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Abstract: The objective of this study is to determine the efficacy of class V Er:YAG laser (2940 nm) 

cavity preparation and conventional bur cavity preparation regarding Intrapulpal temperature rise during 

cavity preparation in extracted human premolar teeth. Twenty non carious premolar teeth extracted for 

orthodontic purposes were used and class V cavity preparation was applied both buccal and lingual sides 

for each tooth .Samples were equally grouped into two major groups according to cavity depth (1mm and 

2mm). Each major group was further subdivided into two subgroupsof ten teeth for each (twenty cavities 

for each subgroup). TwinlightEr:YAG laser (2940 nm) with 500mJ pulse energy, P.R.R of 10 Hz and 

63.69 J/cm2 energy density was used. The analysis of the data collected revealed that there was highly 

significant difference between subgroups of each group, i.e., (Er:YAG laser and conventional bur cavity 

preparation). Also there was a highly significant difference between both group1 and group 2 subgroups 

(with 1mm and 2mm cavity depth). Best results were obtained from subgroup A which represents class V 

cavities prepared using Er:YAG laser with energy density of 63.69 J/cm2 .Er:YAG laser cavity 

preparation with energy density of 63.69 J/cm2 was less temperature rise  than conventional bur cavity 

preparation taking into account the invitro temperature rise of class V cavity preparation. 
 

 

 
 

 

Introduction 

 

Cavity preparation, polymerization of lining 

and restorative materials, with or without the 

use of light-polymerization systems, are all 

potential sources of temperature rise at the 

cavity walls and, as such, must be regarded as 

having the ability to produce an increase in 

intrapulpal temperature(Smail, et al., 1988).  

 Heat production during tooth preparation 

and mechanical damage are major sources of 

trauma. Zach and Cohen showed that a rise of 

5.58 ˚C in the pulp caused considerable damage, 

resulting in complete loss of vitality in 15% of 

teeth (Zach and Cohen, 1965). 

Effective ablation of dental hard tissues by 

means of Er:YAG (Erbium: Yttrium- Aluminum 

Garnet)  laser system has been reported and its 

application in the removal of carious tissues or 

cavity preparations for restorations has been 

expected in the dental clinic (Hibst and Keller, 

1989)  

The Er:YAG laser ablates dental hard tissues 

effectively, due to its highly efficient absorption 

in both water and hydroxyapatite crystals 

(Hossain, et al., 1999) and produces minimal 

thermal damage to the surrounding tissues 

(Hibst and Keller, 1989), especially when 

irradiated with continuous water spray(Munro 

GA, et al., 1996).  

A great sort of investigations have reported 

the ability of Er:YAG laser to cut or ablate tooth 

structure, removal of carious lesion, cavity 

preparation (Paghdiwala, 1991).  

Fortunately, because of its mechanical 

ablation process by microexplosions, Er:YAG 

laser (λ = 2.94 µm) offers new prospects for 

effective enamel and dentin removal without 

significant thermal effect (Hibst and Keller, 

1989). The quality of the cut is high compared 



T. S. Al-Qaradaghi et al., Iraqi J. Laser B, 10, 9-14 (2011) 

 

10 
 

with other infrared lasers, and the surface is left 

intact. Histological studies have indicated that 

pulpal response to Er:YAG laser irradiation is 

minimal, reversible, and similar to that of a 

high-speed handpiece (Sonntag, et al., 1996 and 

Eversole, et al., 1997).  

The first temperature measurements 

performed showed that damage to the pulp can 

be avoided by a suitable choice of laser 

parameters and adequate use of water spray, 

which provides a safely margin for clinical 

application(Visuri, et al., 1996).   

The purpose of this in vitro study isto 

compare intrapulpal temperature elevation 

between different instruments used in cavity 

preparation; Er:YAG laser and conventional 

handpiece during 1 mm and 2 mm cavity depths.  

