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Comparison of Pain and Anxiety Level Induced by Laser vs 
Rotary Cavity Preparation: An In Vivo Study
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Ab s t r Ac t 
Aim: To evaluate and compare the pain perception, anxiety level, and acceptance of Er,Cr:YSGG laser (2780 nm) with a conventional rotary 
method during cavity preparation in children.
Materials and methods: In a randomized controlled trial, using split-mouth design thirty 6- to 12-year-old children with 60 carious molars were 
examined. In one quadrant, cavity was prepared conventionally by airotor while, in the other quadrant, Er,Cr:YSGG laser was used. Anxiety was 
assessed by measuring pulse rate using a fingertip pulse oximeter, while the pain was measured on the Wong–Baker Faces Pain Rating Scale. 
After the cavity preparation by both the methods, the child was asked about the preference for future treatment of a carious lesion.
Results: Pulse rate was found significantly higher in the airotor group but no significant difference in pulse rate was found in the laser group 
when compared to the baseline pulse rate. The mean value of pain in the airotor group was slightly higher than the laser group. Fifty-seven 
percent of children preferred Er,Cr:YSGG laser for cavity preparation in the future.
Conclusion: During cavity preparation, Er,Cr:YSGG laser comes out to be more effective and acceptable, as it is less anxiety-provoking and may 
cause less pain when compared with the airotor.
Clinical significance: Er,Cr:YSGG laser helps the children to remain calm during the cavity preparation.
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In t r o d u c t I o n 
Pain, anxiety, and fear are often accompanied when the 
conventional method of mechanical cutting is used for the removal 
of carious dental tissues and to prepare cavities. In dental setup, 
many stimulants trigger anxiety, such as, sound, sight, smell, and 
vibration associated with dental handpiece. Thus, it can be a cause 
for the abstain of dental appointments which may result in the 
enhancement of caries occurrence and oral diseases. For this reason, 
the “4S” rule, which is based upon the removal of four of the major 
primary sensory triggers—sound (drilling), sight (air turbine drill), 
smell, and sensation (high-frequency vibrations) is used.1–8

The idea of substituting the drill with Erbium family lasers helps 
pediatric dentists in the treatment of the hard and soft tissues of the 
oral cavity safely and efficiently. The Er,Cr:YSGG laser (2780 nm) has 
proven to be an effective tool for ablating enamel and dentine. Laser 
interaction with water at the tissue interface results in a precise cut 
of hard tissue. It provides higher safety compared to conventional 
methods in which rotating instruments in a small mouth can 
damage or hurt soft tissue if the child moves unpredictably. The 
affinity of the laser beam for carious structures results in minimal 
removal of sound tooth structure. There is a liability for obtaining an 
effective ablation without thermal negative effects on underlying 
tissues. Non-contact mode of laser induces less vibration that 
ensues increased child cooperativeness. When adequate protocol 
of isolation is followed, there is no risk of any contamination. The 
laser noise so-called “popcorn effect”, due to the burst of the water 
molecules inside the cells is responsible for tissue ablation. The 
popping sound produced by the laser is much more comfortable 
than the drill noise to the children.9–11

Pain is a subjective component, so it is preferable to obtain 
a response through a child’s own perception. The Wong–Baker 

Faces Pain Rating Scale has many advantages. It is a self-report 
instrument that comprises—a row of six representative images 
(icons) ranging from “No hurt” to “Hurts worst” corresponding to 
score 0 to 10, respectively. It is easy to administer and the rate does 
not take too much time to complete and can be used in children 
and adolescents. Anxiety precipitates many physiological changes 
in the body, such as, increase in perspiration, blood pressure, 
heart rate, and pulse rate, which are primarily due to the release 
of stress hormones in the blood, such as, cortisol, adrenaline, and 
norepinephrine. The pulse oximeter can be used to record some 
of these physiological changes. It helps in real-time recording of 
physiological parameters, such as, blood pressure, pulse rate, and 
oxygen saturation.12–14

In the light of the above-mentioned facts, this study was 
conducted to evaluate and compare the pain perception, anxiety 
level, and acceptance of laser with a conventional rotary method 
for cavity preparation in children.
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MAt e r I A l s A n d Me t h o d s 
Thirty patients aged between 6 years and 12 years attending 
the outpatient department in the Department of Pedodontics 
and Preventive Dentistry were selected who came for their first 
dental visit and were fulfilling the inclusion criteria. This study was 
performed under the Helsinki Declaration. Informed consent was 
obtained from the parents of all the children for the procedure of 
laser and conventional treatment.

Inclusion Criteria

• Children between 6 years and 12 years of age.
• The occurrence of at least two active occlusal caries extending 

in the dentine (D3 threshold, WHO system), without pulpal 
involvement in a primary or permanent molar.

