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Abstract: The purpose of this study was to empley the use of thermographic techniques to compare temperature changes and
thermal heat transfer patterns i soft tissuss when using the 443nm-dicds laser with mitizted and non-mitizted tips. Metheds:
EBovine tongue slices measurmg 5 mm m thickmess were placed m between two microscopy glass slides at a distance of 11 cm
from a thermographic camera Fifteen 2 cm long incisions were made along the surface of the soft tissue parallel to the glass
slides and the camers capture ficld. Incisions were performed using 2 445nm diede laser (contmuous wave at 2 watts) with 320w
m-thick glass mitiated and non-mitisted fiber tips for a total 30-second rradiztion period. The meximum temperature changes m
oC (AT) m the soft tissuss, as weall 23 the verticz]l and lzterzl heat transfer (in mm), wers recorded 2t 10-second mtervals for 2
duration of 30 seconds, using the thermographic images captured using the infrared camera and a special image analysis seftware.
Descriptive statistical anzlysis ocowrred to eveluate the temperzmre changes over the critical temperatre threshold. Besults: The
maximum AT i oC for the mitiated lazsers was 17.48 = 9.05 and for non-mitiated lasers was 10.72 = 229 The heat transfer in the
two groups for verticallatersl was 7.50 = 1.4/13.30 = 4.01 for the mitizted lasers and 7.10 = 1 8271924 = 386 for the non-
mitisted lasers. Conclusion: lumatﬂd tips znd nen-initiated tips of 443nm laser present desp penstration depths and high
temperatures m bovine homogenous soft tissues. The irradiztion peried and clinical mdication must be stricly followed to aveid
complicztions from overheating i soft izsues.
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1. Introduction

Soft tissus dieds lasers are 2 type of dental lasers that operate i the 310-930 nm wavelength range. They are often used
periodontal therapy, implantology, orzl surgery, and cosmetic dentistry, zmoeng other zress. One of the mam zdvantages of using
soft issue diode lasers m dentz] settmgs is thew shility to provide precise, contrelled cuttimg and zblation of soft tissues, without
damaging adjzcent tissues. Additionally, soft tissue dicde lasers offer several other benefits, mcuding significant hemostasis,
minimal postoperative pain, and improv ed hezling times [1]. One of the most common uses of soft tissue diode lasers i dental
settings 13 in pertodontal therapy. Lasers can be used to remove disezsed or mflamed gmgiva, 2s well 23 to decontammate root
surfaces and petiodontz] pockets [2]. By using lasers i periodontal therapy, clinicizns can achisve better access to deep pockets,
lezding to improved outcomes for patients with severe periodontitis. Furthermore. studies have shown that laser-assisted
periodontz] therapy can result in significant improvements m climical attachment levels, comparsd to traditional trestment
metheds [3]. Lasers offer the distinet adventage of dismfecting the surgical site mstamtly, a]lu:mme; for a noncontzct procedurs
that elimimates mechaniczl trzuma to the tissue. Specifically, diode lasers_ introduced i the mid-1990s for denta] md oral SUrgery.
are favored for thewr compact size, portzbility, and cost-effectivensss m comparisen to other lasers, making them a popular cheics
among practitioners. These lasers operats at wavelengths such as 810, 240, and %30 nm, and when appropriztely selected and
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zpplied, they prove to be safe and effective for various soft tissue surgeries [4]. Besearch has further supported the potential
benefits of diode lasers, with studies mdicatmg that they cause lower thermal damage to tissues compared to other laser types and
therefors have been used i medicine and dentistry [3, . Despite these advantages. some studies have pointed out disadvantages
such 23 delayed repair i larger lesions and the risk of charring i smaller ones, “similar to issuss faced with other laser types .
During su.rg'ical procedures, emploving a laser can lead to blesding, discomfort after the operation, and 2 sensation of buming.
Without zdequate coolmg while emittmg laser beams, there's a risk of necrotizmg both hard =nd soft tissues [3]. Additionally,
concemns regarding lazer plume mhzlation and its potential to cause respirztory lesions m operstors have been raized [9]. The
main chjective of our study is to identify the thermegraphic effects of the 445nm blue light diede lzser with mitisted- and non-
mitiated glass fiber tips, to better understand the mfluence of tip type m laser snergy m an ex vivo zpplication usmg 2 smulant of
clinical setting.

