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Abstract A variety of materials are available to treat exposed
dental pulp by direct pulp capping. The healing response of the
pulp is crucial to form a dentin bridge and seal off the exposed
pulp. Studies have used lasers to stimulate the exposed pulp to
form tertiary dentin. The aim of the present systematic review
and meta-analysis was to evaluate the evidence on the effects of
laser irradiation as an adjunctive therapy to stimulate healing
after pulp exposure. A systematic literature search was conduct-
ed up to April 2016. A structured search using the keywords
BDirect pulp capping,^ BLasers,^ BCalcium hydroxide pulp cap-
ping,^ and BResin pulp capping^ was performed. Initially, 34
potentially relevant articles were identified. After removal of
duplicates and screening by title, abstract, and full text when
necessary, nine studies were included. Studies were assessed

for bias and data were synthetized using a random-effects me-
ta-analysis model. Six studies were clinical, and three were pre-
clinical animal trials; the follow-up period ranged from 2 weeks
to 54 months. More than two thirds of the included studies
showed that laser therapy used as an adjunct for direct pulp
capping was more effective in maintaining pulp vitality than
conventional therapy alone. Meta-analysis showed that the suc-
cess rate in the laser treatment group was significantly higher
than the control group (log odds ratio = 1.737; 95 % confidence
interval, 1.304–2.171). Lasers treatment of exposed pulps can
improve the outcome of direct pulp capping procedures; a num-
ber of confounding factors may have influenced the outcomes of
the included studies.

Keywords Calcium hydroxide . Direct pulp capping .

Lasers . Resin pulp capping

Introduction

Pulpal exposure is often encountered during routine restorative
procedures such as caries excavation and cavity and crown
preparations [1–3]. Depending on the size and the extent of
hemorrhage, the exposure can be treated using pulp capping
techniques, pulpotomy or pulpectomy [4, 5]. Of these methods,
pulp capping has been shown to have a predictable outcome in
the management of pulpal exposures [6, 7]. Pulp capping is an
attempt to maintain the vitality of the exposed pulp by inducing
a healing response. This response is mediated by the stimula-
tion of the pulp tissue to form a reparative dentin bridge which
seals the pulp from bacterial contamination [8]. A variety of
materials have been used in an attempt to stimulate odonto-
blasts in the exposed pulp to secrete reparative dentine [9].
Calcium hydroxide (Ca[OH]2), resins, glass ionomer cement
(GIC), mineral trioxide aggregate (MTA), formocresol, and

* Fawad Javed
fawad_javed@urmc.rochester.edu

1 Department of General Dentistry, Eastman Institute for Oral Health,
University of Rochester, Rochester, NY, USA

2 Department of Prosthetic Dental Science, College of Dentistry, King
Saud University, Riyadh, Saudi Arabia

3 Department of Mechanical Engineering, Pennsylvania State
University, Capital College, PA, USA

4 Department of Biostatistics and Computational Biology, School of
Medicine and Dentistry, University of Rochester Medical Center,
Rochester, NY, USA

5 Dental Department, King Khaled University Hospital, King Saud
University, Riyadh, Saudi Arabia

6 Department of Oral Surgery and Implant Dentistry, Dental School,
Johann Wolfgang Goethe, University of Frankfurt,
Frankfurt, Germany

7 Department of Periodontology, School of Dental Medicine, Stony
Brook University, Stony Brook, NY, USA

Lasers Med Sci
DOI 10.1007/s10103-016-2077-6

Author's personal copy

http://orcid.org/0000-0002-9253-1989
http://crossmark.crossref.org/dialog/?doi=10.1007/s10103-016-2077-6&domain=pdf


antibiotics have been applied on exposed pulps with variable
success [10–12]. However, some studies [13, 14] have also
focused on the effects of dental lasers on pulp healing after pulp
exposure.

