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Direct pulp capping induces a local inflammatory process. 
Several biomaterials have been used for this procedure. The aim 
of this study was to compare the dentinal bridge thickness using 
three different pulp capping biomaterials with the conventional 
technique (high speed diamond bur) or Er-Yag laser, 1 month 
after pulp effraction. Materials and Methods: Forty two Class 
V cavities were prepared on the buccal surface of 4 maxillary 
incisors and 2 mandibular incisors of New Zealand rabbits. 
Specimens were divided into 6 treatment groups. Teeth 
were treated with: In Group 1: Er-Yag laser and Biodentine® 
(Septodont), in Group 2: Er: Yag laser and calcium hydroxide 
(Dycal® Dentsply), in Group 3: Er: Yag laser and adhesive system 
(Prime& Bond® NT Dentsply), in Group 4: high speed diamond 
bur and Biodentine® (Septodont), in Group 5: high speed 
diamond bur and calcium hydroxide (Dycal® Dentsply), and in 
Group 6: high speed diamond bur and adhesive system (Prime& 
Bond® NT Dentsply). The preparation was done with copious 
irrigation. The animals were sacrificed at 30 days and the teeth 
were extracted and prepared for histological analysis. Results: 
In the group of « laser Er-Yag », iatrogenic pulpal wounds treated 
with Biodentine® were covered with a thick hard tissue barrier 
after 1 month. The difference was not significant with the groups 
of Dycal® used with Er: Yag laser and high speed diamond bur. 
Prime& Bond® NT Dentsply specimens showed a thin dentinal 
bridge layer. Conclusion: At 1 month, Er-Yag laser proved to be 
useful with Biodentine® for direct pulp capping procedures. 
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Introduction

Direct pulp capping is a procedure defined to cover an exposed pulp by a bio-
compatible material to promote dentinal bridge formation. The biocompatibility 
or inflammatory effects of pulp capping materials are important to avoid pulp tis-
sue irritation or degeneration1. Direct pulp capping therapies use biomaterials to 
protect exposed tissues, inducing repair through the production of a mineralized 
barrier2. This procedure induces a local inflammatory process leading to pulp cells 
recruiting. They proliferate and differentiate into odontoblast cells that produce 
an extracellular matrix which turns out to be a scaffold for a mineralized dentinal  
reparative bridge3. 

Calcium Hydroxide (Ca(OH)2) has been considered as the material of choice for direct 
pulp capping. It showed good biocompatibility properties with the dental pulp tissue, 
inducing the expression of reparative molecules4. Despite its low-grade irritation of 
the traumatized pulp tissue, Ca(OH)2 showed disadvantages including gradual deg-
radation, tunnel defects in dentinal bridge and poor sealing properties5. These clini-
cal characteristics have encouraged the development of several other materials for 
direct pulp capping6.

Biodentine® is made up predominantly of highly purified tricalcium silicate (80.1%) 
as the main core material, calcium carbonate (14.9%) as a filler, and zirconium oxide 
(a radioopacifier)7. With active technology. It can be used not only as an endodontic 
repair material but also as a coronal restorative material for dentin replacement. 
It is a restorative cement with dentin-like mechanical properties that can be used 
as a dentine substitute on crowns and roots. It has a positive effect on vital pulp 
cells and stimulates tertiary dentin formation8. Direct pulp capping with adhesive 
systems is still a controversial subject. Several studies was done to investigate the 
effect of adhesive systems on direct pulp capping9. Laser technology proved effec-
tive in improving the prognosis of pulp capping procedures on teeth affected by 
deep caries pathology. Lasers for pulp capping have advantages such as disinfect-
ing and coagulative properties10. 

The aim of this study was to compare the dentinal bridge thickness using three differ-
ent pulp capping biomaterials with the conventional technique (high speed diamond 
bur) or Er-Yag laser, 1 month after pulp effraction. 

Materials and methods 

Surgical procedure

This study was approved by the ethical committee at Saint Joseph University, Lebanon

A total of 42 healthy, mature, permanent maxillary and mandibular incisor teeth of 7 
New Zealand rabbits (3.5–4 kg weight) were included in the study (Fig.1).

The animals were anesthetized by intraperitoneal injection of a combination of ket-
amine (Imalgene 500, Merial, France) (50mg/ml) and xylazine (Rompun, Bayer, France)

(25mg/ml).
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42 Class V cavities were prepared in the cervical buccal surface of 4 maxillary incisors 
and 2 mandibular incisors. They were divided into 2 groups according to the tech-
nique of the cavity preparation.

