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Evaluation of temperature rise following the application of
diode and ErCr:Ysgg lasers: an ex vivo study

Purpose

Erbium, chromium: yttrium, scandium, gallium, garnet (ErCr:Ysgg) lasers
have been frequently used in oral surgical procedures and are almost seen as
alternatives to diode lasers. The aim of this comparative study was to analyze in
an animal model the thermal elevation induced by ErCr:Ysgg and diode lasers in
soft tissue and bone.

Materials and methods

Thirty freshly dissected sheep mandibles containing bone and soft tissue were
divided into 120 equal parts. Gallium-aluminum-arsenide (Ga-Al-As) diode laser
(A=940 nm) with 1,2 and 5 W output powers and ErCr:Ysgg laser (A\=2780 nm) with
2.75,4.5 and 6 W output powers were used on soft and bone tissues separately
for 3 seconds with point application. Mean temperature values before and after
application of the lasers were compared in soft tissue and bone.

Results
The minimum mean temperature value was observed with 2.75W ErCr:Ysgg laser
while irradiation with 5 W diode laser created the maximum values (p<0.05).

Conclusion

ErCr:Ysgg laser (A\=2780 nm) with 2.75 W power generates low levels of heat
compared to diode lasers and may provide safer surgery in soft and bone tissues
without destructive effects of temperature increase.

Keywords: Bone; diode laser; ErCr:Ysgg lasers; soft tissue; temperature rise

Introduction

Laser devices are alternative surgical instruments which are frequent-
ly used in oral surgical procedures such as frenectomy, periodontal and
peri-implant surgery, gingival surgery and excision of soft tissue tumors
(1-5). They emit coherent and homogeneous light which shows reflec-
tion, absorption, transmission and scattering when applied on biological
tissues. Absorbed energy is tolerated by the tissue or transforms into oth-
er forms of energy such as heat and photochemical reactions (6).

Laser light may induce thermal damage in the surrounding tissues both
on the horizontal and vertical plain in the oral cavity (1, 7). Increased heat
causes structural changes and retraction in biological tissues up to 600°C.
Protein denaturation and coagulation occurs when the temperature aris-
es above 600°C, while tissue carbonization and charring are observed
between 900-1000°C. Tissue ablation occurs when the temperature rises
above 1000°C. Thermal destruction of the surrounding tissues by the laser
light may lead to delayed wound healing compared to scalpel incision (7).
An ideal laser should maintain the thermal threshold in acceptable levels
and should not provoke thermal damage to the surrounding tissues.
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Diode and erbium, chromium: yttrium, scandium, galli-
um, garnet (ErCr:Ysgg) lasers are two different types of lasers
which produce light in different wavelengths. It is reported
that diode laser light induces thermal changes in the sur-
rounding area of the related application site (8, 9). ErCr:Ysgg
lasers have been frequently used in oral surgical procedures
and are almost seen as alternative to diode lasers (9, 10). Er-
Cr:Ysgg lasers are used with water irrigation and considered
to create heat generation in decreased levels by the help of
the irrigation system (10, 11). Although histologic effects of
diode and ErCr:Ysgg lasers are well-known, the heat gener-
ation after the application of diode and ErCr:Ysgg lasers has
not been studied yet. The aim of this study was to compare
the thermal changes after the application of ErCr:Ysgg and di-
ode lasers in soft tissue and bone. The null hypothesis tested
in this research is that there is no difference in the thermal
changes occurring in the soft tissue and bone after the appli-
cation of ErCr:Ysgg and diode lasers.

