20 ° C to 80 ° C. The time for establishing thermodynamic 

equilibrium is only 200ms, which is due to the extremely small mass of the 

sensor (<5mg). As a result, absolutely accurate temperature readings are 

achieved every second (at 1000ms). 
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The thermometer is placed at different points on the surface and inside of 

the implant body, as well as in the soft tissue and bone part of the implant 

interface, as follows: 

In- the temperature sensor is placed in the opening of the implant body; 

A half- temperature sensor is placed through an opening in the jawbone, 

made with a round burr №14, to the middle part of the implant; 

Mucosa- the temperature sensor is placed in the mucosa of the implant interface; 

1_6 -the temperature sensor is placed in an opening in the implant above the 

apex; 

Apex- the temperature sensor is placed in the apex of the titanium implant through a bone 

hole. 

2.2.2. Results 

The data obtained from thermal studies with thermocouples were processed 

and analyzed by the method of Kruskal - Wallis. 

The values of the temperature changes obtained for the three types of lasers 

at the individual points of the implant interface and in the respective modes are 

presented in tabular form. 

 

The values for determining a statistically significant difference between the 

values in the groups at a significance level p <0.05 were presented. 

It was found that the level of significance showed a statistically significant 

difference (p <0.05) when comparing the temperature generated during 

processing with CO2 and Er: YAG lasers, as well as with diode and Er: YAG 

lasers. However, there is no statistically significant difference between CO2 and 

diode lasers (p> 0.05). 

The data were summarized in graphs that show the temperature in the 

studied areas of the implant interface above the biological limit of 47 ° C in the 

modes of operation with CO2 and diode laser. A slight rise above the outlet 

temperature and even a slight decrease are observed with the ER: YAG laser. 
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Figure 8. Summarized data (n = 12) of the registered changes in the reported temperatures 

in the examined points (in, mucosa, a half, 1_6, apex) after application of the laser therapy 

program: Implant second surgery [CO₂ 252W, PD=200µs, RT=5ms]  

Implant second surgery [CO2 252W; PD=200µs; RT=5ms] 
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Figure 9. Summarized data (n = 11) of the registered changes in the reported temperatures in 

the examined points (in, mucosa, a half, 1_6, apex) after application of the laser therapy 

program  Pocket sterilization [CO₂ 241W, PD=300µs, RT=20ms]. 
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Figure 10. Summary data of the temperature amplitudes registered when working with a CO2 

laser. 

 

Figure 11. Summary data (n = 12) of the registered changes in the reported temperatures 

at the examined points (in, mucosa, a half, 1_6, apex) after application of the laser therapy 

program: Periodontics [Diode Laser 0,75W; Peak Power=2,5W;10Hz 

Periodontics [Diode Laser 0,75W; Peak Power=2,5W; 10Hz] 
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Figure 12. Summarized data (n = 12) of the registered changes in the reported temperatures 

in the examined points (in, mucosa, a half, 1_6, apex) after application of the laser therapy 

program:Surgery low [Diode Laser 1,60W; Peak Power=5,0W; 700Hz] 

 

Surgery low [Diode Laser 1,60W; Peak Power=5,0W; 700Hz] 
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Figure 13. Summary data of the temperature amplitudes registered when working with a 

diode laser. 
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Figure 14. Summary data (n = 14) of the registered changes in the reported temperatures at 

the examined points (in, mucosa, a half, 1_6, apex) after application of the laser therapy 

program: PPD [Er:YAG    1,5W, 50mJ, 30Hz ] 
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Figure 15. Summary data (n = 14) of the registered changes in the reported temperatures at 

the examined points (in, mucosa, a half, 1_6, apex) after application of the laser therapy 

program: GTA [Er:YAG 6,8W; 400mJ; 17Hz] 
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Figure 16. Summary data (n = 14) of the registered changes in the reported temperatures 

at the examined points (in, mucosa, a half, 1_6, apex) after application of the laser therapy 

program: BR [ Er:YAG 7,5W; 300mJ; 25Hz ] 

BR [ Er:YAG 7,5W; 300mJ; 25Hz ] 
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Figure 17. Summary data of the temperature amplitude registered when working with Er: 

YAG laser. 
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2.2.4.Conclusions 

 

       2.2.4.1. Visualization of the temperature distribution in and around the titanium 

implant during ER: YAG laser irradiation in the various factory operating modes 

does not reveal an extreme thermal rise above the physiological threshold for 1, 3 

and 5 minutes. 

              2.2.4.2. The data obtained from the thermocamera fully confirm those obtained 

from the study with thermocouples. This justifies the ER: YAG laser being safely 

included in the therapeutic protocols for the treatment of periimplantitis in 

different regimens and with different durations depending on the clinical 

indications and conditions. 

              2.2.4.3. Subject to the conditions of the present study: 

- inclination of the tip of the laser device 15-20 ° to the root surface; 

- energy determined by the factory setting modes; 

- continuous movement of the nozzle during operation; 

- continuous water cooling; 

There is no increase in temperature in a 60-second time interval in the implant 

body and the tissues of the implant interface during ER: YAG laser 

instrumentation, which determines the possibility of long-term and safe clinical 

operation. 

            2.2.4.4. When working with CO₂ and diode laser, an increase in temperature to 

and above the biological threshold is reported, which creates conditions for 

irreversible changes in the peri-implant tissues and to necrosis of the supporting 

bone. 
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Bacteria Pathogenic 
load * 

Pathogenic 
threshold 

** 

Condition ***  % / complete count of 
bacteria **** 

Aggregatibacter actinomycetemcomitans 0 1000 - 0.00 
Porphyromonas Gingivalis 65 100 000 100 000 ++

+ 

1.41 
Tannarella Forsythia 3 420 000 100 000 ++

+ 

0.07 
Treponema Denticola 8 100 000 100 000 ++

+ 

0.18 
Prevotella Intermedia 137 250 000 100 000 ++

+ 

2.98 
Parvimonas Micra 42 000 000 1 000 000 ++

+ 

0.91 
Fusobacterium nucleatum 

 

Fusobacterium Nucleatum 

17 175 000 10 000 000 +

+ 

0.37 
Camphylobacter rectus 8 400 000 1 000 000 +

+ 

0.18 
Eikenella corrodens 328 500 10 000 000 + 0.007 

Candida Albicans 0 ND Negative ND 
Total number of bacteria 4 605 000 000 

 

Task 3. 