2. Literature Review

The effects of lasers mto fouwr primary categories based on their biolegical mteraction: Electromechanical effects; Non-
thermal effects meluding photochemical reactions, photophysical processes, and photobiostimulztion | bophetomodulation [10].
The smdy of laser-issue mteractions must consider the thermal properties of tissues, which are mtrmsically lmked to how
temperature s distributed within them. The study of thermal energy transport i biclogical tissues, such 2z conduction,
convection, radistion, metzbolic processes, and phase changes, noted that lasers can preduce 2 spectrum of effects from
cozgulation to meltmg, depending on the lzser’s pesk power and wawvelength. Water vaporization ocours at 100°C, leading to the
formation of gas bubbles and subsequent thetmzl decompesition of tissue, and without water, carbon ztoms create smoke i 2
process termed carbonization; beyond 300°C, melting can ensue. Thiz area of study, mcuding the principles of photophysical,
phetochemical, and photobiclegical mteractions and other laser-tissue dynamics, is extensively documented m the liveraturs [11].
Soft tissue diede lasers are slse commonly used m mplantelogy, where they can be used to expose implant sites, remove exeess
tizsue, and contour the pingival tizsus zround mplant restorations. By using lasers i implantology, clinicians can achieve a mote
precize and predictzble outcome, with reduced blesding and swellmg compared to traditional metheds. Furthermors, laser-
zszisted implant decontaminztion has been shown to result m better re-osseomtegration of ziling implamts m vive. Similar
applications of laser ensrpy have shown thet Low-Level Laser Therapy (LLLT) has shown to the essecintegration of biomaterial s,
boosting their functionality. It has been shown to substantially promote cell adherence to the swfzces of implants, which
positively affects the long-term stebility and effectivensss of grafted materizls [12]. In addition to pericdontz] therapy and
1I|:Lp1':'cl:ttu:slu:&g':r soft issue diede lasers are alse used m orzl surgery. cosmetic demtistry, pediatric dentistry, and other aress of
dentistry [13]. Lasers cam be used to trest ozl lesions such as zphthous ulesrs, ﬁbmmas and hemanzwmas with raduesd
discomfort and faster hezling times compared to traditional metheds [14]. Lasers can also be usad to p&rfu-rm frenectomies,
gingivectomies, and other soft tissue procedures, with minimal discomfort and rapid hezling times [13]. The dicde laser is
recognized 23 an extremely effective technique for performmg excisionzl biopsies on benign oral soft tissue growths, offermg
benefits during and after the operation thet surpass thoze of traditional scalpel-based surgery [16]. The application of lasers
pediatric dentzl procedurss s faversbly received by beth the voung patients and thewr parents. The minimzlly mvasive nators of
this approach often results m more cooperative behavior from children during dental trestments [17]. The use of diode laser
therapy i conjunction with graphite paste has shown to greatly reduce dentinal sensitivity after tradiation therapy, 2 1:1:La'ra1,':ﬂ:r that
was zlso desmed safe for pulpal health [18]. Lasers have also been observed to d.rasu.,a]l} decrease bacteriz lozd i multipls
dentzl zpplications [19]. Despite the many benefits of soft tissue diode lasers, thers are slso some limitztions to their use n dental
settngs. One lmitation i3 thewr varisbly high cost over tradiionsl scalpels, which may lmit their zecessibility to some dental
practices [20]. Additionally, lasers require specialized traiming and expertize to use effectively, and may not be suitzble for 2l
patients or 2l cinical sitwations. Fmally, lasers may pose seme potential risks to patients, such as accidental damage to adjzcent
tissues, and the potentizl for thermal damage to tissuss. Dicds lasers offer substmmtizl benefits zcross 2 ramge of dentzl
mterventions, vet practitioners should remain aware of potential adverse outcomes, meluding the exeessive heating of zdjacent
tizzues znd mmplants within the mouth.