Laser treatment has been shown to amplify the oral wound
healing process by stimulation of neural cell regeneration fol-
lowing injury, pain attenuation, endorphin release, and modula-
tion of the immune system [15, 16]. This is attributed to the
photo-excitation of singlet oxygen in the tissues caused by laser
irradiation, which stimulates DNA and RNA formation [17].
Furthermore, laser irradiation is known to stimulate mineraliza-
tion in dental pulp cells [18–20]. It has been demonstrated that
laser therapy can induce odontoblast to lay down tertiary dentin
and form a dentin bridge to wall off an exposed pulp [21].
Studies [14, 22–24] have assessed the efficacy of lasers as an
adjunctive treatment in the management of pulp exposures.
Cengiz et al. [24] reported a significantly higher success rate in
teeth treatedwith lasers and conventional pulp cappingmaterials
than teeth treated with conventional pulp cappingmaterials only.
Similarly, exposed pulps of teeth treated with Ca(OH)2 and laser
therapy were shown to have a significantly higher success rate
than exposed pulps of teeth treatedwith Ca(OH)2 in the study by
Santucci et al. [25]. However, Suzuki and co-workers [23] re-
ported no difference in the wound healing between the pulps of
teeth treated with laser and adhesive resin when compared to
treatment with adhesive resin only and Ca(OH)2 only. Similarly,
Hasheminia et al. [26] studied the effects of laser irradiation of
the exposed pulp with MTA or Ca(OH)2 application and report-
ed no difference in the healing response when compared to
Ca(OH)2 application alone.

There appears to be some debate on the efficacy of laser
therapy used as an adjunct to pulp capping procedures.
Therefore, the aim of this review was to systematically eval-
uate the evidence on the effects of laser irradiation as an ad-
junctive therapy to stimulate healing after pulp exposure.

Materials and methods

Focused question

The guidelines from Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) [27] were used to con-
struct the focused question. The question addressed according
to the Participants, Interventions, Control, Outcomes (PICO)
principle was—BWhat is the efficacy of lasers compared to
conventional therapy for direct pulp capping procedures?^

(P) Participants: Subjects must have exposed pulps treat-
ed with direct pulp capping procedures
(I) Types of interventions: The intervention of interest
was the use of lasers for the direct pulp capping

(C) Control intervention: Subjects with exposed pulps
treated with direct pulp capping procedures without lasers
(O) Outcome measures: Pulp vitality and healing re-
sponse to laser therapy for direct pulp capping at the
end of the follow-up period.

Selection criteria

The eligibility criteria were as follows: (a) Controlled clinical
studies; (b) retrospective chart reviews; (c) experimental studies,
comparing the effects of lasers used for direct pulp capping
against conventional pulp capping. Review papers, in vitro stud-
ies, conference abstracts, letters to the editor, case reports, com-
mentaries, interviews, and updates were excluded.

Search strategy

Electronic database searches were performed using different
combinations ofMedical Subject Headings (MeSH) terms and
free text words: (1) direct pulp capping; (2) lasers; (3) calcium
hydroxide pulp capping; (4) resin pulp capping; (5) clinical
trials; (6) randomized controlled trials; (7) retrospective stud-
ies. Electronic database of MEDLINE/PubMed, EMBASE,
Scopus, ISI Web of knowledge, and Google-Scholar were
searched for articles addressing the focused question. There
were no time restrictions. Titles and abstracts of retrieved ar-
ticles were screened for eligibility by two authors (VR and
SVK). Full texts of articles obtained from the previous step
were evaluated for inclusion. The reference lists of relevant
articles were hand searched for additional studies. Data was
extracted from studies that answered our inclusion criteria.
The data was tabulated as follows (1) study design; (2) partic-
ipants; (3) intervention; (4) controls; (5) follow-up periods;
and (6) outcomes measures.

Study selection

The search protocol is presented in Fig. 1. A total of 34 studies
were initially identified. Eleven papers were selected after
screening of the titles and abstracts for full-text evaluation.
Two studies which did not fit the eligibility criteria were ex-
cluded at this step and nine studies were included in this sys-
tematic review. For the quantitative analysis, animal studies
were excluded. Appendix A contains the excluded studies
with reason for exclusion in parenthesis.

