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Abstract: Laser is an advantageous system that can be used in different medical applications, and one of them is
soft tissue handling in periodontal and surgical dentistry. The recent research aimed to histologically compare the
erbium, chromium YSGG laser, and wavelength-dual diode laser in oral surgical incisions according to cutting
morphology.

Method: This was an ex vivo study using the pieces of tongue from the sheep as samples. 810(50%) + 980 (50%)
nm diode laser was operated continuously (CW) with two average powers: 1.5 and 2.5 W. 2780 nm erbium, chromium
YSGG laser was used in pulse mode with two average powers: 2.5 and 3.5 W. Incisions were made on the tongue
parts, and after histopathological processing, the regularity and morphology of the incision and the cutting depth of
each incision were measured under a light microscope.

Results: The regularity and morphology of erbium, chromium YSGG laser incisions were significantly higher in
quality (especially those of the low output power of 2.5 W) than those of the diode laser (P value < 0.05). The cutting
depth was significantly higher when the power increased, no matter the type of laser system (P value < 0.05).
Conclusions: Most regular incisions have been achieved with 2.5 W power of Erbium, Chromium YSGG laser.
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1. Introduction

Soft tissue lesions within the oral cavity are very common and can have various clinical signs, including
mucosal ulceration and nodular and colored lesions. These lesions may be painful or not, and they may be
uncomfortable for the patient during food mastication, speech, or appearance. Clinicians must be able to
distinguish between normal findings, anatomical variation, and abnormal tissue proliferation (pathological
conditions) [1], [2]. Drugs, hot or spicy food, mechanical or chemical trauma, and immunological and
systemic disease are different causes leading to these lesions, or they may be idiopathic. Some of the oral
soft tissue lesions required surgical removal for histopathological diagnosis [3]. The laser is one of the most
advanced surgical modalities and has an effective role in oral soft tissue treatment [4].
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The semiconductor GA As powers the diode laser (DL) by producing wavelengths 400 to near IR spectrum.
The majority of diode lasers use a flexible optical fiber to send laser beams in either a continuous or gated
pulsed mode to the working field [5]. DLs operating with spectral ranges of 8§10 and 980 nm have been
considered as a potential tool for oral soft tissue surgery [6]. Diode lasers are effective in cosmetic surgery
such as gingivectomy and excision of oral lesions such as pyogenic granuloma and epulis fissuratum. Diode
laser treatment offers advantages such as no bleeding, a clearer field, a shorter operation time, a disinfected
site, faster healing, minimal postoperative pain, and a lower cost [7], [8].

Erbium, Chromium YSGG laser at 2780nm wavelength, free running pulsed laser, has proved to be
useful for treating many hard tissue procedures and soft tissue operations since both water and
hydroxyapatite crystals absorb a significant amount of this laser [9]. Er, Cr: YSGG laser was effective in
oral soft tissue surgery such as gingivectomy and implants as it preserved the morphology of fibroblasts
with no evidence of carbonization and less thermal damage extent in the tissue [10], [11].

The novelty of the research was using a dual-wavelength diode (810 nm most coagulated diode laser

and a 980 nm laser, which is used more in fibrous tissue) in soft tissue incision and also using the pulsed
laser (Er, Cr:YSGG), which is less used in soft tissue surgery.
Histologically, few studies compare both diode and Er, Cr: YSGG laser systems and no one talks about the
most regular and deepest incision by the clinicians in both lasers. Current research aimed to histologically
compare the morphology of cutting by both diode and Er, Cr: YSGG lasers to get the smoothest and the
most regular incision in oral surgery.

2. Methods

2.1. Study design and samples collection

It was an experimental comparative study in animal specimens to evaluate both lasers with two different
powers in every system for a more specific result between two wavelength laser systems. The variables
were laser wavelength and average power.