The 443 nm wavelength laser presents 2 promizmg tool for oral soft tissue surgeries. mcluding cutting, removing tissues,
and sterillizing areas, by leverapging its high absorption rates in key biclogical components like melanin znd hemoglobin, 2s well
2z collagen under blue light conditions. Unlike conventionzl near-mfrared (NIE) diede lasers, the 445 nm laser’s effectiveness is
not significanfly dimmished by water, sllowmg for precise =md mmmedizte meisions without pre-heatmg. This specific
wavelength ensures that energy iz efficiently absorbed by the targeted tissue arezs, minimizing thermal damage to surrounding
areas and enhancing surgical precision [21]. The unique biophysicsl characteristics of the 443 nm lzser, meluding its transmission
through tissue znd its thermoegraphic behavior, suggest superior performance i tissue zblation from the outset, with minimal
thermal impact at lower power levels and controlled temperatre meresses zt higher mtensities. These findmgs highlight the
potential of the 4435 nm lazer 2z 2 more effective and safer ltemative for oral soft issue surgeries and caries ablation compared to
traditionzl IR lasers, offering 2 blend of high sbsorption and reduced side effects [22, 23], Although the advantages are well
documented, there zre razed concems over the use of 445nm diode lasers to decontzmmate mplant surfaces dus to overheating,
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mdicating 2 conflicting opimion zbout the safety of the 443nm laser [24]. Specificzlly, studies documenting temperaturs
fluctnztions within uniform tissues subjectsd to 443 nm diede laser trestments. distmguishing betwsen mitiated- =nd non-
mitizted-laser tips, zre zhsemt from the literstwe. Similaly, there's 3 lack of research utilizmg thermographic techniques to
capture and quantify tissue thermal profiles during expesurs to 2 445 nm diede laser, whether usmg mitiated- or non-imitiated tips.
Our research secks to employ thermegraphy to both visuzlly and numerically assess the tempersture shifis and thermeal spread
that hemogensous bovine oral soft tissues underge when wradizted with 2 445 nm diode laser, comparing the effects of both
mitizted- znd non-nitiated tips.

The energy from the laser mtersets with biological tissues m various mammers. such as through reflection, transmission.
zhsorption, and seattering processes. Beflection typically has 2 mimimeal impact, whereas trmsmission can reach and affact dmﬂ
tissue strata. Conw ers_l}_ zhsorption and scattering exhibit 2 reciprocal dynamic, whete scattering can cause heat to diffuse mto
nen-target arezs, possibly leading to unmtended harm or tissue dezth. However, the nitiation of diede laser tips can mitigate such
scatterimg effects by focusmg the laser's energy at the pomt of contzet, thersby diminishing the likelthood of excessive thermal
buildup znd subsequent tissue damazge. This mitiation process entails the lzser tip's preparation with blue-colered articulating
papets priet to performing tissus cuts [23].

3. Research Methodology

Bovine tongue slices from fresh slaughtered voung cows mezsuring 5 mm i thickmess were placed i betwesn two
microscopy glass slides 2t 11 cm from a thermographic mfrared camera (3640 Series, ICT Infrared cameras, Inc., Beaumont, TX)
at room temperature (170C). Microscopy slides were stzbilized with red meldmg wax. Fed molding wax was plated purposefully
to not impact the thermography readimgs of the bovine tissue through the microscopy glass slides. Bovine tongues wers sourced
from a local market with direct access to slaughtered cows daﬂm Tengue tissue was stored m the I“ﬁ“lEEraTI}I unit at 5oC
overnight and allowed to warm to room temperature over the course of 4-6 hours. All tissues were inspectsd to be moist, non-
spoiled, with visible heme prior to the mitiztion of the meoisions. In this study, forty meisions, each 2 cm m length were executed
with 2 443 nm S#rcBlue dicde lzser by Sirona, besed m Bensheim, Getmany, utilizing both nitiated and non-initizted tips. The
cuts were zpplied acress the top of the homoegensous tissus, n alignment with the microscope slides and within the visual fisld of
the thermographic camerz This camera was strategically positioned at 2 right angle to the slides’ length to monitor thermal shifis
zeross the tizsue via the slides, capturing temperatmre data st specific intervals: at the outset, 10 szconds, 20 szconds, and 30
seconds mto the procedure [thu.r= 1). These thermal readings and images were documented i rezl-ime using spﬂmahznd
thermographic software. The mcisions were conducted i 2 contact mede using 2 320 nm glass fiber. Initiation of the laser up
mvelved a brief touch to blue ariculatng paper from Bausch [26], which was used to coat the fiber tip with pigment. Bansch's
articulzting papers are lmown to be 2 blend of oil, pigments, and wax, with specific proportions being 10% each of blue and red
pigments, 30% white mimeral oil, and 10% natural waxes, snsuring the absence of hazardous materials and no extrzordinary risks
under standard application conditions. After mitiation, the glass fiber tips exhibit 2 distmet blus'purple marking on the cutting
edge. The ideclogy behind mitizting the tips iz to 2llow the articulator colormg to zbsork and concentrate the 443nm diode laser
enetgy 2s it travels through the glass fiber rod, allowing 2 more controlled zpplication of wavelength energy at the cutting edge
where the mitiated markings are present. During these procedures, zll personnel wers equipped with protective eyewsar suited for
the 4435 nm wavelength.

