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Abstract
Background:  Due to the complications of root canal treatment, conservative modalities to preserve 
pulp vitality are favorable. Direct pulp capping (DPC) refers to the coverage of the pulp tissue 
exposed by a biocompatible agent that can improve the prognosis of the tooth by 44% to 95%. 
Some recent studies have reported more predictable results (a success rate of about 90%) for DPC 
with laser and regenerative materials such as mineral trioxide aggregate (MTA). This study aimed to 
clinically compare DPC with ProRoot MTA alone and in combination with Er:YAG (erbium-doped 
yttrium aluminium garnet)  laser irradiation (2940 nm).
Methods: This clinical trial was conducted on 26 patients with a mean age of 29 years (in the range 
of 17 to 46 years) who required DPC following pulp exposure during deep caries removal. The 
teeth were divided into two groups. In the control group, the teeth underwent DPC with ProRoot 
MTA while in the test group, the teeth were first irradiated with a 2940 nm Er:YAG laser and then 
underwent DPC with ProRoot MTA. The patients were recalled at one, 3 and 6 months for the 
follow-up (clinical and radiographic examinations). The data were analyzed using Fisher exact test.
Results: The success rate was 75% in the laser group and 93% in the control group. The groups were 
not significantly different (P>0.05).
Conclusion: No significant difference was found in terms of the success rate of DPC with ProRoot 
MTA alone and in combination with Er:YAG laser irradiation.
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Introduction
Root canal treatment is suitable for teeth with irreversible 
pulpitis or pulp necrosis. However, considering the 
functions of dental pulp and its protective mechanisms 
to confront pathogenic bacteria, pulp vitality should be 
preserved if possible.1 
Vital pulp therapy is designed to preserve and maintain 
pulpal health in teeth that have been exposed to trauma, 
caries, restorative procedures, and anatomic anomalies.2 

Vital pulp therapy includes full pulpotomy, partial 
pulpotomy and direct pulp capping (DPC) and is a 
biological, affordable, conservative and simple modality 
with a high success rate. It is recommended for all teeth 

diagnosed with reversible pulpitis or partially inflamed 
pulps in which the remaining healthy tissue can be 
conserved to generate a hard tissue barrier that seals and 
protects the pulp from a future microbial insult.3-5

The underlying purpose of vital pulp therapy is to avoid 
or delay root canal therapy and advanced restorative care 
because these, together, may reduce long-term tooth 
survival compared to teeth with vital pulp.6

DPC is defined as “placing a dental material directly on 
mechanical or traumatic vital pulp exposure” and “sealing 
the pulpal wound to facilitate the formation of reparative 
dentin and the maintenance of the vital pulp.”7

DPC is a common treatment modality in restorative 
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dentistry and endodontics because successful pulp 
capping can maintain the vitality of the exposed pulp and 
consequently the tooth, which is important from both the 
biomechanical and esthetic points of view.5

The success of DPC depends on case selection, 
hemostatic agents, the choice of pulp capping material, 
the integrity of the sealed permanent restoration, the time 
interval between pulp exposure and treatment, patient’s 
age, the developmental stage of the root, the location of 
pulp exposure, and the severity of bleeding. Its success rate 
may range from 44% to 95%.5,6,8-11 In cases of traumatic 
pulp exposure, early intervention during the first 24 hours 
provides the best prognosis since it minimizes microbial 
accumulation.8 

The introduction of new bioactive materials, along 
with modified protocols, makes more teeth with deep 
caries, traumatic injuries, and mechanical exposure viable 
candidates for innovative pulp therapies designed to 
potentiate and maintain pulpal survival.6,9-11

 At present, several methods are available for DPC. 
Mineral trioxide aggregate (MTA) has suitable properties 
such as high sealing ability,12 high pH,12 optimal 
biocompatibility, prevention of bacterial leakage,13 and 
long-term stability.