• Absence of spontaneous pain.
• Absence of abscess, sinus, and fistula.
• Absence of developmental disorders.
• Absence of congenital or medical disorders.
• No previous laser/rotary (airotor) treatment of a carious lesion.

The present randomized controlled trial was aimed to make 
a fair comparison regarding pain perception and anxiety levels 
between laser cavity preparation and conventional airotor cavity 
preparation. The study was done using a split-mouth design, and 
the technique for cavity preparation to be employed first was 
randomized using the flip coin method.

Treatment Procedure
At the first dental visit, baseline pulse rate was recorded using 
a fingertip pulse oximeter (SCURE, MODEL NO. FTP 1000, India) 
during history taking and clinical examination in a calm and friendly 
environment. In the next appointment, cavity preparation was 
done with an Er,Cr:YSGG laser (BIOLASE Waterlase iPlus, USA) and 
conventional rotary (BEING FOSHAN HANDPIECE, China) method, 
using a split-mouth design. Pulse rate was measured after the 
completion of each cavity preparation and before commencing 
the restoration to correctly measure the stimulus-induced anxiety 
in the child. Patients were given a rest period between successive 
cavity preparation to reach the baseline pulse rate. For each 
treatment, the pain was also measured after the cavity preparation 
and before restoration by asking the child to indicate the face on 
the Wong–Baker Faces Pain Rating Scale. At the end, when the child 
had undergone both the procedures, the child was asked about the 
preference in-between laser and conventional rotary methods for 
future treatment of decayed teeth.

The data obtained were tabulated and subjected to statistical 
analysis. SPSS Software 20.0 was used for data analyzes.

re s u lts 
Anxiety Level
On comparison of the mean values of pulse rate before cavity 
preparation (85.57 ± 10.523/minute) and pulse rate after cavity 
preparation (93.2 ± 9.654/minute) in the airotor group, the mean 
values of pulse rate after cavity preparation were higher with a mean 
difference of 7.633, and this difference was statistically significant 
with a p value of <0.001. On comparison of the mean values of 
pulse rate before cavity preparation (85.57 ± 10.523/minute), and 
pulse rate after cavity preparation (89.57 ± 12.085/minute) in the 

laser group, the mean values of pulse rate after cavity preparation 
were higher with a mean difference of 4, and it was statistically not 
significant with a p value of 0.053 (Tables 1 and 2) and (Figs 1 and 2).

Pain Perception
On comparison of the mean values of pain during cavity preparation 
by airotor (1.13 ± 1.137) and laser (0.87 ± 1.137), the mean values 
of pain in the airotor group were higher with a mean difference of 
0.267; however, it was statistically not significant with a p value of 
0.38 (Table 3) and (Fig. 3).

Preference
Out of 30 children, 13 (43%) children prefer airotor and 17 (57%) 
children prefer laser for future treatment of decayed teeth (Table 4) 
and (Fig. 4).

dI s c u s s I o n 
In dental setup, pediatric patients recognize some stimuli that 
trigger their dental anxiety. Dental anxiety can be coped with by 
removing four major primary sensory triggers—sound (drilling), 
sight (air turbine drill), smell, and sensations (high-frequency 
vibrations).1–8

In the present study, pulse rate was found to be significantly 
higher after the cavity preparation with airotor when compared to 
the baseline pulse rate. However, no significant difference in pulse 
rate was observed before and after cavity preparation with the 
laser. The probable reason for airotor to cause more anxiety may 
be due to high-frequency sound and vibrations that are ineluctable 
with traditional rotary instruments that often make patients feel 
uncomfortable. The non-contact mode of erbium lasers with hard 
tissue produces less vibration in comparison to airotor permitting 
tooth preparations to be less anxiety-provoking and comfortable. 
There is no smell when cavity preparation is performed with 
adequate suction. Popping sound produced by the laser is more 
comfortable than the turbine noise. Through various studies, it has 
been found that fear of drill is a principal cause of dental anxiety 
among children.1,9,15–18

Evans et al.15 observed that children over 10 years of age 
chosen laser over the conventional method for cavity preparation. 
They concluded that this could be because less vibrations were 
produced by laser in comparison with the conventional method 
during cavity preparation. In another study conducted by Liu 
et al.,16 it had been found that lower tooth vibration appeared 
in laser preparations, and that head or body movements were 
occasionally recorded during laser preparation, which suggests 
that a child’s behavior can be greatly enhanced with laser cavity 
preparation. Similarly, Yamada et al.18 also found that the sound 
of the dental drill has the strongest influence on the unpleasant 
feeling of patients at the dental clinic. The result of the present 
study is also in accordance with the study conducted by Eren 
et al.,9 who observed that patients were less anxious and more 
comfortable during cavity preparation with Er,Cr:YSGG laser in 
comparison to airotor.