Figure 1
Experimental Setting
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3.1. Experimental setting

In this contrelled ex vive experiment, the mvestigative team sought to 2ssess the pesk temperature flucmations (AT) within
uniform slices of bovine tongus when meised usmg 445 nm dicde lasers equipped with both mitated and non-mitizted tips.
Specimens from bovine tongues, standardized at 3 mm i width and cut to 2 precise length, wete uniformly prepered by 2 single
researcher using a consistent methed, then anchored betwesn glass slides positioned 11 mm from a thermographic camera. Each
piece featured dusl horizontz] planes suitzble for meisions, limited to 2 pair per plane. to guarantes the use of unaltered tissue for
every eizion, thereby aveiding the mfluenee of residuzl thermal diffusion. Utilizing 443 nm dicde lzsers, the study sxecuted 2
total of 40 mcisions with 320-micron plass fiber tips i 2 steady wavelength setting, calibrated to 2 2-watt power level, achieving
2 power mtensity of 2,488 Wiem2. All mcisions were consistently made to 2 depth of about 2 mm across 2 span of 30 seconds.
Twenty meisions were conducted with an mitated tip. while the remzining twenty mvelved 2 non-mitizted tip, 2l by 2 smgular
sutgeon (G.F.) who possesses substantial expertize in laser surgeries. Thermographic imaging captured by zn infrared device
throughout the 30-second laser exposure allowsd for the evaluation of maximal temperaturs shifts a2t specific mtervals, slongside
the real-time observation of thermal propagation during the mcision process.

During ezch trial, four thermographic images were captured using an infrared camera Three members of the research team
were necessary to ensurs the accurate and consistent record of time throughout the experiment. The experienced dental surgeen
(GE.) performed zll the meistons usmg the blue light 445nm diode lasers m the soft tissues. Prior to the non-mitiated
experimentz] group, articulztion paper was not usad to mitiate the tip. Prior to the mitizted experiments] group, G.E. mitizted the
tip with articulating paper briefly. The used 320-micron-thick glass fiber tips were discarded after each experimental trial. Each
bovine soft tissue was mcised with a new glass-fiber tip. One members of the t=am recorded the time and tock snepshots of the
mages zt the correct times, while the other member of the tezm recorded the pezk temperatires of ezch snapshot taken at specific
time mtervals. The first image was taken before the 30-zecond irradiztion peried, and the remaiming three imazges wete taken at
10, 20, and 30 seconds.

The IE. FlashPro Softwere® served to evaluzte these thermographic imapes, logging mitial znd pezk temperatires for sach
specific interval. Temperature variation (AT) was determined by the differsnce between the baseline temperzture (squivalent to
ambient room conditions) and the highest temperature recorded. Using the thermographic software, both lateral and vertical heat
diffusion (mezsured zs the height and brezdth of thermal expansion mto the tissue) were quantified to discem thermal energy
dizpersion discrepancies between mitizted- znd non-initizted plass fiber tips. Mezsursments for the thermal spreed were obtamed
from the on-screen digital scale with 2 ruler, znd 2 mathematiczl equation was applied to translate these digitzl dimensions mto
precise soft-tissus mezsuwrements. To quantify the spread of thermal energy within the tissue, an equation was formulated to
rectify the scalmg disparmies: ALS1=ALS2 where ‘A’ signifies the true size of the tissue m millimeters, and "3" denotes the on-
scteen size i millimeters. The zrea impacted by thermal emetgy was gauged by messuring the length and breadth at
zpproximately two-thirds of the radins from the center of heat loss, which was the point of highest temperature. This two-thirds
segment was selected due to its reproducibility and clarity within the thermopraphic analysis software. Ensurmg consistent
energy loss measurement zeross each experiment was cmciz] dus to the varizbility i mitial 2nd maximum tsmperators rezdings.
The IR.11 filter was utilized to homogenize the zssessment of radiztion impaect within the soft issue. The dimensions of both
lateral and vertical thermal dispersion were meticulously decumented m millimeters.