Study of the decontamination ability of Er: YAG laser on 

periodontopathogenic microorganisms. 

3.1. Subtask. Determination of the main periodontopathogens prom the 

periimplant pocket of patients by Real-time-PCR. 

3.1.1 Material and methods 

The peri-implant pocket of the affected implants is sampled by special paper 

pins for microbiological examination and placed in transport containers. 

 

Figure 18. Sampling for microbiological examination. 

Samples were taken prior to treatment, recording the microbial spectrum of 

the peri-implant flora (Figure 18). 
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Figure 19. Fiche from laboratory results 

 

Sampling is performed using chemically clean paper pins included in the set 

of MIP Pharma GmbH. The study area of the implant is isolated with cotton rollers 

and dried. An important condition is that there is no bleeding from the pocket 

during the examination. Therefore, material collection precedes drilling and other 

diagnostic and prophylactic procedures. The paper pins are carefully inserted to at 

least subtle resistance at four points around the implant being examined: 

mediofacial, dystofacial, mediooral, and distoral. Wait 20 seconds, remove the pins 

and place them in suitably adapted containers from the set. 

A transport form is filled in and the samples are sent to a specialized 

laboratory in Germany (Kirkeler Straβe 41, D-66440 Blieskastel-Niederwürzbach). 

There, the genetic material (DNA) contained in the container is isolated. 

 The study is performed by molecular biological method of polymerase chain 

reaction in real time - Real-Time-PCR, which is the basis of PET-test. It determines 

the quantitative ratio of pathogens compared to the usual flora in the oral cavity, 

can also establish the symbiotic balance, and with it the importance of proven 

pathogens for the course of PI in each patient. 
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 The finished results are submitted on an electronic and paper form with data 

on the type and quantity of registered microorganisms, as well as recommendations 

for appropriate antibiotics (Appendix 4). 

3.1.2. Results 

Table 2 presents the results obtained in 10 patients diagnosed with PI. 

Table 2. Quantitative and species distribution of microorganisms in the peri-implant pocket in 

ten patients:AA – Aggregatibacter actinomycetemcomitans; Pg – Porphyromonas gingivalis; Td 

– Treponema denticola; Tf – Tannarella forsythia; Pi – Prevotella intermedia; Pm – Parvimonas 

micra; Fn – Fusobacterium nucleatum; Ec – Ekenella corrodens; Cr – Camphylobacter rectus 

 MO C1000 C10000 C100000 

Aa    

Pg   4 

Td 2 1 1 

Tf 2 3  

Pi 1 1 3 

Pm 4 3  

Fn   1 

Ec 2   

Cr 3 2  

 

The results obtained from microbiological studies by PCR reaction show 

diversity in the bacterial composition and the association between the different 

strains. The study makes it possible to determine quantitative values for individual 

representatives. The results obtained so far show the presence of strains of red 

(Porphyromonas gingivalis- Pg; Treponema denticola- Td; Tannerella forsithya- 

Tf), orange (Prevotela intermedia- Pi; Peptostreptococcus micros- Pm), yellow 

(Eubaccyum nodatum- En gingivalis- Cg) associated spectrum. The results 
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obtained so far show the absence of the main representative of the violet spectrum 

(AA-Aggregatibacter actinomicetemcomitans), which is of major importance in 

aggressive forms of periodontitis. 

There was also a significant correlation in the severity of periimplant disease and 

the quantitative characteristics of individual bacterial species, reaching 8.9x105. 

 

3.2. Subtask. Investigation of the decontamination efficiency of Er: YAG laser 

and ultrasonic device with Teflon tip, verified by electron microscope. 

3.2.1. Material and methods 

 Periodontopathogenic agents are taken from the collection of pathogenic 

microorganisms, maintained by the Department of Microbiology at the University 

of Food Technology - Plovdiv. The microorganisms are activated on a solid 

medium at 37 ° C for 48 hours. The strains are diluted and mixed in saline. 10 

titanium implants were inoculated with the finished suspension containing 

periodontal pathogens. The degree of decontamination is determined by the 

turbidimetry method (Figure 19). 

 

 

                                        А                                           B 

Figure 19. A. Containers with periodontopathogenic strains and 

B. Biofilm formation on the titanium surface. 
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The stages of biofilm formation were analyzed using a scanning electron 

microscope, for which purpose two implants were removed from the medium each 

day of incubation, fixed in 10% formalin and prepared for examination. 

 

Figure 20. BEC scattering method for elemental composition and spectral analysis for 

separation of the metal surface from the organic microbial matter in SEM research. 

  

 The implants are sequentially treated with an Er: YAG (Lite Touch, 

Syneron, Israel) laser device and an ultrasonic tip. 

                                                      

                А B 

Figure 21. Decontamination of the implant surface: A. Decontamination mode with Er: 

YAG laser: 60s; B. Ultrasound tip Implant-clean Tip 1: 60s. 
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 The laser irradiation uses a macrotype tip (1300 µm), in non-contact 

operation (1-3 mm) with continuous movement and water cooling for 1 min. The 

characteristics of the emitted energy correspond to the factory settings from the 

menu of the device Periodontal pocket debridement (1.50 W; 50 mJ / mm², 30 Hz). 

Structural changes on the titanium surface of a scanning electron microscope 

(SEM) are observed in the laboratory of the Faculty of Physics at the Bulgarian 

Academy of Sciences. 

Preparation of metal surfaces for SEM testing: due to the presence of organic 

matter, a stay in a buffer solution of Na-cocodylate is included, as well as 

dehydration of the samples in an "alcohol battery" (ethanol from 50% to absolute 

ethanol 100% in ascending series). 