In the present study, the mean value of the pain associated with 
cavity preparation by airotor was found to be more than the cavities 
prepared by laser, although it was not statistically significant. 
Many studies have found significantly higher pain during cavity 
preparation with the airotor as compared to the laser. This can be 
due to variation in study design, use of different hard tissue lasers, 
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and different age groups of the study subjects. The probable reason 
for the airotor to cause more pain may be the mechanism of tooth 
preparation. Cavity preparation from the airotor is by abrasion 
method that causes heat generation leading to a rise in intrapulpal 
temperature. Second, the pressure is applied to contact the rotating 
tool with the tooth surface. Thermal injury to the pulp caused by 
mechanical preparation results in neurogenic inflammation, giving 
rise to pain, and a hyperemic increase in pulpal blood flow. Whereas, 
Er,Cr:YSGG laser uses extremely short pulse durations that can easily 
ablate layers of calcified tissue with minimal thermal effect. It has 
a high empathy for hydroxyapatite and the highest absorption of 
water compared to other dental laser wavelengths. Erbium lasers 

have low penetration which causes minimal deleterious changes 
on the tooth and also results in a low perception of pain by the 
patient. Similar results were reported by Glockner et al., who 
demonstrated that there was a temperature drop in the pulp during 
cavity preparation with a laser due to cooling by water and air, while 
there was a rise in temperature to >60°C with the conventional bur 
preparation. A higher temperature rise in the pulp leads to greater 
inflammation and more pain.9,10,19–27

In our study, when children were asked for the preference 
in-between laser and airotor for future treatment of decayed teeth, 
the majority of the children preferred laser over airotor. Almost all 
the studies which have compared laser with rotary instruments, as 

Table 1: Comparison of pulse rate before and after cavity preparation in the airotor group

N Mean
Standard 
deviation

Paired differences

t df p value
Mean 
difference

Standard 
deviation

Airotor 
group

Pulse rate before cavity preparation 
(during history taking/baseline)

30 85.57 10.523 −7.633 8.381 −4.989 29 <0.001

Pulse rate after cavity preparation 30 93.2 9.654

Table 2: Comparison of pulse rate before and after cavity preparation in the laser group

N Mean
Standard 
deviation

Paired differences

t df p value
Mean 
difference

Standard 
deviation

Laser group Pulse rate before cavity 
preparation (during history 
taking/baseline)

30 85.57 10.523 − 4 10.844 − 2.02 29 0.053

Pulse rate after cavity prepa-
ration

30 89.57 12.085

Fig. 1: Comparison of pulse rate before and after cavity preparation in 
the airotor group

Fig. 2: Comparison of pulse rate before and after cavity preparation in 
the laser group

Table 3: Comparison of pain during cavity preparation in between airotor and laser groups

N Mean
Standard 
deviation

Paired differences

t df p value
Mean 
difference

Standard 
deviation

Pain Airotor group 30 1.13 1.137 0.267 1.639 0.891 29 0.38
Laser group 30 0.87 1.137
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a tool for cavity preparation have found similar results in favor of 
laser, which has led to the acceptance of laser.13,15,19

Genovese and Olivi19 evaluated the laser therapy efficacy in 
pediatric dentistry and found the acceptance was 90% for children 
needing hard-tissue treatments. In another study by Polizeli et al.,13 
it was found that children’s preference for laser as the method of 
selective caries removal in a future restorative treatment was 90%.

In the present study as well as in the previous studies, promising 
results are obtained when lasers are used for cavity preparation 
in alleviating anxiety and pain. But, despite encouraging results, 
the applicability of lasers in current clinical practice is uncertain. 
Lasers represent an advanced technological device that is expected 
to be much more expensive than traditional drills for dental 
treatments, which could influence its use in daily clinical practice. 
Since different wavelengths are necessary for various soft and 
hard tissue procedures, the practitioner may need more than one 
laser. High startup costs are required to purchase the equipment, 
implement the technology, and invest in the required education 
and training.28–30

However, laser use could be justifiable in certain circumstances, 
such as, in children showing high dental anxiety. The laser can be 
a good alternative for anxiety or patients with a phobia, but more 
studies have to be done for that to be well established.

co n c lu s I o n 
During cavity preparation, Er,Cr:YSGG laser can be more effective, 
when compared with rotary instruments, in reducing pain and 
anxiety in children. Thus, Er,Cr:YSGG laser application can be a 
suitable alternative for restorative treatment in pediatric dentistry.

cl I n I c A l sI g n I f I c A n c e 
Er,Cr:YSGG laser helps the children to remain calm during the cavity 
preparation.
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