 

 

Materials and Methods 

 

Twenty non carious upper and lower 

premolar teeth, which were extracted for 

orthodontic purposes, were used in the present 

study consist of five lower first premolars and 

fifteen upper first premolars. They were 

collected and stored in distilled water bath at 

37˚C. Then, they were hand scaled with GC 

American curate for removal of any calculus 

deposits, and polished with pumice and rubber 

cups for removal of any stain when present. The 

teeth were grouped into two major groups. Each 

group was subdivided into two subgroups, each 

subgroup consists of ten teeth (twenty cavities), 

as following: 

Group 1: Represents temperature variance 

during 1 mm cavity depth. 

A) Er:YAG laser cavity preparation (pulse 

energy=500 mJ, P.R.R.= 10 Hz).                              

B) Conventional bur cavity preparation.     

Group 2: Represent temperature variance 

during 2 mm cavity depth. 

A) Er:YAG laser cavity preparation (pulse 

energy=500 mJ, P.R.R.= 10 Hz ). 

B) Conventional bur cavity preparation. 

 

Laser Device 
 

The laser device used in this study was 

Twinlight, FOTONA, ("Twinlight" CODE G-

60.328, FOTONA, Italy), the therapeutic laser, 

which is a solid state pulsed Er:YAG laser 

emitting radiation at wavelength of 2940 nm. 

The pulse energy of the therapeutic Er:YAG 

laser is  from 60-500 mJ. It is adjustable in the 

range of 60-200 mJ in 20 mJ steps and 200-500 

mJ in 50 mJ steps. The pulse width ranges 200-

250 µs.  The P.R.R. is also adjustable from 2-25 

Hz, exposure time 40 second with a spot size of 

1 mm at 10 mm distance from the target. The 

laser handpiece used in this study was the R02F 

handpiece with exit window (sapphire window). 

The cavity preparation was done with distilled 

water cooling irrigation spray merging from the 

jet nozzle in the head of the R02F laser 

handpiece, with flow rate 3 mL/min. 

 

Cavity Preparation 
 

Standardized class V cavities were prepared 

on both buccal and lingual surfaces (3 mm 

height incisocervically, 3 mm width 

mesiodistally and both 1 mm and 2 mm depth 

respectively) about 1 mm occlusal to the 

cemento-enamel junction. As a result, 20 

cavities were prepared with conventional dental 

bur (as shown in Figure 1) and 20 cavities were 

prepared with Er:YAG laser. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (1): Cavity preparation with conventional 

handpiece 

 
  A 3-4 mm of the apical portion of teeth 

roots for all samples of the three groups were 

cut so that the tip of thermocouple probe can be 

placed easily inside the pulp chamber. Then the 

content of the pulp were extirpated by barbed 

broach and the root canal was enlarged using a 

K-file to size 80, so the probe of thermocouple 

can be introduced easily inside the pulp 

chamber. Then, the root canal was irrigated with 

normal saline and dried with air spray. After 

apical preparation the thermocouple probe was 

placed inside the pulp chamber and X-ray was 

taken for each tooth to check that the 

thermocouple probe was introduced properly 

inside the pulp chamber. 



T. S. Al-Qaradaghi et al., Iraqi J. Laser B, 10, 9-14 (2011) 

 

11 
 

Er:YAG laser cavity preparation: 

In the second subgroup, cavities were 

prepared utilizing Er:YAG laser system 

(Twinlight, FOTONA) that emits photons at a 

wavelength of 2940 nm. The laser irradiation 

was performed in a non-contact mode to remove 

dental hard tissue with a focused beam of 500 

mJ energy, a repetition rate of 10 Hz under a 

continuous water mist (3 mL/min),a spot size of 

1mm at 10 mm (by using the survey) distance at 

right angle to the tooth surface as possible. The 

ablation procedure was done as overlapped 

circles of ablation on the tooth surface (as 

shown in Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2): Cavity preparation with Er:YAG laser 

 

The space between tooth and laser handpiece 

was obtained by placing the manikin on the 

table of surveyor and fixing the Er:YAG 

handpiece with the arm of the surveyor at a 

distance of 10 mm from the tooth structure. 