Materials and methods
Study design

Ethical approval was obtained from the local Animal Re-
search Ethics Committee of the Akdeniz University (Antalya,
Turkey) with approval number 556. Thirty freshly dissected
sheep mandibles with residual soft tissues of muscles were di-
vided into 120 equal parts and were placed into a water tank of
which the temperature was adjusted to 35-37°C using a glass
heater (Kenis K-366; Kenis, Osaka, Japan) and hygro-thermom-
eter (Nimomed; Estar Electronic Co., Ltd., Changshan, China)
(Figure 1) to simulate oral tissues at body temperature. Each
specimen was obtained from the body of the mandibles and
comprised at least 5 mm soft tissue. Laser applications were
performed in 6 hours after the specimens were obtained in
order to maximize the usability of specimens. Diode and Er-
Cr:Ysgg lasers with 3 different energy outputs were performed
during 3 seconds on soft and bone tissue of the specimens
separately. Gallium-aluminum-arsenide (Ga-Al-As) diode laser
(Epic; Biolase, Irvine, CA, USA) (A=940 nm) with 300 um fibre
tip was used with 1,2 and 5 W output powers. ErCr:Ysgg laser
(A=2780 nm) (Waterlase iPlus; Biolase, Irvine, CA, USA) was used
with G4 fire tip (600 pm diameter, 6 mm length) at 2.75, 4.5 and
6 W with a 40% water and 20% air spray during irradiation. The
temperature of irrigation water was adjusted to 25°C, accord-
ing to the manufacturers’ specifications. The dispersion of the
specimens to the groups were shown in Table 1.

Probe of the thermocouple device (Keitley 2000 Digital
Multimeter; Keithley Instruments, Inc., Cleveland, OH, USA)
was inserted into the bone and soft tissue separetely at a dis-
tance of 3 mm to the laser application point (Figure 2). Each
measurement was repeated 3 times before and immediately
after the application of lasers and a mean value was calculat-
ed for all groups.

Statistical analysis

Statistical analysis was performed using IBM Statistical Pack-
age for the Social Sciences (SPSS) Statistics version 22 (SPSS IBM

Corp.; Armonk, NY, USA). The normality of distribution and the
homogeneity of variances of the sample were established using
visual inspection of histograms, QQ-plots, box plots and Sha-
piro-Wilk's test (p<0.05), respectively. The comparison of the
mean temperature values of specimens before and after the
application of diode and ErCr:Ysgg lasers was carried out by us-
ing t-test. The analysis of the significance between the mean
temperature values of bone and soft tissues before and after the
application of lasers was also performed with t-test. ANOVA was
performed for comparison of the mean temperature values of
specimens before and after the application of different power
settings (1, 2, 5, 2.75, 4.5 and 6 W) of diode and ErCr:Ysgg lasers.
Sidak’s correction test was utilized for the post-hoc analysis.
One-way multivariate analysis of variance (MANOVA) was also
performed for determining whether the mean temperature was
different between bone and soft tissue, laser types and several
power settings. Post-hoc analysis was carried out with Bonfer-
roni’s correction test. The confidence interval was set to 95%
and p<0.05 was considered significant.

Results

No statistically significant difference was observed between
initial temperature measurements before the application of each
laser. The temperature of specimens irradiated with diode laser
was significantly increased compared to specimens irradiated
with ErCr:Ysgg laser (p<0.05) (Table 2). There was no statistically
significant difference between the mean temperature values of
bone and soft tissues before and after laser application (Table 3).

Figure 1. Athermal controller was used to adjust the temperature of the
water close to the body temperature.

Figure 2. 3 mm distance was provided between thermocouple probe
and laser application point.
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Table 1. Duration and power settings of the laser devices applied on specimens

Application Period

Tissue

Soft Tissue (N=30)

Laser Device

Diode (N=60)

Power
1W (N=10)
2W (N=10)
5W (N=10)
1W (N=10)
2W (N=10)
5W (N=10)

2.75W (N=10)
4.5W (N=10)
6W (N=10)
2.75W (N=10)
4.5W (N=10)
6W (N=10)

3 seconds

Bone (N=30)
ErCr:Ysgg (N=60)

Soft Tissue (N=30)

Bone (N=30)

N: sample size; W: watt

Table 2. Comparison of the mean temperature changes of diode and ErCr:Ysgg lasers before and after application

