
Introduction
Dental pulp is a unique soft tissue containing blood ves-
sels, nerve fibers, collagen fibers, fibroblasts, odonto-
blasts, and immune cells. Like other connective tissues, 
dental pulp has the capacity of healing against external 
stimuli.1 Direct pulp capping (DPC) is one of the vital 
pulp therapy modalities, attempting to maintain the in-
tegrity of pulpal tissue. In this technique, a biocompatible 
material is placed on the pulp exposed by caries or trauma 
in order to protect the pulpal tissue from bacterial mi-
croleakage.2 This can promote dentinal bridge formation 
and lead to maintenance of pulp vitality. It is believed that 
an important marker of pulpal wound repair is dentinal 
bridge formation.1 The presence of reparative dentin is a 
barrier against the penetration of external stimuli, there-

fore, the amount  and homogeneity, and the presence or 
absence of dentinal tubules within reparative dentin are 
important factors in the success of DPC treatment.
Historically, DPC was introduced by Philip Pfaff in 1765 
by using a gold foil.3 From that time, various materials 
have been used for DPC including glass ionomers, ad-
hesive resins, zinc oxide eugenol (ZOE) and calcium 
hydroxide [Ca(OH)2]. The use of these materials is as-
sociated with some disadvantages, such as microleakage, 
and some physical or chemical problems that may lead 
to pulp injuries before complete dentinal bridge forma-
tion , hence these materials are not commonly used today 
for DPC.4 In 1995, the mineral trioxide aggregate (MTA) 
was introduced by Torabinejad as a retrofill material in 
endodontic treatments. The excellent properties of MTA 
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including high biocompatibility, good marginal seal, al-
kaline pH, slow release of Ca2+, and stimulation of cyto-
kine release made this material as a suitable substance for 
DPC. It has been demonstrated that the use of MTA can 
lead to an increased rate of cell proliferation and the in-
duction of homogenous calcified bridge underneath the 
exposed pulp tissue.1 
Low level laser therapy (LLLT) has been extensively used 
in medicine and dentistry due to its anti-inflammatory, 
analgesic and biostimulative effects and its great benefits 
in accelerating the wound healing process.5-10 These excel-
lent properties suggest that LLLT could play a great role 
in the success of DPC treatment by promoting hard tis-
sue formation and accelerating the inflammatory process 
in damaged pulp tissues. Although some recent studies 
investigated the clinical, radiographic and histopatholog-
ic outcomes of LLLT in pulpotomy of primary teeth,11-13 
but there are few studies regarding the effect of LLLT on 
DPC,14 and there has not been any comparison done be-
tween the effectiveness of low power red and infrared la-
sers in DPC. Furthermore, the quality of reparative dentin 
formed following laser treatment of exposed pulpal tissue 
has not been evaluated in previous investigations. There-
fore, this study was conducted to determine the histologic 
effect of irradiation from low power red and infrared la-
sers with or without using MTA on exposed pulp tissues 
of dogs.

Methods
The study consisted of 25 maxillary and mandibular pre-
molar teeth in three healthy mature dogs (Iranian mix, 
15-30 kg weight) with mean age of 2 years 2 months old. 
The study protocol was approved by the ethics commit-
tee of Mashhad University of Medical Sciences (the ap-
proval code: 89309). Before performing the experiment, 
the periodontal condition of premolar teeth was assessed 
with a periodontal probe and the health of the pulp and 
periapical tissues was evaluated by periapical radiographs. 
The teeth that had caries and periodontal or periapical 
problems were excluded from the sample.
Acepromazine, diazepam, and ketamine were used for 
general anesthesia. The teeth were locally anesthetized 
by injection of 2% lidocaine combined with 1:100000 
epinephrine (Darou Pakhsh, Iran) and then were isolated 
with a rubber dam (Supa, Iran) (Figure 1). A 0.2% ch-
lorhexidine mouthrinse (Hexodine, World Health Labo-
ratories Co., Tehran, Iran) was used for the disinfection 
of teeth and rubber dam. The pulpal tissue of each tooth 
was exposed by a round bur (Dia Dent Co., Seoul, Korea,) 
with a terminal diameter of 1.5 mm. The dentinal chips 
were removed by normal saline irrigation. Pulp bleeding 
was controlled by a slight pressure from some cotton piec-
es wetted by hypochlorite sodium (Razi Serum, Iran). The 
teeth in the study groups underwent DPC by one of the 
following methods:
Group 1: The teeth were capped by MTA (Proroot, 
Dentsply, Tusla, USA).
Group 2: The exposed pulp areas in this group were irra-