•	 In the first group, 21 class V cavities were prepared with an exposure zone in the 
center of each cavity using a high-speed round diamond bur (0.2mm) without 
excessive pressure and with copious irrigation (Fig 2).

•	 In the second group, 21 cavities were prepared and pulps were exposed by a 0.2 
tip of Er-Yag laser irradiation at an energy level of 200mJ, a frequence of 15 Hz, 
with 4 % water and 6% air (Fig 3).

Following immediately the exposure, the cavities were washed with sterile 0.9% nor-
mal saline and capped with 3 different materials. The capping biomaterials were used 
according to the manufacturer’s instructions:

•	 Biodentine® (Septodont).

•	 Calcium hydroxide, CH paste (Dycal®). 

•	 Adhesive system (Prime&Bond NT® Dentsply).

Specimens were divided into 6 treatment groups:

Groupe  1: teeth were treated with Erbium:YAG laser and Biodentine® Septodont.

Groupe  2: teeth were treated with Erbium:YAG laser and self-hardening calcium 
hydroxide (Dycal® Dentsply).

Groupe 3: teeth were treated with Erbium:YAG laser and adhesive system (Prime&-
Bond NT® Dentsply).

Groupe 4: teeth were treated with high speed diamond bur and Biodentine®.

Groupe 5: teeth were treated with high speed diamond bur and self-hardening cal-
cium hydroxide (Dycal® Dentsply).

Groupe 6: teeth were treated with high speed diamond bur and adhesive system 
(Prime&Bond NT® Dentsply).

All cavities were subsequently filled with a bulk- fill flowable composite SDR 
(DENTSPLY) and covered by Esthet-X composite DENTSPLY

This study involves two treatment steps: the first step involves preparation of the 
exposed pulp tissue and the surrounding dentin, whereas the second step consists of 
sealing the exposed pulp with one of the mentioned dental materials 

The animals were sacrificed at 30 days using anesthetic overdose and the incisors 
were extracted and prepared for histological examination and evaluation.

A histological procedure for non- demineralized bone was used for all excised tissue 
specimens. Each tooth specimen was fixed in 10 % phosphate-buffered formalin, rinsed 
in water, dehydrated in ethanol, cleared in xylene, and embedded in methylmethacrylate.
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Sections of the fixed teeth were cut parallel to the sagittal plane. Each section was 
then ground down to a thickness of 100 μm, using the Exact Grinding System (Exact 
Aparatebau GmbH Norderstedt, Germany) and polished down to 70 μm. These spec-
imens were stained with hematoxylin and eosin staining before visualisation under 
standard light microscopy. Histomorphometric analysis was performed using a 
lightmicroscope (Olympus Bx 4500) linked to a digital camera (Nikon Coolpix 4500) 
equipped with a video and image analysis system (System Supply Co. Ltd., Ina, 
Japan). The histomorphometric data of three sections from each specimen were 
extracted using the UTHSCA Image Tool 3.0 software. One measurement was taken 
in the middle of the dentinal brige and the other two were evaluated at two equi-
distant points. Each image was filtered and the pixels belonging to mineralized tis-
sue and to residual material were identified, delineated manually. The areas of newly 
formed dentinal bridge and inflammatory cell response as presence or absence of 
each image were quantified. 

Statistical analyses

The data collected from the histological examinations were statistically analyzed 
using the SPSS for Windows version 18.0. The alpha error was set at 0.05. The out-
come variable of the study was the dentinal bridge thickness. 

The Kolmogorov-Smirnov tests were used to assess the normality of the distribution 
of variable.

Kruskal-Wallis tests followed by multiple comparisons tests after adjustment or 
type I error were used to compare the dentinal bridge thickness between Biodentine®, 
Dycal® and adhesive system. Mann-Whitney tests were used to compare the primary 
outcome variable between laser and conventional technique. The P-value was con-
sidered significant.

Figure 1. Permanent maxillary and mandibular incisor teeth of  New Zealand rabbits
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Results
Two rabbits were lost after 2 weeks of the treatment

Histological observations

Most of specimens showed after 4 weeks of dental pulp capping complete dentinal 
bridge formation and absence of inflammatory cells. However, we find abundant 
inflammatory cells in teeth prepared with the conventional technique and capped 
with the adhesive system (Fig 4).

Histomorphometric observations

After 4 weeks of pulp capping, histological analysis of sections of the excised spec-
imens provided evidence that all the teeth showed a dentinal bridge formation in 
continuity with the residual dentin in either the absence or presence of inflamma-
tory cells (Fig 4).