 

Temperature Reading during Cavity 

Preparation 

        Before cavity preparation was done, the 

digital Multimeter (K-type thermocouple TP-01) 

was turned on and temperature reading was 

recorded as original reading. After that the 

cavity preparation was started and again 

maximum temperature elevation was recorded 

during 1 mm cavity depth. Finally as the depth 

of cavity was near 2 mm, final peak temperature 

was attained. Then the difference between 

original reading and both 1 mm, 2 mm readings 

was recorded as temperature variance during 1 

mm and 2 mm. 

 

Results 

Group 1 

Table 1 lists the highest values of 

temperature change for Er:YAG laser and 

conventional handpiece that were 2 and 3 oC. 

While the lowest values of temperature change 

for Er:YAG laser and Conventional handpiece 

that were 0 and 1 oC respectively while the 

mean of temperature variance for Er:YAG 

subgroup and conventional subgroup were 

0.7and 1.7 oC ( as shown in Figure 3). 

 

 

 
Table (1) Descriptive statistics of group1 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
Fig. (3): Mean of temperature variation in group1 

 

 

 

 

 

 

 ANOVA test between and within the tested 

subgroups showed a highly significant 

difference (p < 0.001). The data are listed in 

Table 2. T-test between Er:YAG laser subgroup 

and conventional subgroup showed a highly 

significant difference (p < 0.001), data are listed 

in Table 3. 

 

 

 

 

 

 

 

 

 Means SD SE Min Max Range C.V% 

Er:YAG 0.700 ±0.571 0.128 0.00 2.00 2.00 81.57 

Conventional 1.700 ±0.733 0.164 1.00 3.00 2.00 43.12 

 

 F-test P-value Sig. 

Er:YAG 
410.98 0.000 HS 

Conventional 
 

*P<0.001 High significant 
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Table (3) T-test between group1 

 

 

 

 

 

 

 

Group 2 
 

Table 4 shows the highest values of 

temperature change for Er:YAG laser and 

Conventional handpiece that were 2 and 4 oC. 

While the lowest values of temperature change 

for Er:YAG laser and Conventional handpiece 

that were 1 and 2 oC, mean of temperature 

variance for Er:YAG subgroup and conventional 

subgroup were 1.55 and 3.35 oC( as shown in 

Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.(4): Mean of temperature variation in group2. 

 
 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

ANOVA test between and within the tested 

subgroups showed a highly significant 

difference (p<0.001). Data are shown in Table 

5. T-test between Er:YAG laser subgroup and 

conventional subgroup showed a highly 

significant difference (p<0.001), data are shown 

in Table 6. 

 
Table (5) ANOVA table of group2 

 

 

 

 

 

 

 

 
Table (6) T-test between group 2 

 

 

 

 

 

 

 

Group 1 and Group 2 
 

A statistical analysis (t-test) was calculated 

to compare between the tested subgroups of 

group 1 and group 2, as listed in Table 7. There 

was a highly significant difference between all 

tested subgroups of both group1 and 

group2.Also the mean temperature variation 

between group1 and group2 is shown in Figure 

5. 
 

Table (7) T-test between group 1 and group 2 
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 Means SD t-test p-value Sig. 

Er:YAG 0.700 ±0.571 4.81 0.000 HS 

Conventional 1.700 ±0.733 

*P<0.001 High significant 

 

 Means SD t-
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p-

value 

Sig. 

Er:YAG 1.55 ±0.510 8.91 0.000 HS 

Conventional 3.35 ±0.743 
 

        *P<0.001 High significant 

 

 F-test P-value Sig. 

Er:YAG 
704.84 0.000 HS 

Conventional 

*P<0.001 High significant 

 

 t-test p-value Sig. 