MTA stimulates reparative hard tissue formation by 
sequestering growth factors and cytokines and other 
bioactive molecules embedded in the surrounding dentin 
matrix, such as transforming growth factor beta (TGF-β), 
adrenomedullin, vascular endothelial growth factor, 
macrophage colony-stimulating factor, interleukins (IL-
1α, IL-1β , Il-6, and IL-8), myeloperoxidase, inducible 
nitric oxide synthase, nuclear factor-kappa B, activating 
protein-1, and cyclooxygenase-2.14-18

MTA most likely up-regulates the fibroblast secretion 
of BMP-2 and TGF-β1.18-23  The increased presence of 
these dentine extracellular proteins as the result of MTA 
culminates in dentin bridge formation after stimulating 
the reparative dentinogenic mechanism.14,24,25 

Lasers are among the currently used methods for pulp 
capping. Recent studies have reported a success rate of 
about 90% for DPC with a laser.26 Lasers for pulp capping 
have advantages such as disinfecting and coagulative 
properties,8 bactericidal effects, and providing a sterile 
environment. It should be noted that all laser types have 
sterilizing effects. Considering the key role of elimination 
of bacteria in the success of DPC, the sterilizing effect 
of a laser may be able to enhance the success rate of this 
treatment modality.8 

Studies on the effect of the Er:YAG (erbium-doped 
yttrium aluminium garnet)  laser on dental pulp have 
discussed that Er:YAG laser irradiation triggers reparative 
pulp response, the formation of the dentinal bridge, and 
the prevention of secondary caries.27 This study aimed to 
assess the effect of the Er:YAG laser on the success rate of 
DPC with MTA.

Materials and Methods 
This clinical trial was conducted on patients referred to 
the School of Dentistry, Tehran University of Medical 
Sciences. The inclusion criteria were as follows:
•	 Deep caries with less than 1 mm distance to dental 

pulp on periapical radiographs 
•	 Absence of spontaneous/nocturnal pain, fistula, 

periapical lesion or any sign/symptom of irreversible 
pulpitis

•	 Permanent teeth with closed apices
•	 No mobility
•	 No sensitivity to percussion
•	 No periodontal problem
•	 The tooth was not supposed to be an abutment for 

denture or orthodontic appliances
•	 Patients did not have bruxism
•	 Patients were not under chemotherapy or 

radiotherapy
After taking a periapical radiograph and clinical 

photographs and conduction of clinical heat (with a 
burnisher heated on flame) and cold (cotton pellet and 
ethylene chloride spray) tests, patients between 17 and 46 
years were chosen for the study. They were briefed about 
the treatment and its risk of failure and signed informed 
consent forms. 

A rubber dam (Dental Dam, USA) was placed and local 
anesthesia was induced by injection. Cavity outline was 
prepared by a diamond bur, and then carious lesions were 
removed by a carbide bur. First, the peripheral caries was 
removed and then the pulpal wall caries was carefully 
removed using a low-speed hand-piece. Of 56 teeth in 
the study, pulp exposure occurred in 26 during caries 
removal. 

The remaining teeth were restored with amalgam or 
composite resin. In the case of pulp exposure, the size of 
exposure was measured by a periodontal probe and then 
bleeding was controlled using a cotton pellet dipped in 
2% sodium hypochlorite. The diagnosis of irreversible 
pulpitis was made if the bleeding did not stop within 10 
minutes and such teeth were excluded from the study. 

After hemostasis, the patient was assigned to the laser 
group or the control group. In the laser group, first the 
exposure area and the entire cavity floor were irradiated 
with the Er:YAG laser with a 2940 nm wavelength 
(wavelength 100 mJ energy per pulse, 10 Hz repetition 
rate, 450 micro-second pulse duration and 1mm tip 
diameter) with minimal distance from the exposure site 
was used for 10 seconds in a scanning mode on the site 
with 0.5 mm of the surrounding tissues.) 

In order to prevent the tissue from peeling, air and 
water parameters were turned off) (Figure 1). Then 
ProRoot MTA (Dentsply) was applied to the exposed area 
for pulp capping.

MTA powder was mixed with distilled water with a 
3:1 ratio on a glass slab to reach a creamy consistency 
and it was then applied over the exposure site using an 



Kermanshah et al

 Journal of Lasers in Medical Sciences  Volume 11, Suppl 1, Autumn 2020S62

MTA carrier. A cotton pellet dipped in distilled water was 
placed on the MTA and then the cavity was temporarily 
restored with polycarboxylate cement (P25, Germany).

 The same procedures were performed in the control 
group except for laser irradiation. 