Quality assessment of included studies

The Critical Appraisal Skills Program (CASP) Cohort Study
Checklist [28] was used to conduct a quality assessment of the
included studies. The CASP tool is based on 12 specific
criteria, which are as follows: (1) study issue is clearly
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focused; (2) cohort is recruited in an acceptable way; (3) ex-
posure (laser irradiation of exposed pulp) is accurately mea-
sured; (4) outcome (pulp vitality and healing response) is ac-
curately measured; (5) confounding factors are addressed; (6)
follow-up is long and complete; (7) results are clear; (8) results
are precise; (9) results are credible; (10) results can be applied
to the local population; (11) results fit with available evidence;
and (12) there are important clinical implications. A response
of either Yes, No, or cannot tell was given to each criterion. A
study could have a maximum score of 12.

Statistical analysis

Data from the clinical studies was extracted for the quantita-
tive analysis. In the meta-analysis, Mantel-Haenszel method
was used to estimate an overall odds ratio of success of pulp
capping with versus without laser irradiation, from different
studies. The forest plot was used to show the 95 % confidence
interval of the log odds ratio in each individual study and that
of the combined log odds ratio.

Results

Clinical studies

General characteristics

Out of the six clinical studies [13, 14, 22, 24, 25, 29] included,
five were randomized controlled trials [13, 14, 22, 24, 29] and
one study had a cohort design [25]. The numbers of partici-
pants ranged from 10 to 260 subjects with mean ages ranging

between 14.5 and 34.8 years. In the clinical studies [13, 14,
22, 24, 25, 29], one study reported the gender of the partici-
pants [24]. The follow-up duration ranged between 4 and
54months. Five studies [13, 14, 22, 29] compared the efficacy
of Ca(OH)2 with adjunct laser therapy verses Ca(OH)2 alone
for direct pulp capping. Santucci et al. [25] evaluated the out-
comes of lasers and restorative adhesive resin versus Ca(OH)2
for direct pulp capping procedures. In the study by Cengiz
et al. [24], the two test groups which underwent adhesive
treatment efficacy of adhesive Ca(OH)2 treatments with and
without adjunct laser therapy were compared. Both anterior
and posterior teeth were treated in three studies [14, 22, 29]. In
two studies [13, 25], types of teeth treated were not reported.
Three studies [13, 14, 24] reported to size of pulp exposure,
which ranged between 0.1 and 1.5 mm (Table 1).

Laser parameters

Two studies [13, 14] used the carbon dioxide (CO2) lasers, in
two studies [24, 29]. Erbium, chromium-doped yttrium, scan-
dium, gallium, and garnet (Er,Cr:YSGG) laser was used. In
the study by Olivi et al. [29], Er,Cr:YSGG and Er:YAG lasers
were assessed. In two studies [22, 25], low level diode lasers
were used. In the studies by Olivi et al. [29], Cengiz et al. [24],
and Yazdanfar et al. [22], laser therapy was performed in
defocused, hard tissue, and continuous wave modes, respec-
tively. In three studies [13, 14, 25], the mode of laser delivery
was not reported. Two studies reported the diameter of the
optic fiber, which was 320 μm [25] and 400 μm [22].
Wavelength of the laser used was reported in four studies
[13, 14, 22, 29], which ranged between 808 and 10,600 nm.
Power of the laser used ranged between 0.5 and 5 W [13, 14,

Fig. 1 Article selection flow
chart for the systematic review
according to PRISMA guidelines
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22, 24, 25, 29]. Five studies [13, 14, 24, 25, 29] reported the
pulse interval of the lasers used, which ranged between 1 and
140 μs. Olivi et al. [29] and Cengiz et al. [24] reported the
duration of laser application, which was 60 and 10 s,
respectively.

Outcomes

Direct pulp capping with adjunct laser therapy yielded a suc-
cess rate of up to 100 % as compared to when pulp capping
was performed without adjunct laser therapy [13, 14, 22, 24,
25, 29].

Quality assessment of studies

Quality assessment showed that all studies [13, 14, 22, 24, 25,
29] had scores ranging between 8 and 10. Shortcomings of all
studies were as follows: (a) confounders remained unad-
dressed (item 5 in CASP Score protocol) and (b) it remained
unclear if the studies fitted the available evidence or not (item
11 ion CASP score).

