
Biomed. Eng.-Biomed. Tech. 2016; 61(5): 499–507

*Corresponding author: Dr. Ute Botzenhart, Department of 
Orthodontics, University Medical Center, Technische Universität 
Dresden, Fetscherstr. 74, Haus 28, D-01307 Dresden, Germany, 
Phone: 0049-351-4582718, Fax: 0049-351-4585318,  
E-mail: ute.botzenhart@uniklinikum-dresden.de
Jacek Matys: Private Dental Healthcare, Lipowa 18,  
67-400 Wschowa, Poland
Tomasz Gedrange: Department of Orthodontics, University Medical 
Center, Technische Universität Dresden, 01307 Dresden, Germany
Marzena Dominiak: Dental Surgery Department Medical University, 
50-368 Wroclaw, Poland

Jacek Matys, Ute Botzenhart*, Tomasz Gedrange and Marzena Dominiak

Thermodynamic effects after Diode and Er:YAG 
laser irradiation of grade IV and V titanium 
implants placed in bone – an ex vivo study. 
Preliminary report
DOI 10.1515/bmt-2015-0135
Received July 9, 2015; accepted February 17, 2016; online first March 
17, 2016

Abstract: Many inserted implants are affected by peri-
implantitis. The aim of our study was to evaluate increases 
in implant temperature, depending on the diameter 
and chemical composition of implants. In particular 
we measured the time it takes for the temperature of an 
implant to rise by 10°C and evaluated laser power set-
tings required to prevent thermal injury when an implant 
surface is decontaminated during the treatment of peri-
implantitis. The study analysed six implants placed in 
porcine ribs and divided into two groups according to 
their diameter and chemical composition (grade IV and 
grade V titanium). The implants were irradiated with 
Diode and Er:YAG lasers using different laser parameters. 
The temperature was measured with a K-type thermo-
couple. The temperature on the implant surface rose 
as the laser power increased and the implant diameter 
decreased. The time required to increase the tempera-
ture of an implant by 10°C was less than it was for tita-
nium grade IV. The temperature gradient was below 10°C 
for all implants treated using a laser power up to 1 W. 
It is important to choose the correct laser parameters, 
depending on the chemical composition and diameter 
of the implant, so that decontamination of the implant 
surface is thorough, effective and safe.

Keywords: dental implants; Diode laser; Er:YAG laser; 
temperature; thermal conductivity; titanium alloy.

Introduction
Thanks to rapid advances in implantology over the last few 
decades, which has resulted in improvements in implant 
materials, designs and surface properties, achieving a 
tight connection between living bone and the implant 
surface, i.e. osseointegration, no longer poses a challenge. 
Clinical studies of 5-year implant survival rates show that 
99.1% of implants in the mandible and 84.9% of implants 
in the maxilla become osseointegrated and represent a 
part of a fully functional prosthetic reconstruction [1, 8]. 
Implant osseointegration complication rates recorded in 
the literature vary considerably, with some researchers 
reporting 0% complications over a 5-year follow up period 
[56] while the highest rate in a 10-year follow up period 
being 29% [6]. However, numerous contemporary studies 
reveal that, despite correct implant osseointegration being 
achieved and proper oral hygiene being observed, many 
implants are still affected by peri-implantitis, which is one 
of the most common causes of implant loss [32, 45]. Recent 
studies indicated a peri-implantitis rate ranging from 11.3 
to 47.1% after 8 years [22, 62]. Roos-Jansåker indicates that 
most inserted implants are affected by peri-implantitis 
after 9–14  years [44]. As a consequence, special atten-
tion should be paid to identifying effective and predict-
able methods of peri-implantitis treatment using modern 
medical technologies.