After completion of the decontamination procedure, the samples are dried by 

the "Critical Point Drier (CPD)" method in a desiccator for 24 hours. Additional 

metallization of the samples is performed by cathodic sputtering and covering them 

with 200-250 nm gold layer. Scanning electron microscopy of the laser-treated 

implants was performed with a scanning electron microscope (Philips, Holand) 

with gradually increasing magnification (up to x 4000). A total of 100 scans are 

made, which will make a morphological qualitative characteristic of the changes on 

the implant surface and the available bacterial colonies. 

3.3.Results and discussion  

     Today, there is much evidence to support a causal link between microbial 

colonization and the pathogenesis of implantology failures (Freisen et al., 1999). 

Periimplantitis deep pockets 3 to 6 months after implant placement contain 

anaerobic bacteria such as Fusobacterium nucleatum, Prevotella intermedia, 

Prevotella nigrescens, Porphyromonas gingivalis, Aggregatibacter 

actinomycetemcomitans and spirochetes (Apke 2008, Linkevicius). After 
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colonization, the bacteria generate products at the site of attachment of the 

implant to the superstructure. Inflammatory cells increase in the surrounding 

soft tissues, causing periimplant bone loss, the leading cause of long-term failure 

(Simons et al., 2010). The disease is mainly associated with gram-negative 

anaerobic bacteria, including Porphyromonas gingivalis (Esposito et al., 2012), 

Prevotella intermedia (Ebadian et al., 2012), Fusobacterium nucleatum (Kamma 

et al., 1999), and Aggregatibacter actinomycetemcomitans (Mombelli et al., 

1995). In addition, the aggressive form is associated with the bacterium 

Staphylococcus aureus (Jun-Sik Kim, 2015), which early colonized titanium 

surfaces Furst et al., 2007 () and is a pathogen in periimplantitis (Leonhardt, 

Dahlen, Renver, 2003). The biofilm of the disease shows a more complex 

microbial composition and greater diversity compared to periodontitis 

(Koyanagi et al., 2013). The surface irregularities, chemical composition, 

hydrophobicity, surface charge and surface energy of the material not only 

determine the degree of colonization, but also the structure and potential of the 

biofilm (Hibst et Keller, 1989).  

In 2011, the mechanism of the bactericidal effect of the Er: YAG laser 

beam was discovered (Akiyama et al., 2011). It has been established that it is 

based on "thermal evaporation". The authors also prove that the antibacterial 

efficiency of the Er: YAG laser is higher than that of ultrasonic instruments due 

to its ability to kill bacteria in non-contact mode as opposed to ultrasound. In 

addition, after laser ablation, the remaining microorganisms have a molten and 

reduced appearance, which reduces their pathogenic potential. In contrast, the 

microorganisms that remain after ultrasound treatment are unchanged. This 

property of the Er: YAG laser could be a major advantage and make it the 

method of choice in the treatment of patients with a number of systemic and / or 

decompensated diseases - uncontrolled diabetes, autoimmune diseases, 
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immunosuppression, transplants, HIV-positive, infectious diseases. (hepatitis, 

tuberculosis), respiratory and lung diseases in which there is a high risk of 

inhalation of the infected aerosol cloud by ultrasound instrumentation. 

Moreover, the Er: YAG laser could be a new prophylactic method against 

transient bacteremia during cleansing (Komatsu et al., 2012). 

 The existing controversy in the literature as to whether the Er: YAG laser 

has an advantage over conventional methods of treating PI over the ability to 

reduce or eliminate periodontal pathogens creates the need for further research 

in this area. 

The results of PCR tests of patients diagnosed with PI show the 

distribution of MO by type and amount in the pathological pocket. It confirms 

the data from the scientific literature, with the exception of AA, which was not 

found in any of the probants. 

 

                                                   
 

Figure 22. Group I-laser cleaning 

 

On the scans taken at different magnifications, the colonies of MO with 

which the implants were inoculated in vitro were observed quantitatively. The 

results show visible differences in a comparative analysis of groups I and II. 
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  The primary roughness of the titanium surface causes accumulation and 

retention of colonial associations, which prevents the ultrasonic Teflon tip from 

contacting them mechanically. In group I, the surfaces were almost completely 

cleaned with single bacterial colonies, which can be visualized graphically. 

Table 3. Surface cleaning zones in groups I and II. 

 

 

 

 

 

 

 

 

 

 

 

When the colonies of microorganisms were treated with a laser (4 ± 1.24), a 

statistically significant strong decrease was obtained in comparison with their 

treatment with an ultrasonic tip. (59.2±18.15, р<0.0001, Paired Samples T Test).  

 

samples US 

type 

Er:Y

AG 

1 69 4 

2 27 5 

3 75 3 

4 84 5 

5 47 6 

6 35 2 

7 68 3 

8 70 3 

9 54 4 

10 63 5 
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Figure 23. Comparison between Group I and Group II 

3.4.Conclusions 

 

     3.4.1. The obtained laboratory results and statistical analysis show a 

comparative characteristic between the decontaminating properties of the Er: YAG 

laser and the widely used ultrasonic Teflon tip. Due to the peculiarities of the 

implant surface, which have micro- and macro-retentions, which are extremely 

important for the primary stability and osseointegration, its cleaning is very 

difficult and can even be defined as impossible. These facts define mechanical 

means as ineffective in the treatment of the titanium surface with respect to 

debridement, decontamination and detoxification. Adjuvants such as acidic, 

antibacterial and disinfectant solutions may increase the effectiveness, but the 

results are difficult to predict given the large number of retained colonies. 

  3.4.2. The preservation of intact metal micro- and macrostructure of the implant 

body during mechanical processing is compromised, and this disrupts the future 

processes of reosteointegration, which we strive to achieve in surgical therapy and 

DTR. 
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   3.4.3. Er: YAG laser works in non-contact mode under continuous water 

cooling, characteristics that give an advantage when processing heavily 

contaminated and with complex architectural surfaces. Laser energy also has a 

direct damaging effect on the MO. This, in addition to reducing their pathogenic 

potential, also leads to a violation of their adhesive ability, which makes them 

easier to wash off and mechanically remove. In addition, an excessive decrease in 

their quantity and quality would help increase the effectiveness of additional 

chemicals for lavage and decontamination of the operative field during surgical 

treatment. 

