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Abstract

Introduction: Peri-implantitis is a relatively new and difficult disease that is becoming more common. Of the different therapeutic op-
tions to manage this condition, lasers show certain advantages over other therapeutic alternatives because of their antibacterial potential.

Aim: The aim of the present study was to investigate the temperature rise of implant surfaces, soft tissues, and bone during irradiation
with diode, Co,, and Er:YAG lasers.

Materials and methods: Ten implants inserted in biological models were irradiated with three laser systems with different parameters:
a diode laser (980 nm) with power levels of 0.75 W and 1.6 W; a CO, laser (10600 nm) with power levels of 252 W and 241 W; and an
Er:YAG laser (2940 nm) with power levels of 1.5 W, 6.8 W, and 7.5 W. The temperature rise was measured using a specially designed
thermal probe (type K thermocouple) with accuracy of £0.1°C over the range from 20°C to 80°C. The temperature was measured at 5
points - in the implant body, in the mucosa, in the middle part of the implant, in the implant apex, and in the bone around the implant
apex. Measurements were obtained at 1 minute working interval.

Results: Diode and CO, lasers with both parameters used increased significantly the temperature of more than 46°C, whereas the tem-
perature in the Er:YAG laser group was less than 30°C. There was a statistically significant difference between diode, CO,, and Er:YAG
lasers in favor of the erbium laser.

Conclusions: The Er:YAG laser demonstrates the best thermal properties during irradiation of the implant surface. The three working
modes tested - 1.5 W, 6.8 W, and 7.5 W - provide safe intervention on both the soft and bone tissues of the implant interface and on
the implant itself.
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INTRODUCTION condition occurring in tissues around dental implants,

characterized by inflammation in the peri-implant mucosa
According to the last Consensus report on the Classifica-  and subsequent progressive loss of supporting bone”. This
tion of Periodontal and Peri-Implant Diseases and Condi-  condition is not characterized by specific microorganisms
tions, peri-implantitis is “a plaque-associated pathological ~ and successfully treated by anti-infective methods.!!)
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Laser therapy is a modern treatment technique that can
be used effectively in addition to conventional mechanical
methods for disinfection in peri-implantitis. Various la-
sers demonstrate antibacterial action against periodontal
pathogens which are found to be similar in a peri-implant
infection.!>3! Therefore, lasers, due to their bactericidal ac-
tion and excellent tissue ablation, are considered as some of
the most promising devices to reduce failure rates in dental
implantology.[”]

Romanos et al. report that ablation of the implant sur-
face with CO, laser in continuous mode, power levels of
2-4 W, and noncontact defocused handpiece leads to de-
contamination of the implant surface and hence effective
treatment of the peri-implantitis.’) Although there is no
clinical significance in using diode lasers as an adjunct to
peri-implantitis therapy, there are a lot of studies discussing
this treatment modality.l”8] Another laser used very often
in the peri-implant therapy is the Er:YAG laser. Takasaki
et al. demonstrate that this laser provides effective and safe
debridement of the implant surface.”!

However, laser ablation is a thermal process that could
cause an excessive temperature rise in the target and sur-
rounded tissues.'”) Clinicians have to know laser tissue
interactions and choose the correct wavelength according
to their treatment needs. Heat generation is an important
factor for osseointegration and implant survival. Tempera-
ture rise over 47°C may cause tissue trauma and further
implant loss.') Many researchers have tried to measure
the heat produced during radiation using devices such as
thermocouples and thermal cameras. The cells subjected to
a higher temperature have a reduced mineralization capac-
ity. Also, thermocouples are defined as the ideal device for
measuring heat during osteotomy in the preparation of the
implant site.[1?]

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.!'*!

AIM

Therefore, the purpose of the present study was to deter-
mine the temperature changes in and around implants
during laser irradiation with Er:-YAG, CO,, and diode lasers
by means of integrated digital systems with thermocouples.

MATERIAL AND METHODS

Ten titanium DFI implants, size L 13 mm, D 3.75 mm (Al-
pha Bio Tec’, Israel) are used in the study. They are placed
in biological models - pig jaws, prepared for the needs of
the study in a licensed slicing factory (Fig. 1).