Temperature Tissue N Mean SD t P

Initial Bone 60 37.26 0.89 -0.42 0.68
Soft Tissue 60 37.33 0.80

Post-application Bone 60 40.51 2.74 0.94 0.35
Soft Tissue 60 40.04 2.76

Difference Bone 60 3.25 2.68 1.12 0.26
Soft Tissue 60 2.72 2.54

p<0.05 was determined as statistically significant: p value in bold emphasis shows that there was statistically significant difference between diode and Er,
Cr:YSGG laser after the application; SD: standard deviation

Table 3. Comparison of the mean temperature values of bone and soft tissues before and after the laser application

Temperature Laser N Mean SD t P

Initial Diode 60 37.43 0.74 1.69 0.09
ErCr:Ysgg 60 3717 0.93

Post-application Diode 60 41.53 3.06 5.57 0.00
ErCr:Ysgg 60 39.03 1.64

Difference Diode 60 4.10 2.96 5.17 0.00
ErCr:Ysgg 60 1.86 1.57

SD: standard deviation; p<0.05 was determined as statistically significant

There was no statistically significant change in the mean
temperature values between 6 different power settings of di-
ode and ErCr:Ysgg lasers before the application (p>0.05). How-
ever, statistically significant difference was found between
lasers after the application with different power settings
(p<0.05). Post-hoc test revealed that mean temperature value
of 2.75 W ErCr:Ysgg laser is significantly decreased compared
to other power settings (p<0.05) (Table 4). While mean tem-
perature values of 1 W diode laser and 4.5 W ErCr:Ysgg laser
were significantly increased compared to 2.75 W ErCr:Ysgg la-
ser (p<0.05), they were significantly decreased compared to 2
W diode laser, 5W diode laser and 6 W ErCr:Ysgg laser (p<0.05).

Mean temperature values of 2 W diode and 6 W ErCr:Ysgg la-
sers were significantly decreased compared to 5 W diode laser.
Mean temperature values of 5 W diode laser was significant-
ly increased compared to the mean values of remaining laser
power parameters (p<0.05) (Table 5).

According to the MANOVA, the type of tissue and laser were
found to have significant association with mean temperature
difference on bone and soft tissue (F.,=19,91, p<0.05). Bon-
ferroni correction test revealed that the application of diode
laser generated significantly higher temperature difference
on bone (4.21) and soft tissue (3.98) than the ErCr:Ysgg la-
ser (1.44 for soft tissue and 2.28 for bone). Likewise, signifi-
cant association was found between type of laser and power
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Table 4. The comparison of the mean temperature values before and after the application of diode and ErCr:Ysgg lasers with different power outputs

Sindel et al.

Temperature Power output N Mean SD F P
Initial Diode 1W (1) 20 37.32 0.70 0.87 0.50
Diode 2W (2) 20 37.48 0.81
ErCr:Ysgg 2.75W (3) 20 37.33 0.90
ErCr:Ysgg 4.5W (4) 20 37.10 0.96
Diode 5W (5) 20 37.48 0.73
ErCr:Ysgg 6W (6) 20 37.08 0.96
Post-application Diode 1W (1) 20 38.74 0.93 110.74 0.01
Diode 2W (2) 20 40.44°b¢ 1.06
ErCr:Ysgg 2,75W (3) 20 37.75¢ 0.89
ErCr:Ysgg 4,5W (4) 20 38.82°f 1.24
Diode 5W (5) 20 45419 1.37
ErCr:Ysgg 6W (6) 20 40.53bh 1.38
Difference Diode 1W (1) 20 1.42 0.70 148.40 0.01
Diode 2W (2) 20 2.96 1.02
ErCr:Ysgg 2,75W (3) 20 0.42 0.54
ErCr:Ysgg 4,5W (4) 20 1.72 0.83
Diode 5W (5) 20 7.93 1.20
ErCr:Ysgg 6W (6) 20 3.45 1.33

p<0.05 was determined as statistically significant. Mean values haring a superscript letter are not significantly different; SD: standard deviation

Table 5. The comparison of the mean temperature values before and after diode and ErCr:Ysgg laser application with different power outputs