      3.4.4. The observed changes in vitro define the Er: YAG laser as the only 

means of providing maximum cleaning and decontamination of the metal surfaces 

involved in the peri-implant pocket. 

 

Task. 4.  

 Clinical application of Er: YAG laser in laser-assisted therapy of 

periimplantitis. 

           The aim is to evaluate the clinical results of the lambo procedure and laser-

assisted surgical treatment with Er: YAG laser. The study was conducted in the 

Department of Periodontology and ORAL DISEASES of the SPF, Medical 

University - Plovdiv. 

4.1. Material and methods 

Between March 2014 and August 2020. The study included 53 patients with 

71 implants showing ≥6 mm PDD, bleeding and / or suppuration on probing, and 

clinical and radiographic evidence of supporting bone loss. 
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Regarding the general inclusion factors for the patients - the requirements 

are to be clinically healthy, in the absence of active infectious, hormonal, 

metabolic and oncological diseases. 

 Excluding factors of general nature are: decompensated and uncontrolled 

diabetes mellitus (type I and II), the presence of malignancies in the active phase 

in the stage of cancer therapy, including systemic administration of antiresorptive 

drugs, autoimmune and severe neurological and neuropsychiatric diseases. 

Excluding factors regarding local status: 

Compromised personal oral hygiene, the presence of untreated periodontitis, 

acute and exacerbated inflammatory and inflammatory-destructive processes in 

the oral cavity. Excluded from the study are cases considered incurable - high 

bone loss and / or mobility, as well as taking into account the preferences of 

patients. In patients with more than 50% bone loss, the possibility of explantation 

has been proposed. All patients selected for peri-implant therapy have signed an 

informed consent, including consent to photo documentation and a certificate of 

confidentiality of personal data. Clinical measurements were performed by 

standard pocket sounding and periapical and panoramic radiographs. A plastic 

probe CP 12 (12 UNC, Hu-Friedy) and radiographs Planmeca and 

Instrumentarium were used. 

All patients were examined, treated and followed by the same physician 

(Iv.N.). Patient data, including passport information, position and age of 

implants, the presence of periodontitis, smoking, cardiovascular, endocrine and 

other diseases are recorded in an electronic outpatient card. Periimplant defects 

are measured at four points around each implant, and the degree of bone loss is 

measured on an X-ray image. 
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Figure 24. Segmental radiography 

 

 

                    

Figure 25. Clinical diagnosis of PI 

 

The therapeutic protocol includes an initial (hygienic) and surgical phase 

and a phase of maintenance treatment (support). The goal of initial therapy is to 

reduce the signs of inflammation (pain, swelling, bleeding, suppuration) as much 

as possible. 

The day before the operation, the patients were prescribed 600 mg of 

Clindamycin, taken every 12 hours for 7 days. Before the start of the surgery, the 

prosthetic structure together with the prosthetic components are removed from the 

implant platform and a cover screw is placed. 
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Figure 26. Stages of removal of prosthetic components from the implant platform. 

    The operative intervention begins with marginal excision and preparation of 

a fully reflected mucoperiosteal (in full thickness) flap bilaterally: in facial and oral 

aspect. The granulation tissue in the defect is removed with an Er: YAG laser from 

the Periodontal pocket debridement program (1.50 W; 50 mJ / mm², 30 Hz and 

water cooling 5 ml at the laser tip) from the factory settings menu. The implant 

surface exposed above the bone is irradiated with laser energy at the same settings. 

In the presence of tartar on the implant surface, it can be switched to the Calculus 

removal program (1.50 W; 100 mJ / mm²; 15Hz). Irradiation is performed by 

continuous movement of the opal tip with at least two complete strokes of the 

titanium surface until the changes become visible (either to a qualitative reflection 

of the implant surface, or to a dark gray discoloration). The bone walls of the 

periimplant defect were treated with laser emission in Bone remodeling mode 

(7.50W; 300mJ; 25Hz) to obtain a clean and freshly bleeding bone wall. In the 

presence of residual granulations, the operative field is processed in Granulation 

tissue ablation mode (6.80W; 400mJ; 17Hz). In accordance with the 

pathoanatomical topography of the peri-implant defect and the macroarchitectonics 

of the implant, light guide tips macrotype (1300 µm), microtype (700 µm) and 

chisel type are used in the surgical procedure. 
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                                           А                                                              B 

Figure 27. Initiation of laser-assisted surgery: A. Crestal incision with Er: YAG laser; B. 

Preparation of a full-thickness flap. 

  The vertical bone components were replaced with a spongy bone substitute 

(Bio-Oss L, Geistlich Pharma and RE-BONE® biomaterials). The bone graft is 

mixed with autogenous growth factor-rich fluid and fibrin plasma (i-PRF) obtained 

by centrifuging freshly drawn venous blood from the patient. Guided bone 

regeneration (GBR) was achieved with the application of absorbable collagen 

membranes (Geistlich Bio-Guide, Geistlich Pharma и T-BARRIER membrane 

collagene, B&B Dental s.r.l.).  

       

Figure 28. Ablation of granulation (6.80W; 400mJ; 17Hz) tissue and decontamination of the 

implant surface (1,50 W; 100 mJ/mm²; 15Hz) 
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 Bone defects in all clinical cases were treated with Er: YAG laser and bone 

replacement therapy in combination with autogenous growth factors. 

        

Figure 29. Extraction of i PRF and preparation of the absorbable membrane 

     The muco-periosteal flaps are coronally elongated after depperiosteration 

and are fixed by horizontal and vertical sutures using 3-0 and 4-0 non-resorbable 

sutures, taking into account the shape of the papilla. 