3.2. Statistical analysis
Descriptive stetistics]l anzlysizs occurred to evaluste the temperature chanpes over the criticsl temperature thresheld A

comparative analysis of the temperature changes over a period of time for mitiated- znd non-imitiated tips was performed using
ANOVA,

4. Results

Thermal Variations with Inttizted Tips for 445 nm Diode Laser

At the 10-second mterval, the average pezk temperature variation recorded with mitizted tips 2t 2 443 nm diede laser
wavelength was 12.00 = 10.06°C. Progressmg to the 20-zecond mterval, this average pezk temperamre el=vation was noted as
13.12 = 12.79°C._ By the 30-szcond int=rval, the recorded averzge pezk temperatire rise using the same laser setip was 1748 =
9.05°C (refer to Tzhle 1).

Thermal Variations with Non-mitiated Tips for 445 nm Diode Laser
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Atthe mitizl 10-second mezsurement, the average pezk temperatore rize using the 443 nm dieds laser wavelength with non-
mitiated tips stood at 3.87 = 1.94°C Moving to the 20-second messurement, the observed zverage pesk temperature morement
was 140 = 249°C. Fmally, 2t the 30-zecond mezsurement, the zverage peczk temperasture esczlation with non-mitiated tips
reached 10.72 = 229°C (Table 1).

Thermzl Energy Displacem ent Patterns — Inthiated Versus Non-iniated Tips

When utilizing nitizted tips, the 443 nm dieds lzser showed a vertical heat transfer (indicating depth of penetration) of 7.50
= 140 mm and z lateral heat spread (mdicatmg width) of 18.30 = £.01 mm. In contrast, with non-mitiated tips, the laser exhibited
2 verticzl heat migration (penetration) of 7.10 = 1.82 mm and 2 laters] extent of heat distribution (width) of 1924 = 3.36 mm
(depicted m Figures 2-4).

Table 1
Temperature change over irradiation period during homogenous bovine oral soft tissueirradiation and heat
distribution after 30 sec of irradiation in depth (height) and width (lateral heat distribution), where A1is 10s of
irradiation, A2 is 20s of irradiation, and A3 is 30s of irradiation

AL(PC) A2 (PC) A (°C) Height (mm) | Width (mm)

Initizted 12=10.06 18.12=12.79 17.48=9.05 1.50=1.40 18.30=4.01

initiated 387=154 T40=240 1072229 T10=1.82 1924= 336

Figure 2
Average lateral and vertical heat transfer after 30 s of irradiation with a 445 nm laser (a) and changes in the
tissue temperature within 30 sec of irradiation in the homogenous musce of the cowtongue (b)

Average Lateral and Vertical Heat Average Change in Maximum Temperature
Transfer of 445nm Irradiation at 30s of Bovine Tongue after 445nm Irradiation

al{los] ma2

m Height ([mem)  mWidth (mm) 120 mad (305

rgth | mmi)

2
Changte in Temperature (&C]
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3

Thermographic images of initiated 445 nm laser tips, respectively. Single image snapshots used as a
representative of the mean data collected

4

Thermographic images of non-initiated (right) 445 nm laser tips, respectively. Single image snapshots usedas a
representative of the mean data collected

Figure 5
Thermographic images at 0s, 10s, 20s, 30s, of irradiation period
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Images have respective average caleulations for penetration depth, lateral heat sprezd. and mamimum change i temperaturs
at 30 seconds (Figure 3). The non-mimzted tip i3 responsible for lowsr energy concentration compared to the temperamre merezse
utilizing the mitizt=d tip to concentrate the snergy ot the radiztion spot.

