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Systematic Review of Post-Surgical Laser-Assisted
Oral Soft Tissue Outcomes Using Surgical Wavelengths

Outside the 650–1350 nm Optical Window

Steven Parker, BDS, LDS RCS, MFGDP,1 Eugenia Anagnostaki, DDS, MSc,1

Valina Mylona, DDS, MSc,1 Mark Cronshaw, BSc, BDS, LDS RCS, MSc,1,2

Edward Lynch, PhD, MA, BDS, FDSRCS (Ed), FDSRCS (Lond),1,3

and Martin Grootveld, BSc, PhD, MIBMS, CBiol, FSB, FRSC1,3

Abstract

Objective: To explore via systematic review the validation of uneventful post-surgical healing, associated with
shorter and longer laser wavelength applications in minor oral surgery procedures.
Methods: From April 28 to May 11, 2020, PubMed, Cochrane Database of Systemic Reviews, and Google
Scholar search engines were applied to identify human clinical trials of photobiomodulation (PBM) therapy in
clinical dentistry. The searches were carried out with reference to (1) dental laser wavelengths shorter than
650 nm; (2) wavelengths localized within the 2780–2940 nm; and (3) the 9300–10,600 nm range. Selected
articles were further assessed by three independent reviewers for strict compliance with PRISMA guidelines
and modified Cochrane Risk of Bias to determine eligibility.
Results: Using selection filters of randomized clinical trials, moderate/low risk of bias, and the applied period,
and following PRISMA guidelines, 25 articles were selected and examined. A risk of bias was completed,
where 11 out of 25 publications were classified as low risk of bias, and 14 out of 25 were classified as medium
risk status. In total, 6 out of 13 (46% of) studies comparing the examined laser wavelengths with scalpel-based
treatment showed positive results, whereas 6 out of 13 (46%) showed no difference, and only 1 out of 13 (7.7%)
presented a negative outcome. In addition, 5 out of 6 (83% of) studies comparing the examined laser wave-
lengths with other diodes (808–980 nm) showed positive results, whereas 1 out of 6 (17%) had negative
outcomes.
Conclusions: A detailed and blinded examination of published studies has been undertaken, applying strict
criteria to demonstrate research outcome data, which suggests positive or at worst neutral comparatives when a
given laser wavelength system is used against an alternative control therapy. As such, substantiated evidence for
laser surgery in delivering uneventful healing and analgesic effects, as an expression of a PBM-like (quasi-
PBM) influence, has been shown.

Keywords: laser, oral, soft tissue, healing, photobiomodulation, optical window

Introduction

By convention, photobiomodulation (PBM) involves
the manipulation of cellular behavior by using low-

intensity light sources. Originally referred to as Low Level
Laser Therapy,1 this was superseded by the Medical Sub-
ject Heading (MeSH) term ‘‘PBM’’ in 2015.2 PBM has
been developed from a concept to received evidence-based
accreditation through considerable research efforts. As a

phenomenon, PBM therapy has been found to be beneficial
in its effects toward cellular, local tissue, systemic, and
biochemical processes, and it can significantly contribute
as an adjunct in the resolution of pain and inflammation,
together with the treatment of the pathophysiological pro-
cesses of disease3; as such, it may be considered an attribute
in achieving the delivery of ‘‘uneventful healing’’ that ac-
companies post-surgical, oral soft tissue laser therapy in
clinical dentistry.4

1School of Pharmacy, Faculty of Health and Life Sciences, De Montfort University, Leicester, United Kingdom.
2School of Dentistry, College of Medical and Dental Sciences, Birmingham University, Birmingham, United Kingdom.
3School of Dental Medicine, University of Nevada Las Vegas, Las Vegas, Nevada, USA.