The patients were recalled 1 week later. The temporary 
restoration was removed and the MTA was assessed in 
terms of hardness, coverage of the exposure site and sealing 
of the area. The temporary restoration was removed and 
the MTA setting was assessed. MTA had been displaced 
in three patients (1 from the control group and 2 from the 
laser group), so in these three patients MTA was placed 
on the exposure site again.

 After ensuring an adequate MTA setting, a wedge 
(Minadent, Iran) and a metal matrix band were placed 
and the enamel edges were etched (Meta Etchant, Korea) 
for 15-30 seconds, washed and dried. Then two layers of a 
6th generation bonding agent (Clearfil SE Bond, Okayama, 
Japan) were applied over the cavity of all of the teeth of 
both groups and they were cured with a light-curing unit 
(Woodpecker, China) with a light intensity of 1000 mW/
cm2 for 20 seconds. The cavity was incrementally filled 
with composite resin (Z250, 3M ESPE, USA) and cured 
with a light-curing unit (Woodpecker, China) with a light 
intensity of 1000 mW/cm2 for 40 seconds, or it was filled 
with high-copper amalgam (Sinalux, Iran) (Figure 2). 

Cavities were class II, class V or complex. Of all teeth, 
seven were restored with amalgam, 19 were restored with 
composite and four teeth received complex restorations 
(Choosing different filling materials was based on the 
extent and shape of the cavity (subgingival position of 
cavosurface margin), esthetic (composite vs. amalgam), 
and most importantly establishing a coronal seal using 
either material). 

The patients were followed up for one, 3 and 6 months. 
Cold and heat tests were performed and radiographs were 
obtained on the follow-up sessions. In case of noticing 
signs/symptoms of tooth necrosis during the follow-up 
period, the patient was referred for endodontic treatment 
(4 patients; 3 from the laser group and 1 from the control 

group). 
Fisher exact test was applied to compare the percentage 

of success between the two groups with a P<0.05 level of 
significance. 

Results 
The control group included 14 patients between 17 to 46 
years old (the mean patient age was 29). The laser group 
included 12 patients between 18 to 46 years old (the mean 
patient age was 28). Table 1 shows patient demographics 
and type of teeth.

The control group (14 teeth) included 11 small, 1 
medium and 2 large exposures. The laser group (12 teeth) 
included 2 small, 3 medium and 7 large exposures. In the 
control group, 13 out of 14 teeth (93%) remained vital 
during the 3-month follow-up. One tooth that had small 
exposure did not respond to pulp sensibility tests at a one-
month follow-up and underwent RCT.

9 out of 12 teeth (75%) in the laser group remained vital 
during the 3-month follow-up. All three teeth that did not 
respond to pulp sensibility tests at follow-up sessions and 
underwent RCT had large exposures. One tooth in the 
laser group showed treatment success at the one-month 
follow-up but failed two months later. Other failures 
occurred during the first month postoperatively. 

The percentage of success was not significantly different 
between the two groups (P value = 0.31). 

Table 2 shows the percentage of the vitality of the teeth 
in the laser and control groups at one and three months. 7 
out of 13 patients (53.8%) in the control group and 1 out 
of 9 patients (11.11%) in the laser group showed up for a 
six-month follow-up, in which the teeth responded to cold 
and heat tests. The other 9 patients had no complaint of 
symptoms and did not show up. Radiographic evaluation 
at 1, 3 and 6 months showed no signs of periapical disease.

Discussion 
Evidence shows that conservative treatments to preserve Figure 1. The Laser Device and Handpiece.

Figure 2. (a) Pre-operative Radiograph, (b) Pulp Exposure During 
Caries Removal, (c) Applying ProRoot MTA (Dentsply) Over the 
Exposed Area After Hemostasis (Using a Cotton Pellet Dipped 
in 2% Sodium Hypochlorite), (d) Permanent Restoration With 
Composite Resin (z250,3M ESPE, USA).
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pulp vitality are increasing.28 DPC is defined as the 
coverage of dental pulp with a biocompatible material 
such as MTA following exposure due to caries or trauma. 
This treatment modality can acceptably improve the 
prognosis of such teeth.29 
In the current study, DPC was performed for 26 teeth 
with extensive caries, which experienced pulp exposure 
following caries removal. The teeth were subjected to 
DPC with ProRoot MTA alone or in combination with 
Er:YAG laser irradiation. Recent studies have reported 
more predictable results (about 90% success rate) for DPC 
with lasers compared to conventional techniques (about 
60% success rate). Studies on the application of lasers with 
different wavelengths for vital pulp therapy are limited.8 
DPC with lasers has significant advantages compared to 
conventional DPC including:
1.	 Disinfecting effect which is due to the bactericidal 