Laser Tissue w n MD SD F.o Fiw Fiow
Diode Bone 1 10 1.11¢ 0.38 19.91 12.44 6.22
2 10 3.51¢ 0.38
5 10 8.03° 1.41
Soft Tissue 1 10 1.73¢ 0.81
2 10 241 1.17
5 10 7.82° 1.00
ErCr:Ysgg Bone 2,75 10 0.35¢ 0.30
4,5 10 2.05¢ 0.71
6 10 4.45° 1.02
Soft Tissue 2,75 10 0.49¢ 0.71
4,5 10 1.39¢ 0.84
6 10 2.45¢ 0.70

W: watt; n: sample size; MD: mean difference; SD: standard deviation *a>b>c>d. a-b-c-d indicates the different groups according to the pairwise comparison

output (F,,=12,44, p<0.05). Post-hoc analysis revealed that
ErCr:Ysgg at 2.75 W (0.42) created significantly lower tem-
perature difference on bone and soft tissue compared to the
other power outputs (p<0.05). Diode laser at 5W (7.9) was

The type of tissue, laser and power output were found to
have significant association with mean temperature differ-
ence on bone and soft tissue (FL.pny=6-22, p<0.05) (Table 5).
Post-hoc analysis revealed that diode laser at 5W and Er,Cr:YS-

found to have significantly higher temperature difference on
bone and soft tissue compared to the other power outputs
(p<0.05). The mean temperature difference on bone and soft
tissue was ranking between diode laser at 5W(the highest),
diode laser at 2W, ErCr:Ysgg laser at 6W, diode laser at 1W,
Er,Cr:YSGG laser at 4.5W and Er,Cr:YSGG laser at 2.75W (the
lowest), respectively.

GG laser at 6W created the highest temperature difference
values among other groups. Diode laser at 5W created sig-
nificantly higher temperature difference on bone (8.03) and
soft tissue (7.82) compared to the ErCr:Ysgg laser at 6W (4.45
in bone and 2.45 in soft tissue). Furthermore, ErCr:Ysgg laser
at 2.75W created the lowest temperature difference on both
bone (0.35) and soft tissue (0.49) among the other groups.
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Discussion

Soft tissue interventions with appropriate laser are bene-
ficial compared to other surgical instruments such as scalpel
and electrocautery (1, 5, 7). Diode lasers shows affinity to pig-
mented molecules in the affected tissue and mostly absorbed
by haemoglobin, thus providing an advantage of suitability
for soft tissue surgery (1, 8, 9). However, ErCr:Ysgg laser with
2780 nm wavelength is exceedingly absorbed by water and
hydroxiapatite and can be safely used in both bone and soft
tissues (2, 3,9, 12).

Biological effects of thermal increase during the laser ap-
plication have been reported both for diode and ErCr:Ysgg
lasers (1, 7, 9). Cercadillo-Ibarguen et al. (10) reported that
the microscopic extent of the thermal effect was lower after
ErCr:Ysgg application compared to diode and CO, lasers in
their study in which they used porcine mucosal membranes
as experimental model. Furthermore, it was also suggested
that ErCr:Ysgg laser incision was comparable to scalpel in-
cision in the histological examination and thermal destruc-
tion caused by laser excision did not affect proper histolog-
ical diagnosis when applied with distance to the examined
pathology (10, 13). Similarly, Rizoiu et al. (14) suggested that
soft tissue wound healing after ErCr:Ysgg laser application
was comparable with scalpel incision in the histopatho-
logical examination. A temperature increase above 10°C is
considered harmful for biological tissues and may provoke
irreversible tissue damage. Geminiani et al. (15) reported
that diode laser irradiation may increase the temperature
above 10°C after 10 seconds application. However, in the
study of Leja et al. (16) in which they investigated thermal
changes of dental implants after laser application in vitro,
it was reported that 810 nm and 980 nm diode lasers with 1
W power output did not increase the temperature to critical
threshold of 10°C in 60 seconds application time. However,
CO2 and Er:YAG lasers increased the temperature over the
critical threshold.