 

 

 

               

                            А                                   B                                   C 

Figure 30. Stages of DTR: A. Filling the defect with Bio-Oss mixed with PRF; B. Bio-Guide 

Absorbable Collagen Membrane Coating; C. Suturing the surgical wound with 4-0 atraumatic 

sutures. 

     Patients are locally prescribed chlorhexidine solution (Eludril) and 

instructed not to brush their teeth for up to 2 weeks, after which a non-aggressive 

mechanical cleaning with a soft brush is prescribed. 4 weeks after the operation, 
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tissue healing is assessed and it is recommended to either switch to a more 

aggressive mechanical debridement or a modified approach for plaque control to 

complete tissue regeneration. Standard plaque control procedures include the use of 

manual, electric and sonic toothbrushes, dental floss and interproximal brushes. Up 

to two types of agents are recommended for patients in order to simplify the plaque 

control procedure as much as possible. 

The four-week assessment is based on the closure of the wound edges of the 

operative wound and the papilla, residual inflammation and the patient's feeling of 

comfort. In case the patient has difficulties in achieving plaque control or due to 

insufficient cooperation or persistent inflammation, remotivation and new 

instruction is performed and an additional visit is scheduled after 2 weeks. If there 

are no symptoms of soft tissue inflammation and good plaque control is achieved, 

the patient is referred after 8 to 12 weeks to reassess hygiene status and switch to 

periodontal maintenance treatment. In the sixth month, drilling is performed and 

the results are registered in 4 points. Data on age, diseases, position and age of the 

implant, PDD and PD before and 6 months after the surgical treatment and the 

amount of regenerated supporting bone, determined radiologically, are presented in 

tabular form. 

 

Figure 31. 6 months after surgery 
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Figure 32. Laser opening of the implant and placement of the healing screw. 

          

Figure 33. Remove the shaping screw after 3 weeks. 

                                                         

                                      А                                                                      B 

                             Figure 34. X-ray examination A. Before and B. After treatment 

 



 

50 

 

4.2. Results and discussion 

53 patients aged 45.18 ± 12.8 years were studied. The sex distribution is 

presented on Figure 35. 

 

Figure 35. Percentage distribution of patients by sex 

 

Gender did not determine a statistically significant difference in the initial 

depth of the drilling pocket (p = 0.363) and the depth of the drilling pocket, 

followed after 6 months (p = 0.192). This shows that the whole group of patients 

can be considered as a whole and no gender division is required. 

On Figure 36 the percentage distribution of patients with and without 

periodontitis is presented.  
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Figure 36. Percentage distribution of patients with (75%) and without (25%) development of 

periodontitis among the whole group of patients. 

Smoking had a statistically significant effect on the development of 

periodontitis (p = 0.028, Fisher's Exact Test) (Figure 37). 88.9% (n = 24) of 

smokers develop periodontitis compared to 61.5% (n = 16) of non-smokers. 
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Figure 37. Distribution of patients with and without development of periodontitis in a group of 

smokers and a group of non-smokers. 
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Figure 38. Limitation of the implant in years. 

The initial pocket depth indicators when drilling after 6 months have an 

abnormal distribution (One Sample-Kolmogorov-Smirnov Test) (Figures 38 and 

39), so they are determined by their median values. 
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Figure 39. Histogram of the distribution of the indicators of the initial depth of the pocket 

when drilling. 

 

Figure 40. Histogram of the distribution of the indicators of the depth of the pocket when 

drilling after 6 months. 
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Table 3. Descriptive statistics of initial PDD, PDD tracked after 6 months and the 
difference between them 

Indicators Initial drilling depth 

(mm) 

Pocket depth when 

drilling tracked 

after 6 months 

(mm) 

Difference 

between initial 

PDD and after 

6 months 

(mm) 

n 71 67 67 

Mean 7.21 3.20 3.86 

SD 1.35 0.78 1.09 

SEM 0.14 0.09 0.13 

Median (50th 

percentile) 

7.00 3.00 3.50 

95% CI 6.87-7.36 3.01-3.40 3.59-4.13 

Min 6.00 2.00 2.00 

Max 10.00 8.00 7.00 

*There is no normal Gaussian distribution, so the analyzes were performed with nonparametric 

tests and median value. 

 

The average initial depth of the drilling pocket was 7 mm (95% CI 6.78-

7.36), and the depth of the drilling pocket followed after 6 months was statistically 

significantly less - 3 mm (95% CI 3.01-3.40), <0.0001, Two-Related -Samples 

Test).  

When comparing the initial PDD of smokers and non-smokers, there is a 

tendency for dependence (p = 0.073, Mann-Whitney Test) as the average and 

mediann values are higher in smokers (Table 4). 
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Table 4. Initial pocket depth when probing (mm) in smoking and non-smoking 

patients. 

Indicators Smokers Non-smokers 

n 27 26 

Mean 7.32 6.76 

SD 1.27 1.11 

SEM 0.25 0.22 

Median (50th percentile) 7.00 6.00 

95% CI 6.79 – 7.84 6.29 – 7.22 

Min 6.00 6.00 

Max 10.00 10.00 

Statistical indicators p = 0.073 (Mann-Whitney Test) 

The initial depth of the pocket during probing is affected by the presence of 

concomitant diseases, mainly hypertensive heart disease (p = 0.008, Mann-

Whitney Test). 6 mm (95% CI 6.44-7.33) is the initial PDD in the absence of 

concomitant diseases, and 8 mm (95% CI 7.05-8.33). 

The difference between the initial PDD and the one measured after 6 months 

also shows a statistically significant difference compared to the presence or 

absence of accompanyingdiseases (p = 0.002). 3 mm (95% CI 3.23-3.90) is the 

difference in the absence of concomitant diseases, and 4.5 mm (95% CI 3.94-4.98) 

in the presence of hypertensive heart disease. 