Experimental studies

General characteristics

Three experimental studies [23, 26, 30] were included, out of
which two studies [23, 30] were performed in rats and one in
cats [26]. Age of animals was reported in one study [23], in
which the rats were 8 to 9 weeks old. In studies by Suzuki
et al. [23], Hasheminia et al. [26], and Jayawardena et al. [30],
efficacy of resin, MTA, and Ca(OH)2, respectively, in direct
pulp capping with and without adjunct laser therapy was
assessed. Studies on rats were performed on maxillary first
molars, and in the study by Hasheminia et al. [26], pulp cap-
ping was performed on canines. Size of the pulp exposure was
reported by one study [23], which ranged between 0.2 and
0.4 mm. The follow-up duration ranged between 2 weeks
and 4 months [23, 26, 30] (Table 1).

Laser parameters

In studies by Hasheminia et al. [26] and Jayawardena et al.
[30], Er:YAG laser (2940 nm) used a fiber tip with a diameter
of 600 μm. In the study by Hasheminia et al. [26], laser was
delivered as a very long pulse, and in the study by
Jayawardena et al. [30], the laser was delivered in contact
mode. Suzuki et al. [23] used CO2 laser (10,600 nm) at
0.5 W in a super-pulse mode using a thick diameter fiber
(740 μm). Pulse interval and energy fluence were reported
by Suzuki et al. [23] and Hasheminia et al. [26], which were
200 μs and 0.69 J/cm2 and 700 μs and 71 J/cm2. The laser
frequency were reported by Hasheminia et al. [26] and

Jayawardena et al. [30], which were 3 and 10 Hz, respectively.
Duration of laser application was reported by Suzuki et al.
[23] and Hasheminia et al. [26], which was 1.5 and 15 s,
respectively (Table 2).

Outcomes

Two studies [23, 26] reported that outcomes of direct pulp
capping when performed with or without adjunct laser therapy
are comparable. Results by Jayawardena et al. [30] reported
increased reparative dentin formation when direct pulp cap-
ping was performed using Ca(OH)2 with adjunct Er:YAG la-
ser as compared to when Ca(OH)2 was used alone (Table 1).

Quality assessment of studies

Quality assessment showed that all studies [23, 26, 30] had
scores ranging between 8 and 10. Shortcomings of all studies
were as follows: (a) confounders remained unaddressed (item
5 in CASP Score protocol); (b) short-term follow-up (item 6 in
CASP score); and (c) it was difficult to assess the clinical
significance of the experimental results (item 10 in CASP
score) (Table 3).

Meta-analysis

After data extraction, six studies [13, 14, 22, 24, 25, 29] were
included in the meta-analysis of the weighted mean differ-
ences of pulpal healing with and without laser therapy
(Table 4). The remaining three studies [23, 26, 30] were ex-
cluded from the meta-analysis as they were experimental pre-
clinical studies. Figure 2 presents the forest plots and summa-
ry estimates for log odds ratio of success rate of direct pulp
capping procedures with versus without laser irradiation, re-
spectively. The Mantel-Haenszel combined odds ratio shows
that the success rate in the treatment group is significantly
higher than the control group (log odds ratio = 1.737; 95 %
confidence interval, 1.304–2.171) (Table 4).

Discussion

According to Arany et al. [31], low level laser therapy (LLLT)
(approximately 800 nm) activates latent growth factor com-
plex and transforming growth factor beta-1, which differenti-
ate host stem cells thereby promoting tissue regeneration.
Furthermore, experimental results on rat models have demon-
strated a significant increase in dentin regeneration following
LLLT [31]. It has also been reported that the application of
lasers on the exposed pulpal tissue promotes healing by in-
creasing cellular motility and mesenchymal cell proliferation
[32–34]. Authors of the present systematic review and meta-

Lasers Med Sci

Author's personal copy



T
ab

le
2

L
as
er

pa
ra
m
et
er
s

A
ut
ho
rs

Ty
pe

of
la
se
r

M
od
e

D
ia
m
et
er
of

op
tic

fi
be
r
(i
n
μ
m
)

L
as
er
w
av
el
en
gt
h

(i
n
nm

)
Po

w
er
(i
n
W
)

P
ul
se

in
te
rv
al

du
ra
tio

n
(i
n
μ
s)