The source of the samples was the tongue of the recently slaughtered Iraqi sheep (five tongues) aged 8— 17
months and irradiated within five hours after slaughter. The incision was made on the lateral surface of each
tongue after cutting into small pieces; the dimensions of each piece were 1.5 cm length*2 cm width*1 cm
thickness (Figure 1). For each laser type, there were two groups with two different average powers, each
with seven pieces, so the whole number was 14 for each laser system.

2.2. Laser systems

The dual-wavelength diode laser (QUICKLASE 12W dual 4 (810+980), England, UK) was used with an
optical fiber delivery system in continuous emission mode (CW), and a power meter (PINTUDY,
Guangzhou, CN) was used for power adjustment. The second system was the Erbium, Chromium YSGG
laser (WATERLASE I PLUS, California, USA) with a gold handpiece and MZ6 tip in pulse emission mode
(PW). (The complete illustration of the laser group's parameters is shown in Table 1).

The laser radiation was made perpendicularly on the piece of tongue in contact mode, so the incision was
made with a 1.5 cm length adjusted in 20 sec, and the horizontal speed of the operator was 0.75 mm/sec.

2.3. Histology

After finishing the laser surgery, each piece was placed in 10% formalin and sent for histological processing
in the histopathological lab. The blocks were sectioned at five micrometers in microtone; the first section
was neglected, and from each block, three sections were selected for Hematoxylin and Eosin (H&E)
staining. The number of slides for each laser single group was 21, and 84 was the total number of slides.
The microscope that was used for reading the results was the light microscope (GOWE Lab Instrument
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Laboratory Binocular Head Biological Microscope, Japan) with an additional camera (5 MP USB CMOS
Camera Microscope Digital Electronic Eyepiece with 0.5X C Mount Lens, mainland China) and software
computer program (S-EYE 2.0, China).

The histological assessment criteria:

- Morphology and regularity of the incision: it has been scored from zero to four, where zero is the least
incisional quality and four is the highest incisional quality (very ideal incision, which is similar to a cold
blade incision, scored 4; the very rough and worst quality scored 0, with >2 smooth, linear borders mostly
of the incisional margins and < 2 rough and uneven edges in most incisions).

- The depth of each incision: it has been measured in micrometers.

2.4. Statistical analysis

Data statistical analysis has been performed by SPSS. For data comparison between two systems and the
four groups, the unpaired t-test, Mann-Whitney test, post hoc-tukey test, anova one-way test, and Kruskal-
Wallis test were employed. The level of significance was 0.05.

3. Result and discussion

3.1. Result

A. Morphology and regularity of the incision

The Mann-Whitney test compared the medians of all samples of both laser systems and showed that the
morphology and regularity of the incision quality of the erbium, chromiumYSGG laser was significantly
higher than that of the diode laser, with a P value of 0.048 (<0.05), as shown in Table 2 (Figure 2 (a)).
When the Kruskal Wallis test compared the medians between the four groups of both laser systems, no
significant difference was seen; the P value was 0.075 (>0.05), as shown in Table 3. Mann Whitney test
compared the medians of each two groups of lasers: P value = 0.284 between first Group (G1) and G2, P
value = 0.169 between G1 and G3, P=0.875 between G1 and G4, P= 0.005 between G2 and G3, P=0.201
between G2 and G4, P = 0.233 between G3 and G4. This means that the only significant difference can be
found between G2 (2.5 W diode laser), where less quality of incision was seen, and G3 (2.5 W erbium,
chromium YSGG laser), where higher quality of incision was seen (P<0.05), as shown in Table 4.

B. Cutting depth of the laser

The unpaired t-test compared the means and standard deviations (mean + SD) of all samples of both laser
systems. It showed that in the depth of the incision, between the Er, Cr: YSGG laser and diode laser, it was
not significant difference, P=0.212 (>0.05), as shown in Table 2. An ANOVA one-way test compared the
means and standard deviations between four groups of both laser systems; they were significantly different,
P value = <0.001 (Figure 2 (b), as shown in Table 3. A post hoc Tukey test compared the means and SDs
of each of the two groups: P value = 0.424 between G1 and G3, P value =0.826 between G2 and G4, and P
value = <0.001 between all other two groups. This means that there was a high significant difference
between every double groups except between 1.5 W of DL (G1) and 2.5 W erbium, chromium YSGG laser
(G3), and between 2.5 W of DL (G2) and 3.5 W erbium, chromium YSGG laser (G4), where nearly similar
depths of the incisions were produced in these groups, as shown in Table 4, Figure3 illustrated some
sections with regularity scores and depth measurement of the incision.