The newly formed dentinal bridge in contact with the pulp exposure appeared mature.

The thickness of the dentinal bridge using the high speed diamond bur was signifi-
cantly higher with Biodentine®, intermediate with Dycal® and smaller with adhesive 
system (-p-value <0.0001).

When using the laser Er/Yag technique, the thickness of the dentinal bridge was sig-
nificantly higher with Biodentine® (-p-value <0.0001). No significant difference was 
found between Dycal® and the adhesive system at 1 month when using Laser Er-Yag 
(-p-value = 0.117).

Figure 2. Pulp exposure with rotating 
instruments Figure 3. Pulp exposure with Er-YAg laser
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a. Teeth treated with Erbium:YAG laser and Biodentine® (magnification ×10); b. Teeth treated with Erbium:YAG laser 
and Biodentine®. (magnification ×40); c. Teeth treated with traditional rotating instruments and Biodentine®: Formation 
of a thick calcified bridge at pulp- Biodentine® interface. (magnification ×10); d. Teeth treated with traditional rotating 
instruments and Biodentine®: Formation of a thick calcified bridge at pulp- Biodentine® interface (magnification ×40); 
e. Teeth treated with Erbium:YAG laser and self-hardening calcium hydroxide (Dycal® Dentsply): Formation of a thick 
calcified bridge at pulp- Dycal®interface (magnification ×10); f. Teeth treated with Erbium:YAG laser and self-hardening 
calcium hydroxide (Dycal® Dentsply): Formation of a thick calcified bridge at pulp- Dycal®interfac. (magnification ×40); 
g. Teeth treated with Erbium:YAG laser and adhesive system (Prime&Bond NT® Dentsply).(magnification ×10); h. Teeth 
treated with Erbium:YAG laser and adhesive system (Prime&Bond NT® Dentsply). (magnification ×40); i. Teeth treated 
with traditional rotating instruments and adhesive system (Prime&Bond NT® Dentsply): Formation of a thin calcified 
bridge at pulp- Prime&Bond NT® interface with the presence of inflammatory cells. (magnification ×10); j. Teeth treated 
with traditional rotating instruments and adhesive system (Prime&Bond NT® Dentsply): Formation of a thin calcified 
bridge at pulp- Prime&Bond NT® interface with the presence of inflammatory cells (magnification ×40) 

Figure 4. Light micrographs illustrating details of the dentinal bridge formation after 4 weeks of dental 
pulp capping using  different technique and different biomaterials.
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Comparison between techniques

The thickness of the dentinal bridge was significantly higher with Biodentine® associ-
ated with laser Er/Yag compared to Biodentine® associated with high speed diamond 
bur (-p-value = 0.020).

The difference was not significant between laser Er/Yag and conventional technique 
(-p-value = 0.244) with Dycal®.

The thickness of the dentinal bridge was significantly higher with adhesive system 
associated with laser compared to adhesive system associated with high speed dia-
mond bur (-p-value <0.0001) (Table 1, Fig 5).

Biodentine Dycal Resin

Turbine 0.354 0.209 0.150

Laser 0.524 0.223 0.209
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Dentinal bridge thickness

Figure 5. Dentinal bridge thickness among different groups

Table 1. Dentinal bridge thickness among different groups

Dentinal bridge thickness

Biodentine® Dycal® adhesive system -p-value

Turbine Mean ± Standard-deviation 0.354±0.083 a

N=18
0.209±0.036 b

N=15
0.150±0.049 c

N=18 <0.0001

Laser Mean ± Standard-deviation 0.524±0.269 d

N=18
0.223±0.031 e

N=18
0.209±0.027 e

N=18 <0.0001

p-value 0.020 0.244 <0.0001

Discussion
The purpose of this study was to compare the thickness of the dentinal bridge fol-
lowing a pulp effraction using the Er-Yag laser and the conventional technique (high 
speed diamond bur) with 3 different biomaterials: Biodentine®, Dycal® and Prime & 
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Bond®NT Dentsply. The results have rejected the null hypothesis. Biomaterials and 
techniques have affected the thickness of dentinal bridge.

The direct pulp capping aimed to preserve the vitality of the dental pulp after pulp 
exposure. This involves applying a biomaterial to direct contact with a pulpal wound, 
in order to promote its healing and obliteration by a newly formed dentine bridge1. 

The role of the biomaterial is to protect and isolate the pulp from percolation and to 
induce its healing by an anti-inflammatory action, or even by the induction of its den-
tinogenetic activity. 

The success of this treatment is ensured under defined conditions: symptoms- free 
tooth, technical procedure and the choice of the biomaterials11.