Photobiomodulation, Photomedicine, and Laser Surgery
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ª Mary Ann Liebert, Inc.
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During soft tissue laser surgical therapy, attenuation of
the incoming photonic energy at deeper and distant areas
may be viewed as a function of the incident wavelength
relative to the absorption and scattering coefficients and
tissue anisotropy, along with other factors, including the
temperature of irradiated tissues.5,6 At a distance from the
site of tissue ablation, and along a combined thermal and
scatter gradient, the reduction in applied laser fluence may
deliver sub-ablative photonic energy density; with ab-
sorption by tissue components, a modulation process en-
sues, with examples of enhanced cellular activity,
increased local vascular and lymphatic circulation, and
analgesic effects that, combined, can promote a positive
and advantageous healing process. The latter represents a
combination of direct suppression of an inflammatory
cascade, in addition to the facilitated optimization of
conditions that are conducive to cellular repair and re-
generation phenomena.7–9

Through an ‘‘assumed’’ convention, the capacity of a rel-
atively narrow bandwidth of visible and near infra-red (NIR)
wavelengths to deliver tissue penetration and photon scatter
has been denoted as the ‘‘optical window,’’ with emissions
ranging from *650 to 1350 nm.10–13 The NIR optical win-
dow may be computed from the absorption coefficient
spectrum expressed relative to that of target tissue compo-
nents.14 The length of the optical pathway may be viewed as a
function of multiple factors, including the refractive index of
the tissue medium, the angle of incidence, and the wave-
length itself, as well as parameters such as irradiance, surface
spot size, and optical beam profile.

Hence, some questions remain regarding accountability
for the degree of uneventful healing that may accompany
surgical procedures when using laser wavelengths that are
outside or remote from this optical window bandwidth.

This systematic review sets out to evaluate published
articles related to para-surgical, post-surgical, and healing
outcomes of dental laser applications whose emission
wavelengths are shorter and longer than the optical window
(650–1350 nm) range. Prime criteria applied are randomized
controlled human studies during a 10-year period that con-
form to an acceptable risk of bias, and they also represent
post-surgical outcomes that have been independently eval-
uated by three of the review authors.

Materials and Methods

During the period April 28 to May 11, 2020, an electronic
literature search was conducted through the search engines
PubMed, Cochrane Database of Systematic Reviews, and
Google Scholar. The applied keywords and their combina-
tions were as follows:

(CO2 OR carbon dioxide OR erbium OR Er:YAG OR
Er,Cr:YSGG OR green OR KTP OR blue OR 445 OR 450 OR
532 OR visible) AND laser AND (soft tissue OR oral surgery
OR lip OR tongue OR buccal mucosa OR granuloma OR
gingivectomy OR biopsy OR leukoplakia OR lichen OR
ankyloglossia OR frenectomy OR fibroma OR mucocele
OR ranula OR gingiva hyperpigmentation OR gingiva de-
pigmentation OR implant recovery OR second stage surgery).

In addition, the following MeSH Terms were employed:
surgery, oral; lasers; ankyloglossia; gingiva; tongue; granu-
loma; ranula; mucocele; mouth mucosa; biopsy; leukoplakia;

gingivectomy; fibroma; oral surgical procedures; erbium; lip;
hyperpigmentation; carbon dioxide; lichen; and sub-heading:
pathology.

From this, it could be arrived at that 8378 articles were
first indicated before limitation to clinical, humans, 10
years, and from peer-reviewed journals in the English lan-
guage only. After application of these selection criteria, this
total number was reduced to 282 articles.

After removal of pilot studies, no clinical trials, in vitro
studies, other medical fields (e.g., dermatology, general sur-
gery), non-surgical dental fields [e.g., periodontology, end-
odontics, antimicrobial photodynamic therapy (aPDT)], three
independent reviewers further reduced the total to 58 articles.
After removal of duplicates, 46 articles remained thereafter.

These articles were subject to full-text evaluation; studies
with small sample sizes (<10 patients), no control group,
case series, animal studies, and literature reviews were re-
moved. From 31 articles, non-randomized controlled trials
were excluded, a process further reducing the final number
of eligible articles to 25. Within this final number, 4 articles
were related to the use of ‘‘blue/green’’ (445–532 nm), 12
related to a mid-IR group (2780–2940 nm), and 9 articles to
a far-IR (9300–10,600 nm) group of wavelengths.