Smoking also has an effect on radiographic bone filling and the effect is very 

statistically significant (p <0.0001, Fisher's Exact Test). 92% (n = 23) of non-

smokers and only 40% (n = 10) of smokers have over 50% radiographic bone 

filling. Radiographic bone filling did not show a relationship to gender (p = 0.557, 

Fisher's Exact Test), but showed strong and expected statistical significance with 
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the presence of periodontitis. 91.7% (n = 11) of patients without periodontitis 

showed more than 50% radiographic bone filling, compared with those with 

periodontitis 57.9% (n = 22) (p = 0.039, Fisher's Exact Test). The radiographic 

bone filling over 50% decreases with the age of the implant. Although the indicator 

shows a tendency to dependence, in percentage terms it can be seen that the highest 

percentage of patients 83.3% with up to 5 years of implant age have more than 

50% RCC compared to 61.5% of patients over 5 years and 33.3% of patients with 

implant age over 10 years (p = 0.069, Pearson Chi-Square Test). 

However, smoking did not affect the number of implants with periimplantitis 

(p = 0.636). 66.7% of smokers and 76.9% of non-smokers have implant with 

periimplantitis. 25.9% of smokers and 15.4% of non-smokers have two implants 

with periimplantitis. 7.4% of smokers and 7.7% of non-smokers have three 

implants with periimplantitis. 

There was also a significant positive correlation between the age of the 

patients and the initial PDD (R = 0.365, p = 0.007) ( Figure 41a), as well as the 

difference between the initial PDD and the one measured after 6 months (R = 

0.376, p = 0.007) ( Figure 41b). 
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   а                                                                     b 

Fogure 41. Correlation between the age of the patients and the initial PDD (a), as well as with 

the difference between the initial PDD and the one measured after 6 months (b). 

 

 

 

 

The initial PDD of 8 mm (95% CI 7.05-8.84) shows a significant statistical 

difference in patients with pocket bleeding during drilling, compared with those 

with no bleeding, and it is 6.5 mm (95% CI 6.62-7.24) = 0.014, Mann-Whitney 

Test (Figure 42). There is a similar strong statistical dependence for PDD measured 

after 6 months (p = 0.027, Mann-Whitney Test). In patients with pocket bleeding at 

probing, it is 3.5 mm (95% CI 2.81-5.08), and in patients without bleeding PDD 

after 6 months is 3 mm (95% CI 2.95-3.20). 
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Figure 42.  Median values (P50) of the initial PDD in patients with and without pocket 

bleeding during post-treatment probing 

4.3. Conclusions 

 

    4.3.1. Based on laboratory and electron microscopic examinations, a laser-

assisted surgical protocol for the treatment of PI has been proposed. Patients were 

selected for inclusion and exclusion factors, as well as for various habitual and 

nosological parameters. Statistical models have been developed for the degree of 

dependence based on gender, smoking, heart disease, implant age versus 

periodontal parameters and treatment outcome. 4 main menu modes with factory 

settings are used to achieve effective tissue debridement, decontamination, bone 

remodeling, tissue ablation and titanium surface treatment. The resulting clinical 

observations correlate with the results of paraclinical studies. Scars on a visibly 

cleaned implant surface(qualitative reflection of the implant surface, or to dark 

gray discoloration) are fully achieved by processing with Er: YAG laser.     
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     4.3.2. The supraosal part of the pathologically exposed implant surface is treated 

to the closest degree to the factory engineering parameters of the implant body - 

biologically and chemically pure, unmodified and primarily retentive titanium 

surface. Operation in non-contact mode and under continuous jet water cooling 

leads to effective ablation of granulation tissues and bone detritus as the intervened 

bone wall of the peri-implant pocket is devoid of smeared layer and filings. The 

vessels of the haversian canals have an open lumen, which gives the appearance of 

"bloody dew", providing goodperfusion of augmentation materials.  

      4.3.3. Successful treatment depends to a greater or lesser extent on various 

factors - diseases, personal oral hygiene, smoking, plasma factors, obsolescence of 

the implant in the oral cavity, local mucosal and bone diseases. Attempts to 

reconvales the soft and bone tissue interface around the body's foreign titanium 

body are a real clinical challenge, especially in the absence of a highly specialized 

and stable periodontal structure. This requires that the therapeutic approach be 

focused exclusively on augmentation techniques, rather than methods to achieve 

re-adjustment, which in this case are unattainable. 

         4.3.4. The Er: YAG laser fully meets the clinical requirements for preparation 

of the recipient box and for achieving complete reosteointegration. 
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IV. Finale 

 

Periimplantitis is one of the prerequisites for clinical failures in the 

restoration of dentition defects and is the cause of loss of 16-20% of 

osseointegrated implants. Compromised results are related to general and 

local complex-causal factors. Modern notions of an adequate therapeutic 

protocol in the treatment of periimplantitis are invariably associated with 

the use of ER: YAG lasers. Their application in dentistry is based on their 

unique wavelength (2,940 nm) with peak absorption in water and 

hydroxylapatite. Due to this property, ER: YAG lasers are used with equal 

success in the treatment of hard and soft tissues and are used in the therapy 

of peri-implant sites. Their application in periodontology is reduced to 

incision and ablation of soft and hard tissues, subgingival curettage and 

bacterial elimination. There are current studies on the effect of Er: YAG 

laser on titanium implants, without clear evidence of indisputable 

advantages over conventional cleaning and decontamination of implant 

surfaces. 

The term periimplant disease is collectively used to describe the 

biological complications of dental implantology. It includes peri-implant 

mucositis (PM), peri-implantitis (PI) and implant rejection. While 

periimplant mucositis is a reversible inflammatory reaction localized only 

in the mucosa adjacent to the implant, periimplantitis is defined as an 

inflammatory process affecting all tissues around the osseointegrated 

implant in a function leading to loss of supporting alveolar. 

Periimplant soft tissues have a similar appearance and structure to 

periodontal soft tissues. They consist of connective tissue covered with 

epithelium. There is a long connective epithelium and an area of connective 

tissue above the supporting bone. Despite the obvious similarities in the 
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soft tissues around the teeth and implants, a significant difference is the 

absence of periodontal ligament around the implants. Natural teeth have a 

periodontal ligament with connective tissue fibers that connect them to the 

alveolar bone. There are no collagen fibers around the osteointegrated 

implants, which are oriented in different directions of the interface. The 

bone is in direct contact with the surface of the implant without 

incorporating soft tissues. This results in weaker soft tissue sealing and 

lower resistance to bacterial invasion of the implant-bone interface. 