The thermostatic system, as well as the thermosensor, is
created for the purpose of this study by Prof. Plamen Za-
gorchev, Department of Medical Physics, Biophysics and

Laser-Assisted Treatment of Peri-Implantitis

Figure 1. Implants placed in a biological model - a pig jaw.

Maths, Faculty of Pharmacy, Medical University of Plo-
vdiv, Bulgaria. The interface dual-channel laboratory data
processing system operates with a 13-bit analog-digital
converter programmed for parallel communication with
a personal computer and ensures temperature tracking
with an accuracy of +0.0250°C. The sampling interval is
500 ms. Data obtained from the collection and averaging of
800 measurements are submitted to the parallel port of the
computer for this interval.

Control of the temperatures indicated on the computer
display is carried out before each measurement and a cali-
brated Hart 1522 Handheld Standards Thermometers from
Hart Scientific Utah, USA, bought with Steinhart-Hart
semiconductor thermosensor thermistor polynomial
YSI 400, certified with an accuracy of +£0.005°C for the
range from 0°C to 50°C.

The system provides the possibility of real-time graphi-
cal monitoring of temperature changes in the implant and
surrounding tissues, as well as archiving, subsequent data
processing, and determination of important thermody-
namic parameters.

The samples are placed in a cylindrical microproces-
sor-controlled ultra-thermostat filled with distilled water at
a temperature of 32.50°C+0.05°C, which is stirred inten-
sively during the experiment.

Temperature measurements are carried out with a
Fluke 16 digital thermometer (Thermometer, Fluke corpo-
ration, USA) stacked with a specially made thermosensor
(Type K thermocouples) with an accuracy of £0.1°C for the
range from 20°C to 80°C. The time to establish thermody-
namic equilibrium is only 200 ms because of the extremely
small mass of the sensor (<5 mg). As a result, the exact tem-
perature reading of each second (per 1000 ms) is achieved.

The thermometer is placed at different points on the sur-
face 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 inserted into the opening
of the implant body;

Middle - the temperature sensor is inserted through
an opening in the jaw, made with round bur No 14, to the
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middle part of the implant;

Mucosa - the thermosensor is placed in the mucosa of
implant interface;

Apex - the thermosensor is placed at the implant apex
through a hole in the bone;

Bone apex - the thermosensor is inserted into the bone
around the implant apex.

For irradiation of the cervical part of the implant sur-
face, we used three types of lasers with different parameters
as described below:

1. Er:YAG laser — 2940 nm (Lite TouchTM, Light Instru-
ments, Yokneam, Israel) is used in the study with the fol-
lowing factory preset parameters:

- Bone remodeling (BR) - power 7.5 W; energy 300 mJ;

frequency 25 Hz;

- Granulation tissue ablation (GTA) - power 6.8 W; en-

ergy 400 mJ; frequency 17 Hz;

- Periodontal pocket debridement (PPD) - power

1.5 W; energy 50 mJ; frequency 30 Hz.

2. CO, laser (DS_40UB, Daeshin Enterprise, Seoul, Ko-
rea) with a wavelength of 10 600 nm and the following fac-
tory preset parameters:

- Pocket sterilization (PS) — power output 241 W; pulse

duration (PD) = 300 ys, relaxation time (RT) = 20 ms;

- Implant second surgery (ISS) — 252 W; pulse duration

(PD) =200 ps; relaxation time (RT) = 5 ms.

3. Diode laser (LITEMEDICS, Milano, Italy) with a
wavelength of 980 nm and two modes of factory settings:

- Periodontics — power 0.75 W; peak power 2.5 W; fre-

quency 10 Hz;

- Surgery low - power 1.60 W; peak power 5.0 W; fre-

quency 700 Hz.

The results are processed and analyzed by the Krus-
kal-Wallis method. The values are exported to determine
a statistically significant difference between the dimensions
in the groups at a level of significance <0.05.

RESULTS

Results from the study are presented in Figs 2-6. Fig. 2
demonstrates temperature changes in the implant body
during laser irradiation. Diode and CO, lasers with both
parameters used lead to a significant increase of the tem-
perature of more than 46°C, whereas the temperature in the
Er:YAG laser groups is less than 30°C.