Peri-implantitis has a great deal in common with peri-
odontitis. Nevertheless, there are some differences which 
require the use of a different and more complex technique 
to render the treatment effective [19]. Unlike a tooth, the 
surface of an implant is in direct contact with bone tissue. 
Around the implant there is neither periodontium nor 
cementum [30] and a constant physiological and homog-
enous distribution of masticatory forces is prerequisite 
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for bone remodelling and preservation of the bone struc-
ture, especially in the critical part of the implant neck 
area, while overload can lead to continuous bone loss and 
should be avoided [40]. Furthermore the composition of 
the connective tissue is different with a different arrange-
ment of fibres, fewer fibroblasts, a reduced blood supply 
and a change in immune defence compared to that of a 
natural tooth with a healthy periodontium [39]. A recent 
study conducted by Alligrini et al. revealed that an exten-
sion of crevicular epithelial cells could also be histologi-
cally demonstrated in the implant neck area [2]. Among 
other things, this makes the implant area more susceptible 
to periodontal disease and thus special treatment needs. 
Chemo-mechanical methods have lately been employed to 
debride implant surfaces [10, 25, 29, 41, 42, 48, 50, 58]. The 
complicated architecture of an implant makes establishing 
a decontamination protocol difficult. Therefore, traditional 
tools such as curettes, scalers and sickle probes are insuf-
ficient to ensure proper treatment of an implant surface 
contaminated with pathogens [59]. Another disadvan-
tage of this protocol is the risk of damage occurring to the 
implant surface [21, 34, 61]. Diode and Er:YAG lasers could 
play a significant role in decontaminating an infected 
implant surface [46, 47]. However, particular attention 
should be paid to preventing overheating of the bone [18] 
when applying these devices during surgical procedures. 
Due to direct bone-implant-contact and the special com-
position of the soft tissue in the implant neck area, the 
blood flow in this area is reduced, which increases the risk 
of thermal injuries being transmitted by the implant to the 
bone tissue. Eriksson et al. found in a series of studies [12, 
11] that increasing the temperature of bone tissue by 10°C 
for 60 s causes permanent changes in the bone structure. 
Therefore, a tissue temperature gradient (ΔTa) below 10°C 
should be regarded as optimal and safe.

The implant temperature gradient depends on the 
differences in the physical and chemical properties of the 
titanium grades, in particular on thermal conductivity 
(TC), which is almost three times lower in grade V than in 
grade IV titanium [35] (Table 1).

Numerous reports have analysed the relationship 
between increases in implant surface temperature and the 
amount of laser energy applied [14, 15, 24, 28, 31, 37, 55, 
60]. However, to the best of our knowledge no compara-
tive study has been conducted on how much Diode and 
Er:YAG lasers at different energy settings increase implant 
temperature, taking into account the width and chemical 
composition of implants.

The aim of our study was to evaluate increases in 
implant temperature, taking into account the diameter 
and the titanium grade of implants. In particular, we 

Table 1: The physical and chemical properties of titanium and its 
alloys according to the American Society for Testing and Materials 
(ASTM).

Grade of 
titanium

  Tensile 
strength 

(MPa)

  Modulus 
of 

elasticity 
(Gpa)

  Density 
(g/cm3)

  Elongation 
(%)

  Thermal 
Conductivity 

(W/m-K)

CP I Ti   240  102  4.5  24  22.6
CP II Ti   345  102  4.5  20  22.6
CP III Ti   450  102  4.5  18  22.4
CP IV Ti   550  104  4.5  15  20.1
Ti6Al4V   930  113  4.4  10  6.9
Ti6Al4V ELI   860  113  4.4  10  6.9

measured the time it takes for the temperature of an 
implant to rise by 10°C and evaluated the laser power set-
tings needed to prevent thermal injury when an implant 
surface is being decontaminated during the course of peri- 
implantitis treatment.

Materials and methods
The study was carried out on six implants that were 10 mm in length 
and divided into two groups according to their diameter (6.0 mm, 
4.5 mm, 3.2 mm) and chemical composition (grade IV and grade V 
titanium). Group I included implants made of grade IV pure titanium 
(Dentium Co., Seoul, Korea) and group II included implants made of 
grade V titanium [AB Dental, Ashdod, Israel; Ti6Al4V ELI (extra low 
interstitial) alloy, composed of titanium, aluminium and vanadium] 
with one implant of each diameter.

The implants were placed in two ribs of a recently slaughtered 
pig intended for consumption and which had been obtained from a 
butcher. The distance between each implant was 2 cm. A total of three 
titanium grade V implants (AB Dental, Ashdod, Israel) were placed 
in the first rib while three titanium grade IV implants (Dentium Co., 
Seoul, Korea) were inserted in the second. Each implant had a dif-
ferent diameter. A hole (3 mm in diameter) was drilled in each bone 
at mid height with a trephine bur so as to simulate peri-implantitis.