Er:YAG 4.96 0.000 HS 

Conventional 7.06 0.000 HS 
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Discussion 

 

Heat generation and temperature elevation is 

one of the inherent problems experienced during 

cavity preparation. Er:YAG laser at 2940 nm 

has  a high absorption in water and good 

coupling to mineralized structure that is 

hydroxyapatite crystals, the local extensive 

heating of water in mineralized tissue leads to 

microexplosions in the liquid phase, the 

resulting microfragment are removed by high 

pressure caused by the steam (Clarckson, 1992), 

this may explain the variance in temperature 

between the Er:YAG laser subgroup and 

conventional bur subgroup, this result come into 

agreement with Cavalcanti et al. in (2002) 

(Cavalcanti, et al., 2002),  and Armengol et al. 

in (2000) (Armengol, et al., 2000). Actually the 

mechanism of action between conventional 

handpiece and Er:YAG laser handpiece 

completely different, that’s to say conventional 

handpiece remove the hard tissue substance by 

friction of the rotating bur while Er:YAG laser 

ablate hard tissue by mean of Photothermal 

(Photoablation) (Kazuaki, et al., 2006), the 

maximum temperature variation for Er;YAG 

laser and conventional bur were 2 °C and 3 °C  

respectively in 1mm depth, and 2 °C and 4 °C  

respectively in  2mm,  temperature elevation 

less than 5 degree C considered non threaten to 

pulp tissue. (Zach and Cohen,1965) nevertheless 

Er:YAG laser showed a better results than 

conventional bur, this come into agreement with 

Vinicius et al in (2005) (Vinicius, et al., 2005), 

moreover the photothermal interaction 

mechanism causes the intertubular dentin to be 

ablated more than the peritubular dentin, 

because of more water content in the former this 

results in the usual cuff-like appearance of the 

peritubular dentin and irregular dentin surface in 

Er:YAG laser treated dentin (Armengol, et al., 

2003). 

Regarding the dentin thickness, it is known 

that this thickness has a decisive role in the 

generation of the intrapulpal temperature; lower 

premolar teeth characterized with high pulp 

level so lower dentin thickness than upper 

premolars in other words, with thinner dentin 

temperature inside the pulp chamber will be 

higher (Nair, et al., 2003), because of the age 

restriction of samples the main type of dentin is 

primary dentin this may be responsible for 

temperature variance between samples. 

Consistent with previous observations (White et 

al., 1999 and Burkes, et al., 1992), the present 

study revealed an increase in pulpal temperature 

with decreasing remaining dentin thickness 

(RDT). The fact that water might inhibit the 

ablation depths because of high absorption of 

the Er:YAG laser radiation in water is of 

concern (Hossain, et al., 1999). 

Burkes E.J., et al., in (1992) showed that 

when dental hard tissues were irradiated by an 

Er:YAG laser accompanied with fine water 

mist, not only could the temperature be 

suppressed, but the cutting efficiency could also 

be increased also Visuri et al., (1996),  evaluated 

the effects of water spray during Er:YAG laser 

irradiation on dental hard tissues and found that 

increasing the water minimally reduce the 

ablation efficiency.When teeth are irradiated 

with fine water mist, neither carbonization nor 

melting in the cavities or its surrounding tissues 

was found (Hossain, et al., 1999). Teeth 

exhibited some differences in tooth morphology, 

dentin structure, size, and location of the pulp 

cavity. This may explain the temperature 

differences between the teeth tested (Ottl   and 

Lauer, 1998). 

 

Conclusions 

 

The Er:YAG laser cavity preparation with 

energy density 63.69J/cm2 has proved to be an 

efficient technique in cavity preparation  in 

comparison to the conventional bur cavity 

preparation regarding the temperature variance 

of class V cavity preparations of premolar teeth. 