properties of laser irradiation. All laser types possess 
this property; however, the disinfecting efficacy of 
a laser may vary depending on its wavelength and 
penetration depth. CO2 and erbium lasers have a 
more superficial effect than diode and Nd:YAG lasers. 

2.	  Coagulation: Lasers cause superficial necrosis of the 
area with reversible pulpitis and eventually lead to 
dentinal bridge formation. 

3.	  Insignificant temperature rise: Erbium lasers with 
2780 to 2940 nm wavelengths do not significantly 
increase the temperature since they are used in a non-
contact mode and remove the tissue under copious 
water and air spray. 

4.	  Decompression of cavity: Erbium lasers cause 
decompression of the cavity and decrease the risk of 
entry of infected dentinal chips into the pulp. 

5.	  Dentinal melting: Erbium lasers, particularly the 
Er,Cr:YSGG laser, create a barrier against physical 

and chemical stimuli.
6.	  Biostimulating effect: Erbium lasers have high 

potential for pulpal repair and regeneration.5,8,26, 27 
The Er:YAG laser enables the coagulation and 

disinfection of exposed pulp. The coagulating effect 
of this type of laser is controllable, in contrast to 
other wavelengths of the laser, due to its superficial 
penetration.5,8,26,27 

Considering the advantages of lasers for DPC, 
especially erbium lasers, as well as the limited studies 
available on this topic, we evaluated the effect of Er:YAG 
laser irradiation on the outcome of DPC with MTA. 
Since cavity preparation was not performed with a laser 
in this study, we did not expect decompression or an 
insignificant increase in pulpal temperature. We used a 
laser for the purpose of coagulation and disinfection of 
the exposure site. Moreover, we used ProRoot MTA for 
DPC in both laser and control groups since it has optimal 
properties such as high sealing ability, high pH, optimal 
biocompatibility, prevention of bacterial leakage, long-
term stability and induction of cementum, and bone and 
dentin formation12,13,16,24,29 and it has an optimal success 
rate for DPC. 

In an animal study in 2001, Jayawardena et al 
histologically evaluated the pulpal response to Er:YAG 
laser irradiation following accidental pulpal exposure 
and concluded that this laser was highly capable of the 
induction of the dentinal bridge and secondary dentin 
formation.27 Our results were in agreement with those of 
Olivi et al,8 who reported a 75% success rate in the Er:YAG 
laser group. However, they prepared the cavity with a 
laser while we prepared the cavity using a bur. Cavity 
preparation by a laser provides better conditions for 
pulpal repair. On the other hand, patients were younger 
in their study compared to ours. 

Santucci et al in 1997 were the first to use the Nd:YAG 
laser for DPC in humans. They compared DPC with 
calcium hydroxide and laser in terms of the success rate 
and showed that the laser group had a higher success rate. 
Their results were different from ours, which may be due 
to the use of calcium hydroxide instead of MTA. Also, 
They used the Nd:YAG laser instead of the Er:YAG laser.26 

In 2013, Hilton et al30 compared the success rate of DPC 
with MTA and calcium hydroxide and reported that the 
success rate of MTA at the two-year follow-up was 81% 
while this rate was 78.5% for calcium hydroxide. The 
success rate of DPC with MTA was 93% in our study. This 
small difference may be attributed to different follow-up 
periods.30 

 In a review study by Aguilar and Linsuwanont in 2011, 
the mean success rate of MTA at one year was 90.5%, 
which was in agreement with our findings.31

Hasheminia et al29 histologically compared DPC with 
the Er:YAG laser and MTA in their animal study and 
showed that DPC with MTA alone and in combination 
with Er:YAG laser irradiation can both yield optimal 

Table 1. Patient Demographics and Type of Teeth That Received Pulp Capping 
Treatment