Today, there is much evidence to support a causal link 

between microbial colonization and the pathogenesis of 

implantology failures. Periimplant deep pockets 3 to 6 months after 

implant placement contain anaerobic bacteria such as 

Fusobacterium nucleatum, Prevotella intermedia, Prevotella 

nigrescens, Porphyromonas gingivalis, Actinobacillus 

actinomycetemcomitans and spirochetes. After colonization, the 

bacteria generate bacterial products at the site of attachment of the 

implant to the superstructure. 

Inflammatory cells increase in the surrounding soft tissues, 

causing peri-implant bone loss, the main cause of long-term 

failures. 

In addition, the titanium surface of the most popular screw implants 

is primarily grooved due to the presence of micro- and macro-retentions. 

This determines the need for the use of effective means and devices for 

debridement, decontamination and detoxification of the implant body in 

the area of the PI, which at the same time should not modify and damage 

it and be harmless to the recipient tissues. 

At present, all literature data show that reaching the upper limit of 47 

° C for 1 minute leads to irreversible changes in the surrounding bone 

implant. Determining the temperature parameters during prophylactic and 



 

63 

 

treatment procedures is extremely important for the creation of predictable 

protocols and successful results. 

In the interaction of laser radiation with matter, the main processes 

are reflection, transmission, absorption and scattering. According to the 

Law on Storage in Material or Biological Environment, energy is 

numerically equal to the difference between emitted laser energy and its 

components (reflected, transmitted and scattered), generated as a result of 

interaction of the radiant electromagnetic flux with the substance. The 

absorbed energy leads to frequency-dependent processes of fluorescence, 

photothermal and thermal effects. Due to the extremely low permeability 

and deep absorption, the focus is mainly on the reflectivity of the titanium 

implant. It turns out to be extremely important for the observed thermal 

effects and gives an explanation at first sight of the poor absorption of IR 

(thermal) laser radiation, both in the volume of the implant and in the 

adjacent tissue. The measurement of thermal effects during laser exposure 

during therapeutic procedures in the maxillofacial area is a key point for 

the outcome and prognosis of treatment in the long run. 

Laboratory measurements of temperature changes can be 

performed with an integrated system with thermocouples and a thermal 

chamber. From an energy point of view, only three types of lasers in the 

infrared range are suitable for treatment procedures in implantology: CO₂ 

(carbon dioxide), diode and Er: YAG (erbium: yttrium - aluminum 

garnet) due to their specific interaction with the titanium implant. 

Diode lasers are a large group of laser systems that belong to the 

visible and invisible infrared region of the light spectrum. They are 

generally divided into low-energy diode lasers, which are used to 

biostimulate and improve tissue trophism, and high-energy diode lasers, 

which are used in soft tissue surgery due to their good hemoglobin 

absorption. 
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 The CO₂ laser has a wavelength of 10,600 nm, which determines its 

good absorption by water. This quality makes it effective in performing 

various surgical procedures such as gingivectomy, frenectomy, excisional 

biopsy, coagulation. 

The ER: YAG laser is a solid whose active medium is a crystal of 

yttrium, aluminum and garnet ligated with erbium - Er: Y3Al5O12 [122]. 

The light emitted by this laser belongs to the infrared region of the 

electromagnetic spectrum and has a wavelength of 2940 nm. It has a high 

absorption coefficient from water - 10,000 times higher than that of the 

CO₂ laser and 15,000–20,000 times higher than that of the Nd: YAG laser 

[28]. This determines its effective application in soft tissues. OH groups as 

a component of hydroxylapatite also show relatively high absorption at a 

length of 2940 nm, although their maximum is at 2800 nm. These physical 

properties increase the spectrum of application of the Er: YAG laser not 

only for soft but also for the treatment of hard dental tissues and bone. The 

clinical efficacy of the Er: YAG laser was first studied by Watanabe et al. 

in 1996. Laser therapy is a modern therapeutic technique that can be used 

effectively as an adjunct to conventional mechanical disinfectants for 

periimplantitis. However, there is a need to reach a consensus on the 

standardization of laser-related parameters that could lead to the most 

favorable results with regard to peri-implant anti-infective therapy. 

When studying the structural changes on the titanium surface during 

treatment with ER: YAG and diode laser were analyzed electron 

microscopic scans. 

Considering received results as a conclusion must be taken the fact 

that the energy valueand the laser treatment must be in defocused mode, 

low energy and always under water cooling,, to avoid surface changes due 

to high temperature. The ability to work in non-contact mode protects the 

implant surface from mechanical damage by performing detoxification and 
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decontamination, as well as ablation of granulations in soft tissues. The 

possibility of preparing the peri-implant structures for the techniques of 

guided tissue regeneration creates optimal conditions for prolonging their 

stay in the oral cavity. 

Temperature changes were studied by two methods: an integrated 

system with thermocouples and real-time monitoring with a thermal 

camera. Visualization of the temperature distribution in and around the 

titanium implant during ER: YAG laser irradiation in the various factory 

modes of operation does not detect extreme thermal rise above the 

physiological threshold for 1, 3 and 5 minutes. 

The data obtained from the thermocamera fully confirm those 

obtained from the study with thermocouples. This justifies the ER: YAG 

laser being safely included in the therapeutic protocols for the treatment of 

periimplantitis in different regimens and with different durations depending 

on the clinical indications and conditions. 

When studying the degree of decontamination of the titanium 

surface, laboratory studies were performed during treatment with Er: YAG 

laser and ultrasonic Teflon tip. 