In the current study, the highest temperature generation
on soft and bone tissue was observed with 5 W diode la-
ser. Similarly, Merigo et al. (7) also reported that the highest
temperature elevation in deep soft tissue was observed af-
ter 5 W diode laser application and the lowest temperature
elevation was observed after Er:YAG laser application. In the
present study, ErCr:Ysgg laser was used with concomittant
air-water spray similar to Er:YAG lasers and showed lower
temperature change compared to diode laser. When using
high energy outputs in lasers, concomittant cooling may
be beneficial to reduce the accumulated heat on biological
structures (17).

As an interesting outcome of the study, 6 W ErCr:Ysgg laser
showed less heat generation compared to 5 W diode laser, as
the increase in the heat production did not correlate with the
increase in the power output of the laser. Similarly, 1 W di-
ode laser generated higher levels of heat compared to 2.75W
ErCr:Ysgg laser, indicating that heat generated with different
laser types differed with different power outputs.

A previous study reported that ErCr:Ysgg laser was superior
to diode laser with regards to the measurement of the dam-
aged area adjacent to the laser incision (10). In the present

study, following the application of both ErCr:Ysgg and diode
lasers on soft and bone tissue, 2.75 W ErCr:Ysgg laser group
showed the lowest heat generation among other ErCr:Ysgg
and diode laser settings. Diode lasers should be used with
special care due to their capability of penetrating deeper in
the soft and bone tissues and causing irreversible damage (7,
15).

Conclusion

Present study revealed that diode laser (A = 940 nm) with
5 W power output produced elevated levels of temperature
leading to the thermal damage to soft and bone tissues and
ErCr:Ysgg laser (A = 2780 nm) with 2.75 W power generated
low levels of heat compared to diode lasers. The findings of
the current study support the idea that the use of ErCr:Ysgg
laser with 2.75 W power may provide safer surgery regarding
destructive effects due to temperature increase.
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Tiirk¢e 6z: Diyot ve ErCr:Ysgg lazer uygulamalarini takiben sicaklik
artisinin degerlendirilmesi: ex vivo ¢calisma. Amag: Erbiyum, krom: itri-
yum-skandiyum-galyum-garnet (ErCr:Ysgg) lazerler oral cerrahi islem-
lerde yaygin bicimde kullaniimakta olup, diyot lazerlere neredeyse alter-
natif olarak dtsiinilmektedir. Bu ¢calismanin amaci, ErCr:Ysgg lazerler
ve diyot lazerlerin kemik ve yumusak dokuda meydana getirdikleri si-
caklik artiginin bir hayvan modeli lizerinde karsilastirilmasidir. Gereg ve
Yéntem: Otuz adet koyun mandibulasi her biri kemik ve yumusak doku
iceren 120 esit parcaya béliinmdistiir. Yumusak doku ve kemik lizerine
ayn ayn olacak bigcimde, 3 saniye siire ile 1, 2 ve 5 W ¢ikis gliclerinde
galyum-aluminyum-arsenid (Ga-Al-As) diyot lazer (\=940 nm) ve 2,75,
4,5 ve 6 W cikis gliclerinde ErCr:Ysgg lazer (A=2780 nm) uygulamasi
gerceklestirilmistir. Uygulama 6ncesi ve uygulamadan hemen sonra-
ki ortalama sicaklik degerleri karsilastinlarak veriler analiz edilmistir.
Bulgular: En diisiik ortalama sicaklik degeri 2,75 W gticiinde Er,Cr:YS-
GG lazer uygulamasinda g6zlenirken, 5 W gliciinde diyot lazer uygula-
masinin en yliksek sicaklik degerini olusturdugu gérilmstiir (p<0,05).
Sonug: ErCr:Ysgg lazerin (A\=2780 nm) 2,75 W glicte uygulanmasi, diyot
lazerlerle kiyaslandiginda daha dlisiik sicaklik artisina neden olmakta
ve sicaklik artisinin neden olabilecegi yikici etkiler bakimindan, kemik
ve yumusak doku cerrahilerinde daha giivenli sonuglar saglayabilecegi
distintilmektedir. Anahtar kelimeler: Diyot lazer; ErCr:Ysgg lazer; kemik;
sicaklik artisi; yumusak doku.
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