The ribs were placed in a heated container that had been filled 
with water at a temperature of 37°C and kept there for 20 minutes so 
as to simulate the conditions of the oral environment. The tempera-
ture was monitored with a MCP (Medicare Clinical Products) Gold 
mercury thermometer (Medicare Products Inc., New Delhi, India). As 
a consequence, it was always possible to measure the temperature 
gradient starting from 37°C. The reaction to changes in implant tem-
perature was measured with a calibrated digital Thermocouple Meter 
TM-902C thermometer (Zhangzhou Weihua Electronic Co., Fujian, 
China) by touching the internal thread of the implant neck with a 
probe. Due to the fact that laser irradiation was not possible with the 
ribs placed in water and to prevent a temperature fall, the implants 
were directly irradiated after the removal from the heated container. 
Every measurement was taken three times and the mean value was 
then subjected to statistical analysis (Figure 1). The temperature gra-
dient for each sample was calculated as the difference between the 

Bereitgestellt von | De Gruyter / TCS
Angemeldet

Heruntergeladen am | 27.10.16 13:02



J. Matys et al.: Thermodynamic effect on laser irradiated implants      501

Statistical analysis

The statistical analysis was based on ANOVA variance analysis and 
a t-test conducted using Statistica 10 software (StatSoft, Krakow, 
Poland). Values below p = 0.05 were considered to be statistically 
 significant.

initial temperature, immediately before laser irradiation, and the 
temperature rise immediately after laser irradiation. The measure-
ment error was 0.5% using a K Thermocouple Probe temperature 
probe, type TP-02 (Zhangzhou Weihua Electronic Co., Fujian, China).

The lasers used in the research had the following parameters:

Figure 1: Monitoring and measurement of the reaction to changes in the temperature of the inserted implants.

Er:YAG laser (LiteTouch®, Syneron Dental, Yokneam, Izrael):
Power settings:   0.5 W   (50 mJ, 10 Hz, energy density 

per pulse: 6.37 J/cm2)
  1 W   (100 mJ, 10 Hz, energy density 

per pulse: 12.74 J/cm2)
  2 W   (200 mJ, 10 Hz, energy density 

per pulse: 25.48 J/cm2)
  3 W   (300 mJ, 10 Hz, energy density 

per pulse: 38.21 J/cm2)
  4 W   (400 mJ, 10 Hz, energy density 

per pulse: 50.96 J/cm2)
Size of the tip:   1.0 × 17 mm  
Exposure time:   10 s, 20 s, 30 s 
Irradiation angle:  70°  
Non-contact mode at 1 mm distance
Without cooling with water spray

Diode laser (980 nm, Kavo®, Gentleray, Charlotte, NC, USA):
Power settings:   0.5 W   (irradiance: 708 W/cm2)

  1 W   (irradiance: 1415 W/cm2)
  2 W   (irradiance: 2831 W/cm2)
  3 W   (irradiance: 4246 W/cm2)
  4 W   (irradiance: 5662 W/cm2)

Spot diameter:   300 μm  
Exposure time:   10 s, 20 s, 30 s 
Irradiation angle:   70°  
Non-contact mode at 1 mm distance
Continuous-mode

Results
An analysis of temperature increases on implant surfaces 
in conjunction with increases in laser power revealed 
significant differences for the Diode laser after exposure 
times of 20 s and 30 s. When the other laser energy set-
tings and exposure times were taken into account no 
significant different results could be found between the 
Diode and Er:YAG lasers (Figure 2).

Our findings show that following irradiation with 
the Diode and Er:YAG lasers, the implant temperature of 
grade IV implants increased much more rapidly than it 
did in the case of grade V implants. A significant implant 
temperature increase was observed following Diode and 
Er:YAG laser irradiation with 10 s and 30 s exposure times 
depending on the titanium grade used. The results after 
20  s of irradiation indicated no significant implant tem-
perature changes for either laser type (Figure 3).

Depending on the laser type used, no statistical sig-
nificant differences in implant temperature rise were 
observed. However, the mean implant temperature 
increase after Er:YAG laser irradiation was lower than was 
the case when a Diode laser was used.

An analysis of implant temperature increase in 
relation to implant diameter revealed significant dif-
ferences between both laser types in terms of a corre-
lation between a rise in temperature and a decrease in 
implant diameter, with the exception of a 20  s expo-
sure time. Furthermore, no significant differences were 
observed in the time required to heat up an implant by 
10°C. However, grade IV titanium implants reached the 
target temperature in a shorter time than grade V tita-
nium implants. The temperature of none of the grade 
V 6 mm diameter titanium implants rose by more than 
10°C (Table 2) when applying the laser parameters used 
in this study.
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Figure 2: Temperature rise on implant surface along with increase in laser power (1 W, 2 W) using a Diode laser after 20 s and 30 s exposure 
time.
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Figure 3: Implant temperature rise after Diode and Er:YAG laser irradiation depending on the titanium grade of the implants.
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In their comparative analysis of increases in soft 
tissue temperature Mergio et al. stated that Er:YAG lasers 
resulted in a smaller rise in tissue temperature than Diode 
and CO2-lasers [36]. Fornaini et al. also emphasised that 
an Er:YAG laser causes a smaller implant temperature 
increase than a Diode laser [14]. The results are similar to 
those obtained in our study. However, there was no statis-
tically significant difference.