diated by a low level red laser (LLRL) (Mustang 2000+, 
Moscow, Russia), emitting a wavelength of 630 nm. The 
laser was operated in continuous wave mode at a power 
of 20 mW and was held manually at an approximate dis-
tance of 2 mm from the exposure site. The beam was de-
livered through a nozzle, which was held manually at an 
approximate distance of 2 mm from the target area. The 
duration of irradiation was 150 seconds and the spot size 
was approximately 0.2 cm2. Considering the 50% energy 
loss through the nozzle, the effective energy delivered to 
the tissue was estimated to be 1.5 J and the energy density 
was calculated to be 7.5 J/cm2. Following laser therapy, the 
teeth were capped by MTA.
Group 3: The teeth in this group were irradiated with a 
low level infrared laser (LLIL; wavelength 810 nm; Mus-
tang 2000+, Moscow, Russia). The laser was applied with 
a peak power of 80 W, average power of 50 mW and fre-
quency of 1500 Hz, pulse length of 1 μs, and spot size of 
0.2 cm2 for 50 seconds per tooth. The beam was delivered 
through a nozzle which was held manually at an approxi-
mate distance of 2 mm from the target area. Considering 
the 50% energy loss through the nozzle, the effective en-
ergy delivered to the tissue was estimated to be 1.25 J and 
the energy density was calculated to be 6.25 J/cm2. The 
teeth were then capped by MTA.
Group 4: The low power red laser was irradiated to the 
exposed pulp tissue similar to that described in group 2. 
However, instead of MTA, a gold foil was used for capping 
the exposure site.
Group 5: A low power infrared laser was employed to ir-
radiate the exposed pulp tissue similar to that described 
in group 3, but a gold foil was used, instead of MTA, for 
capping the exposure area.
In all groups, the cavities were filled with glass ionomer 
cement (GC Industrial Co., Tokyo, Japan). After 8 weeks, 
the dogs were sacrificed and a vital perfusion was accom-
plished. The teeth and surrounding tissues were block 
sectioned and immersed in 10% formalin. Then the tis-
sues were decalcified with 17% EDTA over a period of 6 
months and embedded in paraffin. After serial sectioning 
of the samples in 4-6 µm thickness, the specimens were 
stained with hematoxylin and eosin (H & E). The speci-
mens were then coded and evaluated by a blind investiga-

Figure 1. The teeth were isolated with a rubber dam.
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tor under an optical microscope at40 × and 100× magni-
fications. The histopathological assessment performed in 
this study consisted of 3 parts and each part was classified 
as described below.15

Part 1. Inflammatory Reaction, Including Type, Intensity 
and Extension
(a) Type
Grade 1: acute and chronic inflammation; Grade 2: chron-
ic inflammation; Grade 3: without inflammation.
(b) Intensity 
Grade 1: severe inflammation (more than 60 inflamma-
tory cells) or abscess formation; Grade 2: mild (0-30 in-
flammatory cells) to moderate (30-60 inflammatory cells) 
inflammation; Grade 3: without inflammation.

(c) Extension
Grade 1: entire coronal pulp; Grade 2: under the exposure 
area; Grade 3: without inflammation.

Part 2. Hard Tissue Formation Including Continuity, 
Morphology, and Thickness
(a) Continuity
Grade 1: absence of hard tissue formation; Grade 2: mod-
erate contact of capping material with the dental pulp; 
Grade 3: complete bridge formation.
(b) Morphology
Grade 1: without dentinal tubules; Grade 2: irregular tu-
bular dentin; Grade 3: regular tubular dentin.
(c) Thickness
Grade 1: less than 100 µm; Grade 2: 100-250 µm; Grade 3: 
more than 250 µm.