Fr
eq
ue
nc
y

(i
n
H
z)

E
ne
rg
y
fl
ue
nc
e

(J
/c
m

2
)

D
ur
at
io
n
of

la
se
r

ap
pl
ic
at
io
n
(i
n
s)

C
lin

ic
al
st
ud
ie
s

C
en
gi
z
et
al
.[
24
]

E
r,C

r:
Y
S
G
G

H
ar
d
tis
su
e

–
–

0.
5

14
0

20
–

10

M
or
itz

et
al
.[
13
]

C
O
2
la
se
r

–
–

10
,6
00

1
1

–
–

–

M
or
itz

et
al
.[
14
]

C
O
2
la
se
r

–
–

10
,6
00

1
1

–
–

–

O
liv

ie
ta
l.
[2
9]

E
r,C

r:
Y
SG

G
D
ef
oc
us
ed

–
27
80

3–
5

20
20

–
60

E
r:
Y
A
G

D
ef
oc
us
ed

29
40

1.
5–
2

–
3

–
60

Sa
nt
uc
ci
et
al
.[
25
]

N
d:
Y
A
G

–
32
0

–
1.
75

20
–

–
–

Y
az
da
nf
ar

et
al
.[
22
]

D
io
de

C
on
tin

uo
us

w
av
e

40
0

80
8

1.
5

–
–

–
–

E
xp
er
im

en
ta
ls
tu
di
es

H
as
he
m
in
ia
et
al
.[
26
]

E
r:
Y
A
G

V
er
y
lo
ng

pu
ls
e

60
0

29
40

–
70
0

3
71

15

Ja
ya
w
ar
de
na

et
al
.[
30
]

E
r:
Y
A
G

C
on
ta
ct
m
od
e

60
0

29
40

–
–

10
–

–

Su
zu
ki

et
al
.[
23
]

C
O
2
la
se
r

S
up
er
-p
ul
se

m
od
e

74
0

10
,6
00

0.
5

20
0

–
0.
69
8

1.
5

C
O
2
ca
rb
on

di
ox
id
e,
E
r,
C
r:
YS

G
G
er
bi
um

,c
hr
om

iu
m
:y

ttr
iu
m
-s
ca
nd
iu
m
-g
al
liu

m
-g
ar
ne
t,
E
r:
YA

G
er
bi
um

-d
op
ed

yt
tr
iu
m

al
um

in
um

ga
rn
et
,N

d:
YA

G
ne
od
ym

iu
m
-d
op
ed

yt
tr
iu
m

al
um

in
um

ga
rn
et

T
ab

le
3

Q
ua
lit
y
as
se
ss
m
en
to

f
th
e
in
cl
ud
ed

st
ud
ie
s

A
ut
ho
rs

It
em

1
It
em

2
It
em

3
It
em

4
It
em

5
It
em

6
It
em

7
It
em

8
It
em

9
It
em

10
It
em

11
It
em

12
To

ta
lq

ua
lit
y

sc
or
e
ou
to

f
12

C
lin

ic
al
st
ud
ie
s

C
en
gi
z
et
al
.[
24
]

Y
es

Y
es

Y
es

Y
es

N
o

N
o

Y
es

Y
es

Y
es

Y
es

C
an
no
tt
el
l

Y
es

9

M
or
itz

et
al
.[
13
]

Y
es

Y
es

Y
es

Y
es

N
o

Y
es

Y
es

Y
es

Y
es

Y
es

C
an
no
tt
el
l

Y
es

10

M
or
itz

et
al
.[
14
]

Y
es

Y
es

Y
es

Y
es

N
o

Y
es

Y
es

Y
es

Y
es

Y
es

C
an
no
tt
el
l

Y
es

10

O
liv

ie
ta
l.
[2
9]

Y
es

N
o

Y
es

Y
es

N
o

Y
es

N
o

Y
es

Y
es

Y
es

C
an
no
tt
el
l

Y
es

8

Sa
nt
uc
ci
et
al
.[
25
]

Y
es

N
o

Y
es

Y
es

N
o

Y
es

N
o

Y
es

Y
es

Y
es

C
an
no
tt
el
l

Y
es

8

Y
az
da
nf
ar

et
al
.[
22
]