The obtained laboratory results and statistical analysis show a 

comparative characteristic between the decontaminating properties of Er: 

YAG laser and a widely used ultrasonic Teflon tip. Due to the peculiarities 

of the implant surface, which have micro- and macro-retentions, which are 

extremely important for the primary stability and osseointegration, its 

cleaning is very difficult and can even be defined as impossible. The 

observed changes in vitro determine Er: YAG the laser as the only means 

of providing maximum cleaning and decontamination of the metal surfaces 

involved in the peri-implant pocket. 

Based on laboratory and electron microscopic examinations, a laser-

assisted surgical protocol for the treatment of PI has been proposed. 
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Patients were selected for inclusion and exclusion factors, as well as for 

various habitual and nosological parameters. Statistical models for the 

degree of dependence based on gender, smoking, heart disease,prescription 

of the implant in relation to the periodontal parameters and treatment result. 

4 main menu modes with factory settings are used to achieve effective 

tissue debridement, decontamination, bone remodeling, tissue ablation and 

titanium surface treatment. The resulting clinical observations correlate 

with the results of paraclinical studies. The marks of a visibly cleaned 

implant surface (qualitative reflection of the implant surface, or up to dark 

gray discoloration) are fully achieved when treated with Er: YAG laser. 

Taking into account the conducted laboratory and clinical studies, the 

data convincingly show that Er: The YAG laser fully meets the clinical 

requirements to prepare the recipient lodge and to achieve full 

reosteointegration. 
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V. Conclusions: 

 

1. The observed surface areas of resolidification and cracks obtained 

during the diode laser treatment create major problems for the 

osteointegrative abilities of the tissues.since athe nodised surface of 

andmplant due to laser energy disrupts the titanium oxide layer, 

which contributes to secondary stabilization.  

2. Eenergy valueand the laser treatment must be in defocused mode, 

low energy and always under water cooling,, to avoid surface 

changes due to high temperature. 

3. Visualization of the temperature distribution in and around the 

titanium implant during ER: YAG laser irradiation in the various 

factory modes of operation does not detect extreme thermal rise 

above the physiological threshold for 1, 3 and 5 minutes. 

4. The data obtained from the thermocamera fully confirm those 

obtained from the study with thermocouples. This justifies the ER: 

YAG laser being safely included in the therapeutic protocols for the 

treatment of periimplantitis in different regimens and with different 

durations depending on the clinical indications and conditions. 

5. Subject to the specified conditions of the present study: (inclination 

of the tip of the laser device 15-20 ° to the root surface; energy 

determined by the modes of factory settings; continuous movement 

of the tip during operation; continuous water cooling) nAn increase 

in temperature occurs in a 60-second time interval in the implant 

body and the tissues of the implant interface during ER: YAG laser 
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instrumentation, which determines the possibility of long-term and 

safe clinical operation. 

6. When working with CO2 and diode laser, an increase in temperature 

up to and above the biological threshold is reported, which creates 

conditions for irreversible changes. in peri-implant tissues and to 

necrosis of the supporting bone. 

7. The obtained laboratory results and statistical analysis show a 

comparative characteristic between the decontaminating properties 

of Er: YAG laser and a widely used ultrasonic Teflon tip. Due to the 

peculiarities of the implant surface, which have micro- and macro-

retentions, which are extremely important for the primary stability 

and osseointegration, its cleaning is very difficult and can even be 

defined as impossible. These facts define mechanical means as 

ineffective in the treatment of the titanium surface in terms of 

debridement, decontamination and detoxification. Adjuvants such as 

acidic, antibacterial and disinfectant solutions may increase the 

effectiveness, but the results are difficult to predict given the large 

number of retained colonies. 

8. The preservation of intact metal micro- and macrostructure of the 

implant body during mechanical processing is compromised, and 

this disrupts the future processes of reosteointegration, which we 

strive to achieve in surgical therapy and STD. 

9. Er: YAG The laser works in non-contact mode under continuous 

water cooling, characteristics that give an advantage when 

processing heavily contaminated and with complex architecture 

surfaces. Laser energy also has a direct damaging effect on the MoD. 

This, in addition to reducing their pathogenic potential, also leads to 

a violation of their adhesive ability, which makes them easier to 

wash off and mechanically remove. In addition, an excessive 
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decrease in their quantity and quality would help increase the 

effectiveness of additional chemicals for lavage and decontamination 

of the operative field during surgical treatment. 

10. The observed changes in vitro determine Er: YAG the laser as the 

only means of providing maximum cleaning and decontamination of 

the metal surfaces involved in the peri-implant pocket. 

11. Based on laboratory and electron microscopic examinations, a laser-

assisted surgical protocol for the treatment of PI has been proposed. 

Patients were selected for inclusion and exclusion factors, as well as 

for various habitual and nosological parameters. Statistical models 

have been developed for the degree of dependence based on gender, 

smoking, heart disease, implant age versus periodontal parameters 

and treatment outcome. 4 main menu modes with factory settings are 

used to achieve effective tissue debridement, decontamination, bone 

remodeling, tissue ablation and titanium surface treatment. The 

resulting clinical observations correlate with the results of 

paraclinical studies. Scars on a visibly cleaned implant 

surface(qualitative reflection of the implant surface, or to dark gray 

discoloration) are fully achieved by processing with Er: YAG laser. 

12. The supraosal part of the pathologically exposed implant surface is 

processed in the closest degree to the factory engineering parameters 

of the implant body - biologically and chemically pure, unmodified. 
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VI. Contributions 

 

 For the first time in our country an electron microscopic examination of 

implant surfaces treated with ER: YAG laser. 

 The reflection coefficient from the titanium surface during the laser 

treatment was precisely determined. 

 For the first time, the temperature changes in the operative field of a 

thermostated biological model were observed, which most closely 

resembles the physiological conditions in the oral cavity.. 

 For the first time, temperature changes were recorded in real time by 

irradiation through a thermal camera. 

 For the first time the bactericidal potential of ER: YAG laser, detected by 

a scanning electron microscope. 

 Based on the results obtained from laboratory and clinical studies, a 

surgical protocol has been proposed for ER: YAG laser assisted therapy 

of periimplantitis. 
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