Increasing the cavity depth; decreasing 

remaining dentin thickness resulted in higher 

intrapulpal temperature.  
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ياك و تأثيرها على ظاهرة ارتفاع درجت  -ليزر الايربيوم فعاليت تحضير الحفرة السنيت 

 الحرارة داخل اللب السني: دراست هختبريت
 

 توارة سردار القرداغي
(1)       

 علي شكر هحوود
(1)

 رعذ نعوت داين       
(2)

 
 

 العراق،  بغداد ،جامعة بغداد ،معهد الليزر للدراسات العليا (1)

 العراق،السليماوية ،جامعة السليماوية ،كلية طب الاسىان (2)
 

الهدددددده مددددده ةددددديي الدراسدددددة ةدددددس ييدددددا  لعاليدددددة  الحلخدددددير السدددددى  للل دددددر  السدددددىية مددددده الىدددددس  ال دددددام          

 دددددداق بالمماروددددددة مددددددة التر مددددددة الحمليد ددددددة   ج  يرةددددددا  لدددددد  ارج ددددددا  درجددددددة        -بساسددددددر  ليددددددزر الا ربيددددددس   

سدددددده مملددددددس  مدددددده الخددددددسا        شددددددر هأبحيددددددرت  يىددددددة لهدددددديي الدراسددددددة م سوددددددة مدددددده     اللددددددرار  دابدددددد. اللددددددب السددددددى .    

لاغددددددرام جمس ميددددددة . جددددددى جمسدددددديى العيىددددددات الدددددد  ملمددددددس حيه رةيسدددددديحيه  الملمس ددددددة الا لدددددد  جم دددددد. الحغيددددددر لدددددد  درجددددددة       

مليمحدددددددر مددددددده الل دددددددر     2مليمحدددددددر  الملمس دددددددة ال اويدددددددة  ىدددددددد  مددددددد      1اللدددددددرار  دابددددددد. اللدددددددب السدددددددى   ىدددددددد  مددددددد      

, جدددددددى اسدددددددح دا  ليدددددددزر   يىات مس دددددددة الددددددد  ملمدددددددس حيه لر يدددددددة محسدددددددا  ة مح سودددددددة مددددددده  شدددددددر   السىية.يسدددددددمث كددددددد. مل

   يدددددددت ابحيدددددددرت للدراسدددددددة   Twinlight الملهدددددددز مددددددده  دددددددركة     )nm2492 ددددددداق ل  التدددددددس  المدددددددسج  )   -الاربيدددددددس 

 63.69 ب  الددددددة طايددددددة ممدددددددارةا   Hz 10ج رار ددددددة الى خددددددة  mJ 500,المعلمددددددات الاجيددددددة  طايددددددة الى خددددددة 

J/cm2           ىددددددد الحلليدددددد. الا ادددددداة  للمعلسمددددددات المحعلمددددددة بالممارودددددددة بدددددديه الملددددددامية ال ر يددددددة, ا هددددددرت وحدددددداة  الدراسدددددددة 

 A كاوددددددث الخدددددد. الىحدددددداة  الا ادددددداةية للملمس ددددددة ال ر يددددددة       1,2لر يددددددات ا ادددددداةية  اليددددددة جدددددددا بدددددديه الملمددددددس حيه      

 سددددددحىح  مدددددده الدراسددددددة ان    اق.- ل ددددددم الملمددددددس حيه  الحدددددد  جم دددددد.  يىددددددات جددددددى جلخدددددديرةا بساسددددددتة ليددددددزر الا ر  يددددددس         

 63.69 ددددداق لددددد  جلخدددددير الل دددددر  السدددددىية مددددده الىدددددس  ال دددددام   ب  الدددددة طايدددددة ممددددددارةا      -اسدددددح دا  ليدددددزر الا ر  يدددددس  

J/cm2           . كدددددددان الخددددددد. مددددددده التر مدددددددة الحمليد دددددددة لددددددد  جدددددددا يري  لددددددد  ارج دددددددا  درجدددددددة اللدددددددرار  دابددددددد. اللدددددددب السدددددددى

 

 الخلاصت