Y
es

Y
es

Y
es

Y
es

N
o

Y
es

Y
es

Y
es

Y
es

Y
es

C
an
no
tt
el
l

Y
es

10

E
xp
er
im

en
ta
ls
tu
di
es

H
as
he
m
in
ia
et
al
.[
26
]

Y
es

Y
es

Y
es

Y
es

N
o

N
o

Y
es

Y
es

Y
es

N
o

C
an
no
tt
el
l

Y
es

8

Ja
ya
w
ar
de
na

et
al
.[
30
]

Y
es

N
o

Y
es

Y
es

N
o

N
o

Y
es

Y
es

Y
es

N
o

C
an
no
tt
el
l

Y
es

7

Su
zu
ki

et
al
.[
23
]

Y
es

Y
es

Y
es

Y
es

N
o

N
o

Y
es

Y
es

Y
es

N
o

C
an
no
tt
el
l

Y
es

8

Lasers Med Sci

Author's personal copy



analysis applauds these results since nearly 80% of the studies
[13, 14, 22, 24–26, 29] showed that adjunct laser therapy is
more effective in maintaining pulp vitality than conventional
therapy (using Ca[OH]2, MTA or resin, etc.) alone. It is hy-
pothesized that rise in tissue temperature caused by laser ap-
plication stimulates tissue microcirculation thereby enhancing
tissue regeneration [35, 36]. However, among the studies in-
cluded, there was a lack of standardization in the laser param-
eters. It is noteworthy that among the studies included in the
present systematic review and meta-analysis, there were two
modalities of laser irradiation—one that used high power la-
sers and interacted with tissues by increasing temperature, and
the other that used low power lasers or defocused high power
lasers that did not increase tissue temperature, but
biomodulated tissues, accelerated wound healing, and modu-
lated inflammation. In the studies by Moritz et al. [13, 14],
CO2 laser (10,600 nm) was used as an adjunct to direct pulp
capping procedures. The 24-month follow-up results showed
93 % success in terms tooth vitality among teeth that received
laser therapy as an adjunct to pulp capping [13, 14]; however,
these studies [13, 14] did not report whether the laser was
delivered in a focused or defocused mode. Moreover, in these
studies [13, 14], other critical parameters such as duration of

laser application and diameter of fiber were also not reported.
It may therefore be argued that the same laser when applied for
longer durations using a focused mode may demonstrate sig-
nificantly different results as compared to those reported in
studies by Moritz et al. [13, 14]. Yazdanfar et al. [22] used
LLLT (808 nm) as adjuncts to their pulp capping protocol and
reported 100 % success at 12 months of follow-up. This sug-
gests that low as well as high power lasers may be used as
adjuncts to conventional pulp capping procedures; however, it
is essential to standardize the laser parameters. Further well-
designed clinical trials are warranted in this regard. The out-
comes of experimental studies [13, 14, 23] included in the
present review were controversial. It is likely that this dissim-
ilarity could be related to the short follow-up duration of the
experimental studies. Studies [37, 38] have shown that pulp
healing is more predictable with a smaller exposure and in
younger patients. In addition, other factors that have been
reported to influence direct pulp capping procedures include
the following: (a) controlling pulpal bleeding after exposure
and prior to placing the pulp capping agent [39]; (b) cause of
exposure: exposures caused by mechanical reasons are more
likely to survive pulp capping procedures than exposures
caused by caries [39]; (c) control of moisture and

Fig. 2 Forest plot using Mantel-
Haenszel method for 95 %
confidence interval of individual
study and of the combined log
odds