Taniguchi et  al. defined the optimal Er:YAG laser 
parameters required to decontaminate an implant surface 
and not produce any changes in the microstructure of the 
implant. Those parameters were 30–50 mJ (30 Hz, 1.5 W; 
10.6 mJ/cm2) [55]. In our study we tried to establish the 
safe parameters for Diode and Er:YAG lasers that do not 
cause a significant increase in the implant temperature 
(above 10°C), and found them to be 100 mJ (10 Hz, 1 W).

Studies using these laser parameters in vitro and in 
vivo reported a high decontamination potential [50, 48, 
49, 53, 52, 13]. Several previous studies have confirmed 
the effectiveness of Er:YAG laser irradiation at 10 Hz [55]. 
For example 60 mJ/pulse, 10 Hz ensures reliable removal 
of bacterial cytotoxic components from implant sur-
faces in vitro without altering the surface morphology of 
 microstructured surfaces [55] and Kreisler et al. reported 
a bactericidal reduction between 98.39% and 99.6% 
depending on the titanium surface properties using 60 
mJ/pulse, 10  Hz [26]. Schwarz et  al. evaluated the cell 
attachment on different titianium surfaces in vitro [48]. 
Supragingival plaque was built up for 24  h on acrylic 
splints with sand blasted and acid etched titanium discs. 
After Er:YAG laser irradiation using 100 mJ/pulse, 10 Hz 
( = 12,7 J/cm2), SEM examination demonstrated nearly the 
same cell density per mm2 as the control surface [48], indi-
cating the high decontamination potential using these 
laser parameters. 100% bactericidal effects were consist-
ently achieved even at 90 mJ/pulse, 10 Hz in short pulse 
mode [57]. Schwarz et al. compared the clinical effect of 
Er:YAG laser application using 100 mJ/pulse, 10 Hz with 
water cooling and that of mechanical debridement using 
plastic curettes and antiseptics (CHX 0.2%) for non-surgi-
cal treatment of peri-implantitis baseline, 3 and 6 month 
after therapy. Both therapies led to significant improve-
ment of the investigated clinical parameters (PI = plaque 
index, BOP = bleeding on probing, PD = probing depth, 
GR = gingival recession, CAL = clinical attachment level) 
but a statistical significant greater reduction of BOP (52% 
improvement) compared to mechanical debridement 
(22% improvement) could be found for Er:YAG laser treat-
ment after 6 month [50]. Nevertheless no reports about 
bacterial reduction and subgingival microflora after 
laser treatment had been carried out. In another study 

The analysis showed that after 30  s irradiation time 
with an Er:YAG and Diode laser (power setting of 1 W), the 
temperature gradient was below 10°C in all the implants 
(Figure 4).

Discussion
To the best of our knowledge, no comparison has yet been 
made ex-vivo in the literature between the effects of Diode 
and Er:YAG laser irradiation in increasing the tempera-
ture of grade IV and V titanium implants. Nonetheless, 
the impact of lasers on implant temperature has already 
been analysed in relation to laser power [14, 15, 24, 28, 31, 
37, 55, 60]. The main objective of this study was to deter-
mine effective and safe energy settings for Er:YAG and 
Diode lasers for most current implant sizes of implants 
made from pure titanium (grade IV) and titanium alloy 
(grade V; Ti6Al4V composed of 90% titanium, 6% alu-
minium, 4% vanadium, maximum 0.25% iron, maximum 
0.2% oxygen) [7].

Table 2: The time and Power settings for Diode and Er:YAG lasers 
required to raise the temperature of an implant by 10°C.