Control Laser

Gender
Male 5 7

Female 9 5

Age 29±9 28±10

Type of tooth

Canine 1 0

First premolar
2

3

Second premolar 3 5

First molar 5 4

Second molar 2 0

Table 2. Percentage of the Vitality of Teeth in the Laser and Control Groups 
at 1 and 3 Months

1 Month 3 Months

Control 93% 93%

Laser 83% 75%
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results. Their findings were in agreement with ours. 
In 1995, Moritz et al5 evaluated the results of DPC with 

the CO2 laser and reported the two-year success rate of 
93% in the laser group and 68% in the calcium hydroxide 
(control) group. Their findings were different from ours, 
which may be explained by the use of different types of 
lasers, different follow-up times and different types of 
pulp exposure (they evaluated cases of accidental pulp 
exposure with no carious lesion). 

In the case of pulp exposure following extensive caries, 
it would be difficult to accurately evaluate the pulp status. 
Although the assessment of pulp status plays a critical role 
in the success of vital pulp therapy, there is no accurate 
tool to determine the degree of inflammation of dental 
pulp. Clinical symptoms such as the presence and severity 
of pain and cold, heat and electrical pulp tests only show 
a positive or negative response.32 Histological studies have 
shown that exposed pulp tissue following carious pulp 
exposure is not always infected; this depends on the time 
passed since exposure and severity of caries.31 Matsuo et 
al believed that the severity of bleeding following pulp 
exposure is a better indicator of the severity of pulpal 
inflammation compared to clinical symptoms. Severe 
bleeding, which is difficult to control, usually indicates 
severe pulpal inflammation.32 Several methods have been 
recommended to control pulpal bleeding. Irrigation with 
sodium hypochlorite (1.25% to 6%) is the most commonly 
suggested technique. If bleeding does not stop within 1-10 
minutes, it may show incomplete removal of infected pulp 
tissue or the spread of infection into the radicular pulp.31-

38 
Thus, in the current study, clinical examination 

was carried out by the heat and cold tests to rule out 
irreversible pulpitis. In the case of pulp exposure, first the 
area was rinsed with chlorhexidine and we tried to stop 
the bleeding by placing a cotton pellet dipped in sodium 
hypochlorite over the exposure site. If the bleeding did 
not stop within 10 minutes, the diagnosis of irreversible 
pulpitis was made and the patient was excluded from the 
study. 

Studies on the effect of age on the success of vital pulp 
therapy are scarce. This treatment modality is more 
commonly recommended for young adults because it 
is believed that young individuals’ pulp tissue has high 
regeneration potential. However, no clinical study is 
available to confirm this statement and patients in the age 
range of 6 to 70 years have well responded to vital pulp 
therapy. This indicates the high potential of dental pulp 
for regeneration following the elimination of infective 
agents.31 

In the current study, the patients were between 17 to 46 
years of age (mean age of 29 years). Teeth with failed pulp 
capping treatment belonged to those who were 45, 35, 33 
and 46 years old. 

Considering the results of previous studies on the 
insignificant effect of the size of exposure on the results 

of DPC,39 this factor was not evaluated in our study. 
Due to the existing limitations, randomization was not 
performed. The majority of teeth in the laser group (7 out 
of 12 teeth) had large (>2 mm) exposure sites while the 
majority of teeth in the control group (10 out of 14 teeth) 
had small exposure sites (<1 mm). Also, all failures in 
the laser group occurred in the teeth with large exposure 
sites. Therefore, it may be assumed that the large size of 
exposure may be responsible for a lower success rate in 
this group. 

On the other hand, the follow-up period was short in 
our study (6 months). Considering the reported success 
rates for DPC with a laser in long-term follow-ups (over 
2 years), it may be expected that the successful treatments 
last for a long time in the laser group. 

According to the current results, DPC with MTA 
had a 93% success rate while DPC with MTA and the 
Er:YAG laser showed a 75% success rate. Therefore, both 
modalities are acceptable for the preservation of pulp 
vitality, although it seems that DPC with MTA and the 
Er:YAG laser with the parameters used in this study has 
no superiority over DPC with MTA alone. 

Since the difference in the success rate between the two 
groups was not significant with the selected sample size, 
this study can serve as a pilot study for future studies on 
this topic. 
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