Part 3. Histopathological Changes in Soft Tissue 
Including Necrosis, Odontoblastic Layer Formation and 
Calcification
(a) Necrosis
Grade 1: complete necrosis; Grade 2: partial necrosis; 
Grade 3: without necrosis. 
(b) Odontoblastic Layer Formation
Grade 1: absence of odontoblastic layer; Grade 2: pres-
ence of odontoblastic layer; Grade 3: parallel pattern of 
cells (palisade form).
(c) Calcification
Grade 1: diffuse calcification; Grade 2: pulp stone; Grade 
3: without calcification.

Results
The outcome of histological assessment is explained sep-
arately regarding the inflammatory reaction, hard tissue 
formation, and histopathological changes in soft tissue in 
the following: 

Inflammatory Reaction
No inflammatory reaction was observed in group 3 (LLI-
L+MTA), but chronic inflammation (grade 2) with mild 
to moderate intensity (grade 2) was observed in 20% of 
the specimens in groups 1 and 2, 60% of the specimens in 
group 4 and 40% of the specimens in group 5 under the 

exposure site (Figure 2). Furthermore, acute and chronic 
inflammation (grade 1) with mild to moderate intensity 
(grade 2) was observed in 20% of the specimens in group 
5 under the exposed tissue. The remaining specimens in 
the study groups had no sign of inflammation (Table 1).

Hard Tissue Formation
A dentinal bridge was formed in 100% of the specimens 
in groups 1 to 3 and 80% of the specimens in groups 4 
and 5 (Figure 3). In groups 1 to 3, the continuity of the 
dentinal bridge was mainly classified as grade 3 (complete 
bridge formation), whereas in groups 4 and 5, moderate 
contact of capping material with the dental pulp (grade 2) 
was more frequent. In groups 1 to 3, the dentinal bridge 
thickness was mainly in the range of 100-250 µm (grade 
2) or more than 250 µm (grade 3) , whereas groups 4 and 5 
frequently showed dentinal bridge with less than 250 µm 
thickness (grades 1 and 2) . Regarding dentin morphol-
ogy, most of the specimens in the study groups exhibit-
ed irregular tubular structure (grade 2). Only 20% of the 
specimens in groups 1, 3, 4, and 5 showed regular tubular 
dentin (grade 3) and 20% of the specimens in groups 4 
and 5 indicated atubular structures (grade 1) (Table 2).

Histopathologic Changes in Soft Tissue
None of the specimens in groups 1 to 3 showed pulp ne-
crosis, whereas partial pulp necrosis was observed in 20% 
of the specimen in groups 4 and 5 (Figure 4). An odonto-
blastic layer was formed adjacent to the dentinal bridge in 
100% of the specimens in groups 1 to 3. Twenty percent 
of the specimens in groups 4 and 5 presented no sign of 
odontoblastic layer formation. Regarding calcification, 
none of the specimens in the study groups showed diffuse 
calcification. There was no pulp stone in groups 1 and 2, 
but 20% of the specimens in groups 3 and 4 exhibited pulp 
stone (Figure 5; Table 3).

Discussion
The main purpose in vital pulp therapy is to activate the 
odontoblast-like cells to generate dentinal bridges and 
thus protect the underling soft tissue.1 The DPC technique 

Figure 2. A Sample Treated With MTA+ LLRL (Group 2). Chronic 
inflammatory cells without any center of necrosis were seen. 
Abbreviations: MTA, mineral trioxide aggregate; LLRL, low level 
red laser; D, dentin; DB, dentinal bridge; C, chronic inflammation.



Bidar et al

 Journal of Lasers in Medical Sciences  Volume 7, Number 3, Summer 2016180

is an effort to maintain the vitality of dental pulp follow-
ing exposure. In this method, the volume of the remain-
ing dental pulp is greater than that of the other vital pulp 
therapy modalities. This greater amount of dental pulp 
tissue could be helpful in dentinal bridge formation.16 
The dental pulp response to DPC technique has been in-
vestigated in previous studies using various pulp-capping 
materials.17 This study investigated the healing effect of 
low power laser therapy with or without MTA on exposed 
pulp tissue. This animal study was designed on histologic 
results, rather than on long- term clinical findings. The 
follow-up period was 8 weeks similar to most of the previ-
ous investigations,2,18,19 although some authors evaluated 
the pulpal effects of capping materials up to 150 days.15