The comparisen between temperature changes utilizing the non-mitiated- and mitizted tips showed a statistice] significance
(p=0.03) over period of 10, 20 and 30 s=c of trradiation period (Table 2

Table 2
Temperature tissue change s utilizing the non-initiated and initiated tips showed a statistical significance (p<
0.05) over the 10 sec (change 1), 20 (change 2}, and 30 sec (change 3) irradiation period

Group Statistics
tme mitizted N Mezn Std Deviation | °hpnf
non-mitiated 20 3.87 1.94 A3
change 1 temperzture_changs
mitizted 20 12.00 10.06 2325
non-mitiated 20 140 249 36
change 2 temperzture_changs e
mitizted 20 18.12 12.79 286
non-initiated 20 10.72 229 A1
change 3 temperzture_changs
mitizted 20 17.43 0.05 202

Table 3
Independent samples test of significance between vertical and lateral heat transfer

Independent Samples Test
Equal variances assumed
Lerz'en:'-f Test ot Equality of t-test for Equality of hieans
J ariances y
93% Confidencs Interval
i of the Differance
Mezn Std. Error - i
F Sig. t df Sig(2-taled) | Dhifference | Difference Lower ~Pper
width 300 387 - 179 33 A41 -1.300 2311 -5.474 2.379
height 0353 516 an 33 A45 42350 3.511 -6.007 13.407

However, the comparison of the latera]l heat transfer (width) and vertical depth (height) showed no statistically significant
differences (p= 0.03) between the non-mitizted- and mitiated tips (Table 3).

5. Discussion

Our research mdicated significant differences i temperature change when using iitiated- versus non-initiated laser tips
with 2 445 nm diede lzser wavelength durmg oral soft tissue surgeries. Inmiated tips, which concentrate energy more effectively,
resultad in 2 higher temperature change in bovine tongue tissue over a 30-second trradistion period (reaching an average of 17.48
= 9.05°C) compared to non-mitiated tips (reaching 10,72 = 2.29° C} Despite this, both types of tips exhibited similar pattems of
heat transfer m terms of depth and width, suggesting ﬂnat the primary difference lies i the zmount of energy delivered to the
tizsue rather than the pattern of energy distribution. The standzrd deviztions between the temperatures was explzined by the effect
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that the mcisions were performed by 2 surgeon’s hand and not by 2 calibrated device, representing these varistions 2 simulation
of the clmical settings.

There is no doubt that 2 better analvtica] selution would the utilization of the hypetbolic Pennes bichezt equation &x vive.
Thiz model would be an zdditionz] mfermation cbtzimed from this study because we tested homogensous orzl tissues [27].
However, the constant movement of the laser (heat source) was not the szme and zpproximates the climiczl mtraorzl movement
Thiz form of evaluztion could be applied i future studies to estimate better the thermal distribution i living tissue compared to
the present thermom stric thermographic model.

Alzo, i 2 similar experimentz] sstting i our lab, we were zble to show that differsnt nesr-IR lasers (970 znd 930mnm)
present differences i lateral heat and tissue penetration, using initiated of noninitizted fibers [23], and due to these differences,
power settings and irradiztion peried must be considersd to aveid risks due to ovetheating.

The importznce of these findings lies i the potential for improved surgical outcomes. The use of mitiated tips could enzble
climicizns to pEt'fBIIﬂ procedures with greater precision due to the higher temperstres zchieved, which may translate to mors
efficient cutting and coagulation of tissue. Additionzlly, the lack of significant differences m heat transfar pattems between
mitizted- 2nd non-initizted tips suggests that the risk of collateral thermal damage remzins similar, sllowing surgzons to select the
zppropriate tip based on the desired temperzstire profile without compromising the safety profile. However, the wider v arizhil ity
m temperzture change with mitizted tips mdicates 2 need for careful management of laser parameters to aveild excessive thermal
effects. These fmdmgs contribute to the optmization of 445nm lzser-assisted surgeries, balmemg efficacy, and safety for better
patient cutcomes.