   Diameter 
(mm)

  Diode laser   Er:YAG laser

Grade IV 
titanium 
implants

   3.2  17 s (3 W and 4 W), 
29 s (2 W)

  15 s (4 W), 24 s (3 W), 
29 s (2 W)

   4.5  18 s (3 W and 4 W)   16 s (4 W), 26 s (3 W)
   6  18 s (3 W and 4 W)   18 s (4 W), 28 s (3 W)

Grade V 
titanium 
implants

   3.2  18 s (3 W), 24 s (3 W)  18 s (4 W), 28 s (3 W)
   4.5  29 s (3 W)   28 s (4 W)
  6  –   –
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Figure 4: Effect of Diode and Er:YAG laser irradiation (Power 
setting: 1 W; 30 s exposure time) in raising the temperature of 
the implants, depending on the diameter and titanium grade, 
respectively.
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by Schwarz et al. 94.2% clean implant surfaces and only 
5.8% residual plaque biofilm could be found with the 
use of Er:YAG laser at 100 mJ/pulse, 10 Hz ( = 12.7 J/cm2) 
[49]. These laser parameters are in accordance with our 
study results recommanded for safe thermal laser use. 
Sennhenn-Kirchner et  al. reported a nearly complete 
removal of fungal cells with Er:YAG laser using the same 
laser parameters (100 mJ/pulse, 10 Hz) [53].

In an actual literature review, Kamel et  al. critically 
evaluated studies assessing the in vitro efficiency of differ-
ent lasers and settings in the bacterial decontamination 
of titianium implant surfaces. The potential of lasers to 
decontaminate titanium implant surfaces was confirmed 
by all studies included except by one using Nd:YAG laser 
[20]. Various powers for Er:YAG laser in the different 
studies ranged from 30–200 mJ/pulse, 5–30  Hz and for 
Diode laser the power settings ranged between 0.25 and 
3 W [20]. Concerning decontamination potential of Diode 
and Er:YAG laser appplication in the non-surgical treat-
ment of peri-implantitis no clear recommandations for 
safe and effective laser settings could be found [20].

In contrast to the Er:YAG laser, it seems that the Diode 
laser is not effective in removing calcified deposits [4, 38], 
hence, it is often recommended only as additional treat-
ment tool to conventional scaling and debridement [51], 
but the potential temperature rise is also a point of interst 
in its clinical use. Fontana et al. investigated the bacteri-
cidal efficiency of the power intensity 0.4, 0.6, 0.8, 1 and 
1.2 W of Diode laser in an experiment on rats [13]. Bacte-
rial reduction was evident in all cycles irrespective of 
the power intensity and Romanos et al. reported that the 
Diode laser does not cause surface alterations of titanium 
even in a high energy level [43].

With wavelength of 810–980 nm and Power setting of 
1 W a 98.86–99.98% bacterial reduction could be reached 
with Diode laser debridement [52]. Comparable results 
could also be confirmed by Tosun et al. at the same Power 
setting of 1  W [57]. On the other hand in a split mouth 
controlled clinical study about non-surgical treatment of 
peri-implantits Arisan et al. could not find any additional 
positive effect of adjunctive Diode laser appliaction (810 
nm, 1 W, pulsed mode, 1 min, 1,5 J) on peri-implantitis 
healing after 1 and 6 month on rough acid etched and 
sand blasted implant surfaces compared to conventional 
mechanical scaling and debridement with plastic curettes 
[5]. Healing was assessed by periodontal indexes (base-
line, after 1 month), microbiologic specimens (baseline, 
after 1 month) and radiographs (baseline, after 1 month) 
[5]. Using higher Power settings (2.5 W) a bacterial reduc-
tion of 99.4%–99.9% on the different titanium surfaces 
were reported [27]. For Diode laser, decontamination 

capacity increased from 45% at 0.5  W to 99.9% at 2.5  W 
[27] and had nearly complete bacterial decontamination 
capacities with 3 W and 4–7 W at 20–80 Hz [20]. In our 
study the power settings of 3 and 4 W were only found to 
be safe in the case of titanium implants exceeding 4.5 mm 
diameter. Due to a different resistance of parodontopath-
ogenic bacteria to laser light, there is a variable decon-
tamination of microbial organisms, and implant surface 
morphology also plays a significant role in microbiota 
reduction [20]. For example Enterococcus faecalis and 
Streptococcus sanguinis were more resistant to Diode laser 
irradiation than Porphyromonas gingivalis [16, 17]. A 100% 
reduction of P.  gingivalis could be reached on different 
implant surfaces irradiated with 2.5  W and 3  W without 
damaging any of the implant surfaces, whereas rough 
implants contaminated with E. faecalis and irrigated with 
2.5  W were left partially contaminated (decontamina-
tion of 78.6% for sand blasted and 49.4% for acid etched 
implants) [16].