When measured in the middle part of the implant
through a hole in the bone, high temperatures were reg-
istered in the diode laser groups — more than 44°C using
0.75 W power and more than 60°C using 1.6 W power. In
the CO, laser groups, the temperature was less than 38°C
and in the Er:YAG laser group - less than 32°C (Fig. 3).

The temperatures we measured in the mucosa of the im-
plant interface were similar to those in the middle part of
the implant - in the diode laser groups they were the high-
est (44.3+1.41°C for 0.75 W and 59.9+1.15°C for 1.6 W), in
the CO, laser groups they were less than 38°C and in the

Er:YAG laser groups they were the lowest (30.29+0.82°C
for 1.5W, 31.5+0.97°C for 6.8 W and 30.1+0.88°C for
7.5 W) (Fig. 4).

In the apical part of the implant body, the temperatures
reached at 1 minute are shown in Fig. 5. In the diode and
CO, laser groups, the temperature was more than 38°C
whereas in the Er:YAG laser groups it was less than 32°C.
The highest temperatures were measured at irradiation
with the 1.6 W diode laser (51+1.05°C) and with the 252 W
CO, laser (45.5+1.08°C).

The temperature found in the bone around the apex
of the implant body was less than 47°C in all treatment
groups. However, in the diode and CO, laser groups, it was
more than 36°C whereas in the Er:YAG laser groups it was
less than 32°C.

The data for the temperature amplitudes in all treatment
groups are shown graphically in Fig. 7.

The statistical significance for the Er:YAG laser is pre-
sented in Table 1. There is a statistically significant differ-
ence for all tested sites between the Er:YAG laser and the
diode and CO, lasers in favor of the Er:YAG laser. For all
significant differences found in the study, please, contact
the authors.

DISCUSSION

The main laser-material (tissue) interactions are reflection,
transmission, absorption, and scattering. The interaction
between laser light and metal surfaces is determined main-
ly by the degree of absorption and reflection. Each metal
has a certain ability to reflect, which depends on the specif-
ic wavelength of the laser. The reflection coefficient of tita-
nium when irradiated with the Er:YAG laser is around 70%
and for the CO, laser it is as high as 96%.!4]

Absorbed energy leads to frequency-dependent pro-
cesses of fluorescence, photothermic, and thermal effects.
Due to the extremely poorly represented transmission and
depth absorption, it focuses primarily on the reflection ca-
pacity of the titanium implant. It seems very important for
the observed thermal effects and explains at first glance the
weak absorption of infrared (thermal) laser radiation both
in the volume of the implant and in its adjacent tissue (Nac-
hkov et al., 2018). Measuring the thermal effects during la-
ser exposure in therapeutic procedures in the maxilla-fa-
cial region is a key point for the result and prognosis of the
treatment in the long term.

The basic methods for determining temperature changes
in biological tissues are either through an infrared thermal
chamber or through a thermometric system with thermo-
couples. Generally, the thermocouple is more strongly in-
fluenced by the surrounding factors and must be fully im-
mersed and in appropriate contact with the environment in
which the temperature is measured. In the present study,
we conduct that the experiment closely resembles the real
conditions in the oral cavity due to its tempering to the
physiological temperature.
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Figure 2. Mean values of the temperature (in °C) in the implant body during irradiation with all tested lasers and parameters.
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Figure 3. Mean values of the temperature (in °C) in the middle part of the implant body, tested through a bone hole, during irradiation
with all tested lasers and parameters. The red line is at 47°C.
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Figure 4. Mean values of the temperature (in °C) in the mucosa during irradiation with all tested lasers and parameters. The red line
is at 47°C.
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Figure 5. Mean values of the temperature (in °C) in the apex of the implant body, tested through bone hole, during irradiation with all
tested lasers and parameters. The red line is at 47°C.
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Figure 6. Mean values of the temperature (in °C) in the bone around the apex of the implant body during irradiation with all tested
lasers and parameters. The red line is at 47°C.
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Figure 7. Summary data of the temperature amplitudes registered for diode, CO,, and Er:YAG laser irradiation.
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Table 1. Statistically significant results in the comparison between Er:YAG laser and diode and CO, lasers