Different studies have put the light on the variation of the results and the success rate 
of the direct dental pulp capping when using different materials.

We have used the Calcium hydroxide because it was the gold standard material due 
to its biocompatibility, highly alkaline pH, bactericidal effect and capability to induce 
tertiary dentin formation3. This material created an alkaline environment favorable to 
the formation of dentinal bridge4.

It presents some disadvantages, as has been widely reported: poor adherence to den-
tin, dissolution over time, and multiple tunnel defects in the formed dentin bridges5.

Many studies have been done to find a good substitute to Ca(OH)2 as a pulp-capping 
agent. Some authors tested another biomaterial for dental pulp capping: Biodentine. 
It is a calcium silicate-based restorative cement with dentine-like mechanical prop-
erties. In direct contact with vital pulp tissue, it also promotes the formation of repar-
ative dentine6. This material is a bioactive tricalcium silicate (Biodentine®, Septodont); 
it was introduced for use in vital pulp therapy for direct pulp capping, pulpotomy, and 
indirect pulp capping. Biodentine® has demonstrated bioactivity and formation of 
apatite. A specific characteristic of Biodentine® is its ability to continue to improve its 
mechanical strength over time for several days until reaching 300 MPa after 1 month. 
This process may be related to decreased porosity over time. This increase in the 
cohesion of the crystals formed in contact with the material could create a micro-an-
chorage, responsible for the good adhesion of the biomaterial 

In our study, the thickness of dentinal bridge at 1-month was significantly higher fol-
lowing the use of Biodentine® and was intermediate with Dycal® (-p-value <0.0001). 
In fact, Zaen El Din et al.7 (2020) showed that The results related to Biodentine 
revealed that this material could induce thicker dentinal bridges than MTA and nHap, 
a nano-hydroxyapatite material. 

Although the thickness of the dentinal bridge was significantly higher with the use of 
Er-Yag laser with Biodentine® (-p-value <0.0001), the difference was not significant 
when using Dycal® (-p-value = 0.117).

The results obtained with Dycal® are similar to the results of the study which showed 
that the formation of a dentinal bridge following the use of Dycal® as a pulp capping 
biomaterial can only be obtained after 3 months of the direct pulp capping. Similarly, 
Olsson et al.8 in 2006, concluded that there is no hard tissue barrier reported in stud-
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ies of less than 3 weeks and the general dynamics of neo-formed dentin production 
will follow direct pulp capping using calcium hydroxide. This neo-formed dentine is 
characterized by continuous production but in a variable level over time. Indeed, at 
three months, the thickness of neo-formed dentin is generally thin and for such low 
dentinal thicknesses, reopening before 6 months constitutes a risk of bacterial con-
tamination. In the 1-month period the cessation of the inflammatory phase and tis-
sue organization was observed in some groups. The repair mechanism by deposition 
of mineralized tissue depends on the pH and the ability of tricalcium silicate cement 
to release various ions5.

A pulp capping is successful if a dentinal bridge is formed between the remaining 
pulp and the biomaterial: calcium hydroxide has been 100% successful. However, 
Barrieshi-Nusair and Qudeimat10 in 2006, showed that the thickness of the dentine 
bridge formed with MTA®is greater than that formed by calcium hydroxide. And After 
36-month follow-up, both MTA+ and Biodentine were found to be the appropriate 
material for direct pulp capping in permanent teeth. The non-adhesion of calcium 
hydroxide to dentin and its low mechanical properties make it necessary to apply it in 
a thin layer and to think that calcium hydroxide does not prevent micro-percolation10.

Nielsen et al.12 (2016), have studied the compressive strength of 4 biomaterials: Ther-
aCal®, Biodentine®, mineral trioxide aggregate (MTA®) and calcium hydroxide after 
15 minutes, 3 hours, and 24 hours. After 3 hours, Biodentine® had greater stiffness after 
3 hours to potentially provide better support of an overlying restoration under function 
over time. Kim et al.13 (2016) showed that calcium silicate-based pulp-capping materi-
als induce favorable effects on reparative processes during vital pulp therapy.

The formation of a regular and dense dentinal bridge is histologically demonstrated 
in less than a month. After 1 month, the dentine bridge formed with Biodentine® was 
denser than that formed with calcium hydroxide. 