3.2 Discussion

The discussion of the first criterion, that every laser system works with a different delivery system since a
small flexible fiber optic with bare glass fiber of diode is less controlled than that of the MZ6 of erbium,
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chromium YSGG laser, which was rigid and not resisted by the tissue of the tongue according to the
operator observation, second cause the higher power on any laser system can lead to less regularity due
increase the power density which leads to more area being exposed to the photothermal effect; this leads to
more histological artifacts through the tissue, then more irregular cutting, the significant difference between
the highest power of diode and lowest power output of erbium, chromium YSGG laser is a clear example
of this discussion, as in previous research, the diode laser of 980 nm and higher power 4W gives the poor
quality of laser incision [12].

Additionally, depending on the laser category, other variables impact the results including the emission
mode and the radiation frequency. As in the previous research, greater quality of incision was shown in the
specimens with a high frequency and low power output of radiation [13]. Also, the specimens with lower
tissue damage extent show better incisional quality, as in previous research the higher regularity score
(mean) had been shown at Er family, especially with 20 Hz frequency and long pulse, and lower incisional
quality had been seen at the diode laser [ 14]. Current result is controversial to the earlier study that said the
creation of the micro-explosions of Er family laser on the tissue was the reason for the irregular shape
(rough edge) of the incision [15]. The presence and absence of water or air spray also affect the regularity
of this incision [14], [16]. This study shows that the wavelength and radiation per unit area affected the
regular shape of the incision.

Regarding the second criterion, the choice of laser wavelength, laser parameters, and the
implementation of control systems have an important part in determining the cutting depth of soft tissue
incisions by laser [17]. In this current study, the laser parameters were chosen according to the surgeon's
usage of these two laser systems in the oral soft tissue incision. According to the results, the low power of
the diode laser had nearby cutting depth to the low power of the erbium, chromium YSGG laser, and the
high output of the DL also had a comparable cutting depth to the high output of the erbium, chromium
YSGG laser. This means the cutting efficiency of each of the two low or high parameters was comparable
for the two laser systems, but the cutting depth was different in the power increase of each system. This
means that the cutting depth did not show wavelength-dependent but nearly a linear response as laser power
increases, and this agrees with previous studies [18], [19]. This was a controversy over a previous study
that showed that when the wavelength increased from 810 to 1064 nm, the cutting depth decreased, and the
cutting depth was not power dependent [5]. Fornaini et al. showed that the diode laser's incision depth
ranges from 2 to 6 mm [18].

In oral tissues exposed to laser radiation, photon energy is converted to thermic energy through

absorption. This results in a variety of thermal changes, which can include brief heating (between 42° and
50°), Denaturation of proteins and coagulation at 60°C, vaporization and ablation at 100° C, or even
carbonization (over 200°C). This photothermal effect causes histological changes in the incisional and peri-
incisional areas [21].
In the diode laser, the laser-tissue interaction mechanism depends on the radiation's absorption within the
correlated chromophores. In the 800—1000 nm range of wavelengths, hemoglobin (L A) =4.1-1.1 cm-1 and
melanin (u A) = 134-61.7 cm-1 are the principal absorbers [5]. Thus, there is very little absorption in water
(nA)=0.02-0.36 cm-1) [5]. This shows that the diode laser is not ideal for soft tissue cutting because the
laser energy in the continuous mode spreads through a vast region of tissue, and there is a higher chance of
larger thermal damage leading to less regular incision; nevertheless, excellent coagulation and hemostasis
are produced by this energy's strong blood absorption [12].