All these facts together makes variable decontamina-
tion protocols necessary. Therefore, it is the more impor-
tant to known the temperature rise of the different implant 
types and materials which are safe for clinical use. Decon-
tamination efficacy usually increases in a dose-dependent 
manner [20] and dependent on the wavelength of the used 
laser type. Due to this the anti-bacterial power needed for 
decontamination is different [16] so that probably even 
higher energy settings are required dependent on the 
species involved.

It should be noted that some authors compensate 
for the lower laser energy of the Er:YAG laser by using a 
higher frequency [55, 9]. However, in the authors’ opinion 
compensating for lower laser energy with a higher 
impulse frequency is not the best solution, as it intensi-
fies the thermal effect by reducing the time required for 
tissue cooling. This correlation has also been reported by 
Matsuyama et al. [33] and Aoki et al. [3] whereat the pulse 
repetition rate was the determining criterion for a tempera-
ture rise, increasing the risk of thermal damage of the tita-
nium implant surface [54]. As a consequence, increased 
laser power at a lower frequency ensures reduced thermal 
effects. On the other hand, in the case of continuous-wave 
lasers, i.e. CO2-lasers, a lower power level is recommended 
for precise cutting.

Similarly to research conducted by Kreisler et al. [24], 
Wooten et al. [60] and Lambrecht et al. [28], we observed 
that implant temperature increased along with laser power.

In their in vitro study on implants placed in vinyl 
polysiloxen (VPS), Geminiani et  al. stated that a tem-
perature rise of more than 10°C (ΔTa) could be recorded 
10 s after Diode laser application (980 nm and 810 nm) 
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using a power setting of 2 W [15]. In our study a temper-
ature rise of more than 10°C could only be observed in 
the case of grade IV titanium implants (smallest diam-
eter; 3.2 mm) after 29 s of irradiation using a Diode laser. 
However, the implants had been placed in the ribs of a 
recently slaughtered pig. Therefore, the bone tissue in 
direct contact with the implants helped slow down the 
rise in implant temperature. Lejla et al. reported that in 
the case of implants inserted in bovine ribs, an increase 
in temperature could be observed after 18 s of irradiation 
with an Er:YAG laser [31].

We assumed that a maximum implant surface tem-
perature rise of 10°C would be optimal and safe for bone 
tissue. The results for both laser types showed that the 
temperature did not rise by more than 10°C for either of the 
analysed implants with a laser setting of 1 W and an expo-
sure time of 30 s. Such outcomes are in accordance with 
a study conducted by Monzavi et  al., who reported that 
implants irradiated with an Er:YAG laser (power setting 
of 100 mJ; 10 Hz; 1 W) rose in temperature by 4.30°C on 
average after 60 s exposure time [37]. Similar results were 
reported by Kreisler et  al., who observed a temperature 
rise of below 10°C after Er:YAG laser irradiation and with 
Power settings of 60–120 mJ (10 Hz; 120 s irradiation time) 
[23]. However, the authors did not differentiate between 
the analysed implants in terms of their composition and 
physical properties, in particular their TC, which in the 
case of pure titanium is three times higher than it is for 
titanium alloys.

The higher TC of grade IV titanium implants may 
lead to a considerable increase in implant temperature 
during irradiation, which, in turn, may result in the bone 
tissue overheating. Due to better decontamination of the 
infected implant surface, therefore, higher power settings 
(3 W–4  W) for Er:YAG and Diode lasers may particularly 
be considered for grade V titanium implants exceeding 
4.5  mm diameter. Further studies should be conducted 
to assess the impact of lasers on the surface structure 
and the continuity of the titanium oxide layer covering 
the implant surfaces, as well as to analyse increases in 
implant temperature in vivo.

Conclusion
An excessive rise in implant temperature, induced by 
a laser light, may result in irreversible changes in the 
bone structure due to overheating. Implants composed 
of grade IV titanium heat up much faster than grade V 
titanium implants composed of titanium, aluminium and 

vanadium alloy. Prior to the treatment of peri- implantitis, 
correct laser parameters should be chosen, depend-
ing on the chemical composition (titanium grade) and 
the diameter of the implant, as well as the laser type, so 
that decontamination of the implant surface is thorough, 
effective and safe. It is generally recommended that the 
settings for Diode and Er:YAG laser application should not 
exceed 2 W and 30 s exposure time. However, in our study, 
in which we analysed grade V titanium implants exceed-
ing 4.5 mm in diameter, laser power settings of 3 W or 4 W 
were also within the safety limits.
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