2

Dunn’s multiple comparison test X P

In

Diode L 0.75 W vs. Er:YAG 1.5 W 58.20 <0.001
Diode L 0.75 W vs. Er:YAG 6.8 W 54.40 <0.001
Diode L 0.75 W vs. Er:YAG 7.5 W 48.20 <0.01
Diode L 1.6 W vs. Er:YAG 1.5 W 104.6 <0.001
Diode L 1.6 W vs. Er:YAG 6.8 W 100.8 <0.001
Diode L 1.6 W vs. Er:YAG 7.5 W 94.60 <0.001
CO, 252 Wvs. Er:YAG 1.5 W 69.25 <0.001
CO, 252 Wvs. ErnYAG 6.8 W 65.45 <0.001
CO, 252 Wvs. Er:YAG 7.5 W 59.25 <0.001
CO, 241 Wvs. ErnYAG 1.5 W 66.35 <0.001
CO, 241 W vs. Er:YAG 6.8 W 62.55 <0.001
CO, 241 Wvs. Er:YAG 7.5 W 56.35 <0.001
Middle

Diode L 0.75 W vs. Er:YAG 1.5 W 73.50 <0.001
Diode L 0.75 W vs. Er:YAG 6.8 W 59.00 <0.001
Diode L 0.75 W vs. Er:YAG 7.5 W 79.00 <0.001
Diode L 1.6 W vs. Er:YAG 1.5 W 91.50 <0.001
Diode L 1.6 W vs. Er:YAG 6.8 W 77.00 <0.001
Diode L 1.6 W vs. Er:YAG 7.5 W 97.00 <0.001
CO, 252 Wvs. EnYAG7.5W 38.50 <0.05
CO, 241 Wvs. Er:YAG 1.5 W 55.50 <0.001
CO, 241 Wvs. ErnYAG 6.8 W 41.00 <0.05
CO, 241 Wvs. EnYAG7.5W 61.00 <0.001
Mucosa

Diode L 0.75 W vs. Er:YAG 1.5 W 73.50 <0.001
Diode L 0.75 W vs. Er:YAG 6.8 W 59.00 <0.001
Diode L 0.75 W vs. Er:YAG 7.5 W 79.00 <0.001
Diode L 1.6 W vs. Er:YAG 1.5 W 91.50 <0.001
Diode L 1.6 W vs. Er:YAG 6.8 W 77.00 <0.001
Diode L 1.6 W vs. Er:YAG 7.5 W 97.00 <0.001
CO, 252 Wvs. Er:YAG 7.5 W 38.50 <0.05
CO, 241 Wvs. ErnYAG 1.5 W 55.50 <0.001
CO, 241 Wvs. ErnYAG 6.8 W 41.00 <0.05
CO, 241 Wvs. Er:YAG 7.5 W 61.00 <0.001
Apex

Diode L 0.75 W vs. Er:YAG 1.5 W 48.25 <0.001
Diode L 0.75 W vs. Er:YAG 6.8 W 41.75 <0.05
Diode L 0.75 W vs. Er:YAG 7.5 W 47.25 <0.01
Diode L 1.6 W vs. Er:YAG 1.5 W 92.50 <0.001
Diode L 1.6 W vs. Er:YAG 6.8 W 86.00 <0.001
Diode L 1.6 W vs. Er:YAG 7.5 W 91.50 <0.001
CO, 252 Wvs. ErYAG 1.5 W 74.50 <0.001
CO, 252 Wvs. EnYAG 6.8 W 68.00 <0.001
CO, 252 Wvs. Er:YAG 7.5 W 73.50 <0.001
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CO, 241 Wvs. EnYAG 1.5 W 46.75 <0.01
CO, 241 W vs. Er:YAG 6.8 W 40.25 <0.05
CO, 241 Wvs. EnYAG7.5W 45.75 <0.01
Bone apex

Diode L 0.75 W vs. Er:YAG 1.5 W 38.00 <0.05
Diode L 0.75 W vs. Er:YAG 6.8 W 39.75 <0.05
Diode L 0.75 W vs. Er:YAG 7.5 W 50.50 <0.001
Diode L 1.6 W vs. Er:YAG 1.5 W 78.00 <0.001
Diode L 1.6 W vs. Er:YAG 6.8 W 79.75 <0.001
Diode L 1.6 W vs. Er:YAG 7.5 W 90.50 <0.001
CO, 252 Wvs. EnYAG 1.5 W 74.50 <0.001
CO, 252 W vs. Er:YAG 6.8 W 76.25 <0.001
CO, 252 Wvs. EnYAG7.5W 87.00 <0.001
CO, 241 Wvs. Er:YAG 1.5 W 42.50 <0.05
CO, 241 W vs. Er:YAG 6.8 W 44.25 <0.01
CO, 241 Wvs. EnYAG 7.5 W 55.00 <0.001