Recommendations

The present study mvestigated the safety thresheld and hest distribution within the homoegsnsous bovine tongue muscls
during the irradiation with 2 443 nm dicde dentzl laser. Our fmdings revezled that the use of 2 contact 443 nm diede laser using
these lzser parameters and utlizing initizted or non-initiated glass fiber tips can lezd possibly to tissue overhesting and damage
highlighting the importance of understanding the safety threshold and heat properties of these lasers in periodontal applications
especially when tissue is very thin (thin phenotypes). The dinical use of diode lasers can alse result i adverse effects, such as
tissue damage necrosis, and pam. if the laser parameters are not properly controlled and monitorsd. Thersfors. it s crucis] to
determine the safety thresheld znd heat properties of diede lasers to zvoid these undesirable outcomes. Our results showed that
the temperzture morezse i soft tissues during irradiztion with 443nm diede lasers was dependent on the powsr density,
utilization of mitisted- or non-mitiated tip, =md expesurs time of the laser. Specifically, higher powser densities and longer
exposure times led to grester temperzture mersases, which can potentizlly cause irreversible tissue damage. It is significant the
mformation cbtzined from this study, that the heat distribution due to the laser iradistion iz over 13 mm laterslly and
approximately 7 mm m depth (with approximately Zem incisions). This thermal radiation can have irreversible tissue damage
especially when tissue s very temperature sensitive and when the temperature icrease is over the 100C within one mimute.
Bazad on owr fmdings, the initiated tip in contact mereases the tissue temperature very fast providing excellent cutting afficiency
for the specific tissue, at 2 very high rate of heating (hemoegenous tizssue with great v asmlmzatm-n bovine tongus). Thersfors, it
is fmpottant to use appropriste laser tips (with of without ntiator) and monitor the temperatire changes i rezl-time during dentzl
procedures to ensure safe and effective trestment outcomes. Moreover, our smdy may mdicate the use of cooling techniques,
such as =ir or water spray, may be necessary to reduce the temperature increase i soft tissues during 4435 nm diode laser
wradiation. These coolng metheds can effectively dissipate the heat generated by the lzser light and prevent tissue damage.
However, the optimzl cooling parameters, such a3 flow rate and distance, need to be determined for each laser system and tissus
type. Our fmdmgs emphasize the need for 2 better understanding of the safety thresheld and hest properties of 445 nm diode
lazers for oral soft tissue applications. Clinicians should carefully select the laser plass fiber and laser settings, monitor the
temperature changes i rezl-time, and use approprizte coolmg techniques to ensure safe and effective treatment outcomes. Future
studies can mvestigate the efficacy of different methods and parsmeters providing better safety protocols m reducmg tissue
overhezting and demage during diods laser wrradiation for better clinies] outcomes m oral soft tissus surgery.

While our study has provided valusble msights mte the thermal effects of 2 445 nm dieds lzser on bovine tongue tissuss
with mitiated- versus non-mitiated tips, it i imperative to note that these fmdings may not be directly extrapelatzble to m-vive
clinical trials. Bovine tissues, while 2 useful anslopus due to their availsbility and similarity to human tissues o terms of
thickmess and vascularization, possess differsnt bochemicz] and histological properties compared to human oral mucesa [29].
The implications of these differsnces are twofold: fustly, the thermal behavior ebserved m m-viro bovine tissues might differ
from humen tissues, potentially lezding to different safety thresholds. Secondly, the responses to thermal stress can vary between
tissue types (bovine tongue v human mucesa), which could affect the thermal laser effects. Ackmowledging this limitation, the
logical progression for our research is to conduct i vive studies m 2 controlled clinical setting. Such studies would enable us to
observe the effects of the 445 nm diode laser on human tissues, considermg the complex mterplay of f2ctors present m a live oral
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environment. Varizbles like saliva flow, bleod perfusion, and the unique thermal conduetivity of human mucesa would provide 2
mors accurate representztion of the laser’s effects. Moreover, it would be beneficizl to explors the differsnces m outcomes
between mitizted and non-iitiated tips m 2 dinical setting. While our study indieates 2 differsnce i thermeal effects betwaen the
two, the zctual impact on trestment outcomes, patient comfort, znd tissue healing needs to be zssessed i vive. This would zlso
glow for the evaluation of recl-time temperzmrs monitoring and the effectivensss of cooling techniques i preventmg
overhezting thersby optimizmg laser parameters for safe and efficacious periodontal treatments.

Our study serves 23 2 preliminary mvestigation, highlighting the potential for tissue ovethezting using mitiated laser tips and
the mportance of understandimg laser-tissue mteractions. The transition to m vive human smdies is cuciz] for the development
of evidence-based protocols that snsure the safe use of diode lasers m dentistry. Clinicizns must remain cognizant of the findings
from such research to refme theiwr practice and safegnard against adverse cutcomes while hamessing the benefits of advanced
lazer tachnology.
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