Fibroblasts are the most frequent cells in the pulp and 
have a key role in the wound healing process.1 Previous 
studies demonstrated that low power laser therapy could 
increase the production of fibroblast growth factor (FGF) 

Table 1. The Frequency (%) of Inflammatory Reactions, Including Type, Intensity and Extension, in the Study Groups

Inflammation Grade
Group 1 Group 2 Group 3 Group 4 Group 5
No. (%) No. (%) No. (%) No. (%) No. (%) 

Type
I 0 (0) 0 (0) 0 (0) 0 (0) 1 (20)
II 1 (20) 1 (20) 0 (0) 3 (60) 2 (40)
III 4 (80) 4 (80) 5 (100) 2 (40) 2 (40)

Intensity
I 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
II 1 (20) 1 (20) 0 (0) 3 (60) 3 (60)
III 4 (80) 4 (80) 5 (100) 2 (40) 2 (40)

Extension
I 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
II 1 (20) 1 (6.2) 0 (0) 3 (60) 3 (60)
III 4 (80) 4 (93.8) 5 (100) 2 (40) 2 (40)

Figure 3. A Sample Treated With MTA (Group 1). A continuous 
dentinal bridge with regular tubules was formed at the pulp-
MTA interface (×40 at the left side and ×100 at the right side). 
Odontoblast-like cells and healthy pulp were seen. Abbreviation: 
MTA, mineral trioxide aggregate.

Figure 4. A Sample Treated With Gold Foil + LLRL (Group 4). 
Zone of necrosis was observed under the material. Also the 
dentinal bridge was not formed. Abbreviations: LLRL, low level 
red laser; D, dentin, GF, gold foil; N necrosis.

Table 2. The Frequency (%) of Hard Tissue Formation Including Continuity, Morphology and Thickness in the Study Groups

Dentinal Bridge Grade
Group 1 Group 2 Group 3 Group 4 Group 5
No. (%) No. (%) No. (%) No. (%) No. (%) 

Continuity
I 0 (0) 0 (0) 0 (0) 1 (20) 1 (20)
II 1 (20) 0 (0) 1 (20) 4 (80) 3 (60)
III 4 (80) 5 (100) 4 (80) 0 (0) 1 (20)

Morphology
I 0 (0) 0 (0) 0 (0) 1 (20) 1 (20)
II 4 (80) 5 (100) 4 (80) 3 (60) 3 (60)
III 1 (20) 0 (0) 1 (20) 1 (20) 1 (20)

Thickness 
I 1 (20) 0 (0) 0 (0) 2 (40) 2 (40)
II 2 (40) 2 (40) 2 (40) 2 (40) 2 (40)
III 2 (40) 3 (60) 3 (60) 1 (20) 1 (20)

and reduce the formation of inflammatory mediators, 
and thus result in the promotion of remodeling and ac-
celeration of wound healing process.20-23 However, under 
the conditions used in this study, LLLT had no additional 
benefit over MTA for improving the healing process in 
teeth underwent DPC treatment. This may be related to 
the excellent properties of MTA as a pulp capping mate-
rial including perfect seal, high biocompatibility, stimula-
tion of dentinal bridge formation, and stability in liquids. 
Furthermore, MTA indicates decontaminative, biostimu-
lative, and hemostatic effects1 and these properties, alto-
gether, could lead to a successful DPC treatment.
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In the present study, the occurrence of pulp inflamma-
tion was greater in groups 4 and 5 where laser therapy 
was used in association with gold foil instead of MTA. 
Sixty percent of the specimens in groups 4 and 5 showed 
inflammation, generally observed under the exposure 
site and not over the entire coronal pulp. There was no 
inflammation when LLIL was used in combination with 
MTA (group 3), whereas 20% of the specimens in LLRL 
+ MTA (group 2) and MTA alone (group 1) groups expe-
rienced the occurrence of inflammation. The continuity 
and morphology of the dentinal bridge could be consid-
ered as a sign of successful pulp healing.1 Dentinal bridge 
formation was observed in 100% of the specimens in 
groups 1 to 3 and 80% of the specimens in groups 4 and 5. 
However, in groups 1 to 3, complete bridge formation was 
observed in most of the specimens, whereas in groups 4 
and 5, moderate contact of the capping material with the 
dental pulp was more frequent. The thickness of the den-
tinal bridge was also greater in MTA-treated (1 to 3) than 
gold foil-treated (4 and 5) groups. Twenty percent of the 
specimens in groups 4 and 5 showed atubular structure, 
whereas atubular dentin was not observed in any of the 
specimens in groups 1 to 3. Regarding histopathological 
changes in soft tissues, no pulpal necrosis was observed 
in MTA-capped groups (1 to 3), whereas 20% of the spec-
imens in gold foil-capped groups (4 and 5) demonstrated 
partial necrosis. The formation of odontoblastic layer oc-