Only three types of lasers of the infrared range are suit-
able for treatment procedures in implantology: CO, (car-
bon dioxide), diode, and Er:YAG (erbium: yttrium-alu-
minum garnet) due to their specific interaction with the
titanium implant.[!*]

Currently, all data in the literature show that reaching
the upper limit of 47°C at 1 minute leads to irreversible
changes in the surrounding implant bone. Determination
of the parameters of the temperature during prophylactic
and healing procedures is of utmost importance for the
creation of predictable protocols and successful results.[!]

A challenge for modern periodontology and implantol-
ogy is determining the thermal effects during laser irradi-
ation on the titanium implant body and the implant inter-
face in laser-assisted peri-implantitis therapy.

In the present study, the diode laser (1.6 W) made the
temperature increase at 1 minute above the biological
threshold of 47°C in the implant body, in the middle part
of the implant body, in the mucosa, and in the apex of
the implant. This would have adverse consequences in
clinical conditions - denaturation of proteins, necrosis
of soft and hard tissues, and impaired osteointegration.
In addition to the titanium implant loss, complications
of a local and general nature can occur. Similar results
are reported by Geminiani et al., who used the same laser
wavelength (980 nm) for 1 minute irradiation time and
concluded that the critical threshold of temperature rise
of 10°C could be reached just for 12 sec when using the
continuous mode of irradiation and for 23 sec when using
the pulsed mode.'® These results demonstrate that the
diode laser does not have the appropriate wavelength for
implant irradiation.

The CO, laser can operate contactless, in pulse mode,
and under air cooling. However, it generates high tempera-
tures in and around the implant that reach the thermal
limit of 47°C. Interestingly, the temperature rise when ir-

radiating with CO, laser is the highest in the implant body
(more than 47°C), in the implant apex (more than 38°C),
and in the bone around the implant apex (more than 37°C).
In the mucosa around the implant and in the middle part
of the implant body, the temperature is between 32°C and
38°C. Probably, there is an accumulation of heat along
the implant body, which results in higher temperatures
around the apex in comparison to the middle part of the
implant and the mucosa of the implant interface. Mouhyi
et al. obtained similar results.!'”] They advise irradiation of
wet implant surfaces because the temperature rise in these
circumstances is significantly less. The time tested in their
study is extremely short — only 5 seconds.

The results obtained in this thermocouple study demon-
strate that the laser with the best physical-biological pa-
rameters is the Er:YAG laser. Even during a prolonged
operation, this wavelength does not lead to a temperature
increase in the implant interface, and in certain areas it
decreases slightly (the temperature is less than 30°C in the
implant body and around 31°C in the other tested sites).
This phenomenon is favored by the water cooling system of
the laser and the pulse mode of the beam that allows time
for the thermal relaxation of tissues. A similar decrease of
about 1-2°C is obtained when irradiating root surfaces with
an Er:YAG laser.!8) Kreisler et al. demonstrated that using
the Er:YAG laser even without water cooling did not cross
the threshold of 47°C for a 120-second irradiation.!'*! They
used energy levels of 60, 80, 100, and 120 m]J and output
temperature of 37°C. When using water cooling there was
a decrease in the temperature. Our study demonstrates
similar results of temperature decline after 1 minute of ir-
radiation with 50, 300, and 400 m] energy levels. Similar
results have been reported also by other authors.'®) The
Er:YAG laser appears to be safe for the surrounding bone
tissue because there is no temperature rise after 1 minute of
irradiation.2%!
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Safe measurements during implant irradiation with
Er:YAG laser determine the clinical use of this laser sys-
tem during peri-implantitis. A recent systematic review of
Schwarz et al. shows that the adjunctive use of laser could
lead to better results in peri-implantitis therapy.2!)