In the erbium, chromium YSGG laser, the water is the main targeted chromophore, so it is an ideal
system for soft tissue surgery with little heating in the surrounding tissue, thermal damage extent, and
histological artifacts [22], [23].

Erbium lasers are a great option for surgical soft tissue operations since they feature water as their principal
chromophore and also because they are pulsed lasers, which allows for thermal relaxation time, less thermal
damage, and a more regular shape of the incision [11].

3.2.1 Figures, and Tables
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Fig. 1: Sample preparation and irradiation with Er, Cr: YSGG laser.
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Fig.2: (a) Morphology and regularity of incision, the result between the samples of two laser systems (b) Cutting
depth in the samples of the four groups of two lasers.
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Fig. 3: Histological changes including regularity scores and incision depth in slides from four study group (4X
magnification).

Table1. Detailed descriptions of laser parameters

Tip/
Average Pulse Power Fiber
Laser system Power(W) Water/Air Frequency . Peak . .
roup &Energy Spray % (Hz) Duration Power Density Optic
g (nsec) W/ cm? Diameter
Per Pulse
(pm)
Groupl: Diode
dual A(810+980nm) L3CW) — — — — 11538 (400)
Group2: Diode
dual % (810+980nm) 2:5(CW) — — — — 1923 (400)
Group3:
Er,Cr:YSGG iég)’?lse 10/10 50 700 71.43 892.8 (600)
2,780 nm P
Group4:
S(P
Er,Cr:YSGG i (frflJ)le)llse 10/10 50 700 100 1250 (600)
2,780 nm P

University of Baghdad Publishing, Institute of Laser for Postgraduate Studies
Journal homepage: https://ijl.uobaghdad.edu.iq/index.php/IJL




IJL, Issue 1, Vol. 23, 2024

Table 2. Data analysis between two laser systems samples.

Diode laser Er, Cr: YSGG laser P

Criteria Test type N=42 N=42 value

Morphology regularity of )
Mann-Whitney test

the incision score (0-3) ) 1(0-3) 2 (0-3) 0.048
median (range)

Cutting depth of the Unpaired t-test
284.6+74.46 263.67+77.87 0.212
incision (um) Mean+ SD

Table 3. Data analysis between four groups of different powers and lasers.

criteria Test Group 1 Group 2 Group 3 Group 4 P
Type N=21 N=21 N=21 N=21 value
Morphology Kruskal 1(0-3) 1 (0-2) 2 (0-3) 1(0-3) 0.075

and regularity ~ Wallis
of the incision  test

Depth (um)  ANOVA  236.62+34.6 332.57+73.05 209.81427.24 317.52£74.82  <0.001
one-way
test

Table 4. Data analysis between every two groups of the different powers or lasers.

Criteria Test type 1st group 2nd group P value
2.5 W Diode 0.284
1.5 W Diode 2.5 W ERCR 0.169
Morphology and Mann 3.5 W ERCR 0.875
regularity of the Whitney
o . 2.5 W ERCR 0.005
incision test 2.5 W Diode
3.5 W ERCR 0.201
2.5 W ERCR 3.5 W ERCR 0.233
2.5 W Diode <0.001
1.5 W Diode 2.5 W ERCR 0.424
Cutting depth of the post hoc 3.5 W ERCR <0.001
incision (pm) Tukey test 2.5 W ERCR <0.001
2.5 W Diode
3.5 W ERCR 0.826
2.5 W ERCR 3.5 W ERCR <0.001

4. Conclusion

The microscopic investigations performed in this work have led to the finding that erbium, chromium
YSGG laser samples, specifically the low-power (2.5 W) samples, produced the highest degree of incision
regularity. The deepest incisions have been shown with the higher power outputs of the erbium, chromium
YSGG and diode lasers (G2 and G4), while the shallowest cutting depths have been shown with the lower
powers of the two systems (G1 and G3).
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