curred in all of the specimens in MTA-treated groups, and 
80% of the specimens in groups 4 and 5. Altogether, the 
findings of this study indicate that laser therapy could not 
be considered as an effective modality for treatment of ex-
posed pulp tissue. The most influencing factor in pulpal 
response was the use of MTA against gold foil, and addi-
tional laser therapy did not enhance the healing process in 
teeth that underwent DPC treatment.
The reason why gold foil was used in groups 4 and 5 of 
this study was to determine the net effect of laser therapy 
on stimulating dentinal bridge formation and reducing 
inflammation in exposed pulp tissue, as the gold foil is 
an inert material. The specimens in groups 4 and 5, how-
ever, showed greater frequency of inflammation, necrosis 
and absence of odontoblastic layer formation compared 
to that observed in groups 1 to 3 where MTA was used in-
stead of gold foil. It should be noted that gold foil does not 
have hemostatic and decontaminative properties of MTA, 
and provides less seal and marginal adaptation compared 
to MTA. Therefore, the poor results observed in groups 4 
and 5 of this study could be attributed to improper mar-
ginal seal of gold foil that possibly neutralizes or decreases 
any healing effect of laser therapy on exposed pulp tissue. 
The results of this study indicated that low level laser irra-
diation on exposure site could not compensate the limita-
tion of gold foil as a pulp capping material.
Most of the previous studies on the use of laser therapy 

Figure 5. A Sample Treated With MTA+ LLIL (Group 3). Calcified basophilic nodules were seen in the pulp. (a) A sample treated with 
MTA+ LLRL (group 2). The calcified mass was seen in the pulp (×100). (b) A sample treated with MTA+ LLIL (group 3). Calcified basophilic 
nodules and osteodentin tissue with lacuna containing cells were seen in the pulp. (c) A sample treated with MTA (group 1). Calcification 
along the collagen fibers was seen. (d) A sample treated with MTA (group 1). Calcification along the collagen fibers was seen. Abbreviations: 
MTA, mineral trioxide aggregate; LLRL, low level red laser; LLIL, low level infrared laser.

Table 3. The Frequency (%) of Histopathological Changes in Soft Tissue Including Necrosis, Odontoblastic Layer Formation and Calcification 
in the Study Groups

Soft Tissue Changes Grade
Group 1 Group 2 Group 3 Group 4 Group 5
No. (%) No. (%) No. (%) No. (%) No. (%) 

Necrosis
I 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
II 0 (0) 0 (0) 0 (0) 1 (20) 1 (20)
III 5 (100) 5 (100) 5 (100) 4 (80) 4 (80)

Odontoblastic layer 
formation

I 0 (0) 0 (0) 0 (0) 1 (20) 1 (20)
II 3 (60) 2 (40) 3 (60) 3 (60) 4 (80)
III 2 (40) 3 (60) 2 (40) 1 (20) 0 (0)