Laurent et al.11 (2012) has described the ability of the tricalcium silicate-based cement 
to induce reparative dentin synthesis by modulating pulp cells to secrete TGF-ß1 and 
stimulate dental pulp. The key of success for the biological tooth treatment lies in the 
isolation of the pulpo-dentinal complex and the adaptation of pulp capping materials. 
One of the main factors that can compromise this healing are bacterial infiltrations 
through the restoration interface. Stefanova et al.14 in 2015 have demonstrated that 
the dentin surface prepared with Er-Yag laser showed a very good adaptation of the 
tested pulp capping biomaterials which ensured a log term prognosis14.

Furthermore, Nammour et al.15 2009 concluded that laser in direct pulp capping 
increases significantly the percentage of pulp vitality preservation and the thickness 
of the dentinal bridge newly formed. In this study the results obtained in the “Er-Yag 
laser” groups were better than those of the conventional technique (high speed dia-
mond bur) groups: the thickness of the dentine bridge was significantly higher with 
Biodentine®and the Er-Yag laser than that obtained with Biodentine® and conven-
tional technique. In fact, Er- Yag laser ensured the sterilization of the surface and a 
very good adaptation of the restoration. 

Similarly, the thickness of the dentine bridge was significantly higher when using the 
Prime & Bond®NT Dentsply associated with the Er-Yag laser compared to the Prime 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim J%5BAuthor%5D&cauthor=true&cauthor_uid=26877988
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& Bond®NT Dentsply associated with the conventional technique. However in both 
cases, we have noticed the presence of inflammatory cells at 1 month but in less 
quantity when using the laser Er- Yag (Fig4).

Studies concerning the use of adhesive systems in dental pulp capping are contro-
versial. In our study, the results showed that adhesive system showed a thin newly 
formed dentinal bridge.

In fact, da Silva et al.16 in 2009, has evaluated the pulp response following direct pulp 
capping by the “all-in-one self-etching adhesive system” in dogs’ teeth. Their results 
showed that this biomaterial did not stimulate the formation of the dentinal bridge 
in 100% of the cases. However, Lu et al.17 have shown that the adhesive system is 
biocompatible with the pulp tissue, but its ability to induce the formation of dentinal 
bridge was significantly lower than with calcium hydroxide. It has been reported 
that the hybrid layer formed with the latest-generation adhesive systems is able to 
prevent the penetration of bacteria and their byproducts, fluids, and chemical sub-
stances, which would justify their use as pulp-capping agents therefore the damage 
to the pulp tissue after adhesive restorations is due to bacterial leakage and not to an 
adverse effect induced by the chemical composition of the resin materials18. 

Conclusion
Pulp capping represents the boundary between conservative and endodontic therapy. 
Recent research in this vision will encourage practitioners to consider pulp capping 
as the first therapeutic approach to pulpal recovery. 

Based on this study’s results, the following conclusions can be made:

•	 The 3 biomaterials were able to stimulate hard tissue formation at different diam-
eters after a direct pulp capping in noncarious permanent rabbit teeth. 

•	 The laser Er-Yag stimulated the dentinal bridge formation.

•	 Dental pulp stem cells (DPSCs) and Stem cells from Human Exfoliated Decid-
uous Teeth (SHED) have been identified as a novel tool that have the capacity 
of self-renewel and multi lineage differentiation. This new direct pulp-capping 
technique promises as a potential alternative to conventional materials for di-
rect pulp capping.

The long-term effect of direct pulp capping and pulpotomy is closely related to the 
type of pulp capping materials19. Recent advances in bioactive materials and those 
derived from MTA have shown promising results that could improve biomaterials 
used in vital pulp treatments20 it would allow investigating the modulatory effects 
of newly released pulp capping materials on the balance between tissue inflam-
mation and regeneration21. The tailored amorphous multi-porous (TAMP) material 
fabrication technology has led to a new class of bioactive materials possessing 
versatile characteristics. mini-swine dental pulp stem cells (DPSCs) in vitro and 
with pulp in vivo, it may help regenerate the dentin bridge after pulp exposure22. Pure 
calcium-hydroxide powder/saline and the commercial resin-free hydraulic calci-
um-silicate cement Pro-Root MTA (Dentsply-Sirona) are the best options to provide 
a complete reparative bridge upon vital pulp therapy23.
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Clinical significance: In deep cavities, the treatment of choice will be the pulp capping 
in vital pulp to promote the cicatrisation and the dentinal bridge formation. In fact, 
Alex has described how to manage a mechanical vital pulp exposure that occurred 
during deep caries excavation24. There is a need to improve knowledge and attitude 
of dental professionals about the Vital Pulp therapy25. The pulp capping treatment 
should be done when the clinical symtoms are absent because there is a correlation  
between the clinical symptoms/signs and pulp sensibility testing and the histological 
findings of the pulp26.
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