Table 4 Estimated log odds ratio
and Mantel-Haenszel combined
odds ratio

Study Estimate SE 95 % CI Sample size Type

Moritz et al. [13] 1.443 0.396 0.667 to 2.220 200 Single

Moritz et al. [14] 1.859 0.393 1.088 to 2.629 260 Single

Santucci et al. [25] 2.476 0.569 1.362 to 3.591 93 Single

Olivi et al. [29] 0.906 0.570 −0.211 to 2.023 64 Single

Yazdanfar et al. [22] 1.792 1.748 −1.634 to 5.218 10 Single

Cengiz et al. [24] 3.230 1.481 0.328 to 6.132 60 Single

MH_LOR 1.737 0.221 1.304 to 2.171 687 Combined
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contamination in the dentin adjacent to the site of exposure
[39]. The age of the patients reported in the included studies
[13, 14, 22, 24, 29] ranged between 9 and 68 years. The size of
the pulp exposure varied from 0.1 mm to greater than 1.5 mm
[13, 14, 23, 24], and was not consistently reported. Moreover,
in these studies [13, 14, 22, 24, 29], cause of exposure
remained unclear. In order to reach a consensus on efficacy
of laser irradiation on pulpal tissue, reporting and standardi-
zation of these variables is necessary.

Ca(OH)2 is considered to be the gold standard for pulp cap-
ping and is shown to have consistent outcomes in dentin bridge
formation to seal off the exposed pulp [40, 41]. In these studies,
[13, 14, 29, 30] Ca(OH)2 was placed over the pulp in the test
groups after laser irradiation. One study [26] used MTA along
with laser therapy for direct pulp capping and found no differ-
ence among the different groups in terms of pulpal healing.
Data from recent meta-analysis [12, 42] show that MTA has a
higher success rate in direct pulp capping as compared to
Ca(OH)2. Considering the high success rate of pulp capping
with MTA and Ca(OH)2, it is unclear how to identify the con-
tribution of laser application in the improvement of outcomes
in the test group. This suggests that further studies with well-
defined experimental and control group are needed.

Conclusion

It appears that lasers treatment of exposed pulps can improve
the outcome of direct pulp capping procedures. However, the
exact mechanism of this effect remains unclear.
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Appendix A: List of excluded studies, with reason
for exclusion in parenthesis

& Stefanova VP, Tomov GT, Tsanova S (2015) Morphological Study
Of Border Area Of Pulp-Capping Materials And Er:YAG Laser
Prepared Hard Dental Surface. Folia medica 57 (1):49-55.
doi:10.1515/folmed-2015-0019 (Focused question not answered)

& Poggio C, Ceci M, Dagna A, Beltrami R, Colombo M, Chiesa M
(2015) In vitro cytotoxicity evaluation of different pulp capping ma-
terials: a comparative study. Arhiv za higijenu rada i toksikologiju 66
(3):181-188. doi:10.1515/aiht-2015-66-2589 (Focused question not
answered)

& Kurtzman GM (2015) Evolution of Comprehensive Care, Part 4.
Direct Restorations. Dentistry today 34 (8):22, 24, 26-27 (Focused
question not answered)

& Komabayashi T, Ebihara A, Aoki A (2015) The use of lasers for
direct pulp capping. Journal of oral science 57 (4):277-286.
doi:10.2334/josnusd.57.277 (Review)

& Arany PR, Cho A, Hunt TD, Sidhu G, Shin K, Hahm E, Huang GX,
Weaver J, Chen AC, Padwa BL, Hamblin MR, Barcellos-Hoff MH,
Kulkarni AB, D JM (2014) Photoactivation of endogenous latent
transforming growth factor-beta1 directs dental stem cell differenti-
ation for regeneration. Science translational medicine 6
(238):238ra269. doi:10.1126/scitranslmed.3008234 (Focused
question not answered)

& Yilmaz Y, Keles S,Mete A (2013) Temperature changes in the pulpal
chamber and the sealing performance of various methods of direct
pulp capping of primary teeth. European journal of pediatric dentist-
ry: official journal of European Academy of Pediatric Dentistry 14
(2):95-100 (Focused question not answered)

& Huth KC, Hajek-Al-Khatar N, Wolf P, Ilie N, Hickel R, Paschos E
(2012) Long-term effectiveness of four pulpotomy techniques: 3-
year randomized controlled trial. Clinical oral investigations 16
(4):1243-1250. doi:10.1007/s00784-011-0602-3 (Focused question
not answered)

& de Assuncao Pinheiro IV, Borges BC, de Lima KC (2012) In vivo
assessment of secondary caries and dentin characteristics after tradi-
tional amalgam restorations. European journal of dentistry 6 (3):263-
269 (Focused question not answered)