CONCLUSIONS

Based on these results, we conclude that among the most
effective methods that could be included in modern thera-
peutic protocols in the treatment of peri-implantitis is the
Er:YAG laser. The three working modes described - 1.5 W,
6.8 W, and 7.5 W ensure safe intervention on both soft and
bone tissues of the implant interface and on the implant
itself.
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Pe3tome

BBefieHue: [TepruMIUTaHTUT — OTHOCUTEIBHO HOBOE ¥ CTIOKHOE 3a60/IeBaHMe, KOTOPOe CTAHOBUTCS BCE 60JIee pacIipOCTPaHEHHBIM.
VI3 pasnmnmyHbIX TePANeBTNYECKIX BAPUAHTOB JIEUEHNA 9TOTO COCTOAHNUA /Ia3epPhl IEMOHCTPUPYIOT OIIpeie/IEHHbIe IPENMYIEeCTBa 10
CPaBHEHUIO C APYTUMH TepaNeBTNYeCKVMI aIbTePHATUBAMM M3-3a MX aHTUOAKTePUaTbHOTO IOTEHIMAIA.

Lensb: Henbio HacTOsAIEro UCCIef0BaHNA ObIIO M3y4YeHe IIOBBILICHNA TEMIIEPATYPbl IOBEPXHOCTE MMIIIAHTATOB, MATKMX TKaHel 1
Kocteit ipu 06mydennu guopubiM, CO,- n Er:YAG-nmasepom.

Matepuanbl  MeTofbl: [lecATb MMIIAHTATOB, BCTAB/IEHHBIX B 6J10/IOTMYeCKIIe MO/, 00/Iydasy TpeMs Ia3ePHbIMI CUCTEMaMI C
pasHBIMU IapaMeTpaMu: JMOLHBIM asdepoM (980 nm) morHoCcTbI0 0.75 W 11 1.6 W; CO,-nasepom (10600 nm) mougHOCTBIO 252 W 11
241 W; n Er:YAG-nazepom (2940 nm) ¢ ypoBusimu mMorgHocty 1.5 W, 6.8 W 11 7.5 W. TIoBbl1IIeHIIe TeMIIEPATYPbI M3MEPSIIN C TIOMOLIbIO
TepMOJaT4MKa CIIelManbHON KOHCTPYKIuM (Tepmomnapa tuna K) ¢ tounocreio +0.1°C B guanasone ot 20°C go 80°C. Temmneparypy
U3MepsUIN B 5 TOUKAX — B TeJIe MMIUIAHTATa, Ha CIU3MCTOI 060/I0UKe, B CPefHell YaCT! UMIUIAHTATa, B 00/IaCTY BePXYIIKY MMIUIAHTaTa
1 B KOCTU BOKPYT BEPXYILIKM MMIUIAHTaTa. VI3MepeHs MPpOBOAUINCD C pabOYMM HHTEPBAIOM B 1 MUHYTY.

Pesynbtartbl: [Juopubrit u CO,-masep ¢ 060MMY MCIIONIb3YeMbIMI TTAPAMETPAMI 3HAYNTENTbHO TIOBBICHIN TeMIlepaTypy 6oree yeM Ha
46°C, Torga Kak Temiieparypa B rpyie nasepos Er:-YAG 6buta Menee 30°C. Habmoganach CTaTUCTHYECKY 3HAYMMAs PasHULA MEX/TY
muopsbiM, CO,- 1 Er:YAG-nmasepom B onb3y ap6ueBoro masepa.

3akntoueHue: Jlazep Er:YAG meMOHCTpupyeT HawlTydllye TEIUIOBbIE CBOCTBA IIpM OOMyYeHMN IIOBEPXHOCTH MMIUIAHTAaTa. Tpu
[pOBepEHHBIX pabounux pexuma — 1.5 W, 6.8 W 1 7.5 W - obecrnieunBaroT 6e30macHoe BO3IENCTBIE KAK Ha MATKIME M KOCTHBIE TKAHM
nHTepdeiica UMIIaHTaTa, TaK 1 Ha CaM MMIUIAHTaT.

KnwoueBble cnoBa

CO,-nasep, fuonHblit nasep, Er:YAG-asep, nepuuMIniaHTUT, TEpMUIECKIE USMEHEHNS, TEMIIEPaTypa
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