Calcification
I 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
II 0 (0) 0 (0) 1 (20) 1 (20) 0 (0)
III 5 (100) 5 (100) 4 (80) 4 (80) 5 (100)
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in DPC employed high power lasers such as CO2 and di-
ode,24-29 which have different mechanisms of action from 
low power lasers and so the results of those studies could 
not be compared with the present investigation. Regard-
ing the effect of LLLT on DPC, Utsunomiya14 reported 
that the use of a gallium-aluminum-arsenide diode laser 
(300 mW) on exposed surface of the pulp resulted in ear-
lier expression of lectins and collagens in laser irradiation 
group than in the control group, and thus they concluded 
that laser therapy lead to the acceleration of wound heal-
ing process in the pulp. In contrast, Ferriello et al20 evalu-
ated the effect of a low level diode laser (wavelength 680 
nm; fluence 4 J/cm2, 60 s) and different pulp-capping sub-
stances on proliferation of L-929 fibroblasts. They report-
ed that LLLT did not improve the performance of dental 
pulp-capping materials and showed no effect on prolif-
eration of L929 cells. Instead of DPC, some studies eval-
uated the effect of LLLT on pulpotomy of primary teeth. 
Golpayegani et al30 compared the effectiveness of LLLT 
with a semiconductor diode laser (wavelength 632 nm, 
151 s, 4.0 J/cm2) with that of conventional formocresol 
in healing of the remaining pulp following pulpotomy of 
primary teeth. The clinical and radiographic success rate 
with LLLT (100% and 89%, respectively) was comparable 
to that of formocresol technique (100% and 100%, respec-
tively), suggesting that LLLT can be used successfully as 
a complementary step to pulpotomy procedure. Marques 
et al13 evaluated the effect of LLLT (wavelength 660 nm, 
10 mW, 2.5 J/cm2, 10 s) on pulpal response of primary 
teeth after pulpotomy. They found that the lowest degree 
of pulpal inflammation was present in LLLT + Ca(OH)2 
group and thus recommended laser therapy prior to the 
use of Ca(OH)2 in order to provide satisfactory results re-
garding pulp tissue healing. On the other hand, De Coster 
et al11 in a systematic review concluded that the results of 
the LLLT plus either Ca(OH)2 or ZOE application must 
be cautiously interpreted. The benefits achieved by these 
interactions are still unclear due to the lack of supportive 
studies. Pulpal reactions depend on the status of the tissue, 
the systemic condition of the patient, and some character-
istics of capping materials, such as mechanism of action, 
pH, antibacterial activity, and toxicity level. Improper res-
torations, lack of sealing which enables bacterial leakage 
and pulp inflammation, and even the irritating effect of 
the pulp capping materials can influence the results.
The energy density employed in this study was 7.5 J/cm2 
when using 630 nm wavelength and 6.25 J/cm2 when us-
ing 810 nm laser. These energy densities were within the 
therapeutic window (between 0.01 and 10 J/cm2) where 
biostimulatory effects of low power lasers are presented, 
whereas the inhibitory effects on physiologic activity can 
occur at higher dosages (greater than 12 J/cm2).31,32 The 
results of a meta-analysis study indicate that the use of 
632 nm wavelength and energy density in the range of 
0.5 to 4.0 J/cm2 provided the most effective outcomes in 
cellular proliferation and thus caused a significant im-
provement in tissue repair.33 Generally, contact mode is 
recommended for almost all laser applications with one 

exception: treating an open wound requires a 2 to 4 mm 
distance between the laser and the target tissue, providing 
a condition called non-contact mode.31 In this study, the 
non-contact mode was employed for laser irradiation on 
pulp wounds.
The limitation of this study was the single application of 
LLLT on teeth under DPC treatment. However, the ex-
posed teeth should be restored immediately after pulp 
capping and it was difficult, if not impossible, to contin-
ue LLLT on restored teeth of dogs on the following days. 
Matic et al34 and Ezzati et al35 reported that intermittent 
laser irradiation had excellent effects on healing of skin 
ulcers in humans. In another study, Neiburger36 showed 
acceleration in healing of gingival ulcers following inter-
mittent laser irradiation. Further studies are warranted to 
investigate the effect of intermittent application of LLLT 
following DPC using a larger sample size and long-term 
follow ups in the clinical situation.

Conclusion
Under the conditions used in this study, the type of pulp 
capping material was a more important factor than low 
power laser therapy in the success of DPC treatment. The 
use of MTA either alone or in combination with low pow-
er red and infra red lasers provided successful results in 
teeth that underwent DPC treatment. 
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