& Cannon M, Wagner C, Thobaben JZ, Jurado R, Solt D (2011) Early
response of mechanically exposed dental pulps of swine to
antibacterial-hemostatic agents or diode laser irradiation. The
Journal of clinical pediatric dentistry 35 (3):271-276 (Focused ques-
tion not answered)

& Masuda-Murakami Y, Kobayashi M,Wang X, Yamada Y, Kimura Y,
Hossain M, Matsumoto K (2010) Effects of mineral trioxide aggre-
gate on the differentiation of rat dental pulp cells. Acta histochemica
112 (5):452-458. doi:10.1016/j.acthis.2009.05.001 (Focused
question not answered)

& Kneist S, Schmidt F, Callaway A, Willershausen B, Rupf S, Wicht
M, Thiede B (2010) Diversity of Lactobacillus species in deep car-
ious lesions of primary molars. European archives of pediatric den-
tistry: official journal of the European Academy of Pediatric
Dentistry 11 (4):181-186 (Focused question not answered)

& Ferriello V, FariaMR, Cavalcanti BN (2010) The effects of low level
diode laser treatment and dental pulp-capping materials on the pro-
liferation of L-929 fibroblasts. Journal of oral science 52 (1):33-38
(Focused question not answered)

& Mohammadi Z (2009) Laser applications in endodontics: an update
review. International dental journal 59 (1):35-46 (Review)

& Fuks AB (2008) Vital pulp therapy with new materials for primary
teeth: new directions and Treatment perspectives. Pediatric dentistry
30 (3):211-219 (Review)

& Parker S (2007) Surgical laser use in implantology and endodontics.
British dental journal 202 (7):377-386. doi:10.1038/bdj.2007.284
(Review)

& Srinivasan V, Patchett CL, Waterhouse PJ (2006) Is there life after
Buckley’s Formocresol? Part I – a narrative review of alternative in-
terventions and materials. International journal of pediatric dentistry /
the British Pedodontic Society [and] the International Association of
Dentistry for Children 16 (2):117-127. doi:10.1111/j.1365-263
X.2006.00688.x (Focused question not answered)

& Olivi G, Genovese MD (2006) Erbium chromium laser in pulp cap-
ping treatment. J Oral Laser Appl 6 (4):291-299 (Focused question
not answered)

& Huth KC, Paschos E, Hajek-Al-Khatar N, Hollweck R, Crispin A,
Hickel R, Folwaczny M (2005) Effectiveness of 4 pulpotomy
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techniques–randomized controlled trial. Journal of dental research 84
(12):1144-1148 (Focused question not answered)

& Stabholz A, Sahar-Helft S, Moshonov J (2004) Lasers in endodon-
tics. Dental Clinics of North America 48 (4):809-832, vi.
doi:10.1016/j.cden.2004.05.012 (Review)

& Matsumoto K (2000) Lasers in endodontics. Dental Clinics of North
America 44 (4):889-906, viii (Review)

& Kimura Y, Wilder-Smith P, Matsumoto K (2000) Lasers in endodon-
tics: a review. International endodontic journal 33 (3):173-185
(Review)

& Dabrowska E, Zdanowicz-Wiloch J, Pawinska-Magnuszewska M,
Stokowska W (1997) Intravital treatment of the pulp with simulta-
neous laser biostimulation. Roczniki Akademii Medycznej w
Bialymstoku (1995) 42 (1):168-176 (Focused question not
answered)

& Walsh LJ (1994) Clinical evaluation of dental hard tissue applica-
tions of carbon dioxide lasers. Journal of clinical laser medicine &
surgery 12 (1):11-15. doi:10.1089/clm.1994.12.11 (Focused
question not answered)

& Meese G, Holzel B, Engelmann U (1991) [Micro-plasma treatment
of dental pulp in animal experiments]. Deutsche Stomatologie
(Berlin, Germany: 1990) 41 (12):479-481 (Focused question not
answered)

& Wilder-Smith P (1988) The soft laser: therapeutic tool or popular
placebo? Oral surgery, oral medicine, and oral pathology 66
(6):654-658 (Review)
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