Within this number and range, the following inclusion
and exclusion criteria were then strictly represented:

Inclusion criteria:

� laser wavelength outside the ‘‘optical window’’ (650–
1350 nm) used as a light source;

� only randomized controlled clinical trials;
� ‡10 samples/participants per group;
� an applicable ‘‘control’’ group.

Exclusion criteria:

� dermal and/or general medical applications;
� duplicates or studies with the same ethical approval

number;
� no control group;
� no randomized controlled clinical trials or pilot studies;
� low sample sizes.

In accordance with the PRISMA statement,15 details of
the selection criteria are presented in Fig. 1.

Data extraction

Having reached an agreement regarding the selection of
included articles, the three reviewers involved subsequently
and independently extracted data regarding:

� Citation (first author and publication year);
� Test/control groups;
� Type of study/number of patients;
� Aim of study;
� Examined parameters;
� Laser parameters;
� Follow-up;
� Outcomes.

Quality assessment

During data extraction, the reliability and validity of
the included articles were further evaluated by assessing
their risk of bias adhering to the PRISMA statement.15 The
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FIG. 1. PRISMA diagram of articles selected.
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Cochrane Risk of Bias tool16 was modified according to the
requirements of this systematic review.

The risk of bias was determined according to the number
of ‘‘yes’’ or ‘‘no’’ responses to the parameters provided
next, which were allocated to each study:

� Sufficient randomization?
� Sample size calculation and required sample numbers

included?
� Baseline situation similar to that of the test group?
� Existence of blinding?
� Parameters of laser use described appropriately and

correctly?
� Power meter used?
� Numerical results available (statistics)?
� No missing outcome data?
� All samples/patients completed the follow-up evalua-

tion?
� Correct interpretation of data acquired?

The classification was performed according to the total
number of ‘‘yes’’ answers to the questions just cited. For the
current study, the degree of bias was computed according to
the score limits provided next:

High risk: 0–4; moderate risk: 5–7; low risk: 8–10.

Results

Primary outcome

The primary goal of this systematic review was to criti-
cally appraise the treatment outcome regarding indices of
healing and pain after oral soft tissue surgeries performed by
laser wavelengths outside the 650–1350 nm optical window
selection criterion.

Data presentation

The results related to combined Blue/Green and CO2

wavelengths are grouped to recognize the similar inherent
continuous wave (CW) emission modes. Details of each
study are shown in Tables 1 and 2.

Information acquired related to the erbium chromium
YSGG and erbium YAG (free running pulsed [FRP] emis-
sion mode) is shown in Tables 3 and 4.

Quality assessment presentation

The risk of bias of the included studies is presented in
Table 5. In consideration of the factors determined by the
authors to indicate scientific rigor, the risk was valued as
high risk: 0–4; moderate risk: 5–7; low risk: 8–10.

In total, 11 out of 25 (44% of) articles showed a low risk
of bias with the following gradings:

� 9/10 score—3 articles24,24,26 (Ref.24 in Erbium and
CO2 groups)
� 8/10 score—8 articles17,21,25,29,30,33,35,36

Overall, 14 out of 25 (56%) articles, respectively, showed
a medium risk of bias with the following gradings:

� 7/10 score—6 articles22,23,27,31,34,38

� 6/10 score—6 articles18,19,32,37,39,40

� 5/10 score—2 articles20,28

As far as the risk factor that gained the most common nega-
tive answers, the use of a power meter was recorded in only one
of the studies, and only five of them performed sample size cal-
culation and included the required number of participants. Re-
garding the correct and complete description of the laser protocol
applied, 15 out of 25 studies had indicated it appropriately.

Analysis of data

Analysis of the studies was performed to evaluate the
treatment outcome per each wavelength, with reference to
the respective control group:

� Blue (445 nm) compared with:
Diodes (808 and 970 nm): 2/2 positive17,18

� Green (532 nm) compared with:
Diode 980 nm: 1/1 positive for the first 14 days19

532 nm+hyaluronic acid compound: 1/1 negative in
healing, and no difference in pain20

� Erbium (2940 or 2780 nm) compared with:
Scalpel: 3/7 positive,24,26,29 4/7 no difference22,23,27,30

Diodes (808, 810 and 980 nm): 2/3 positive,21,32 1/3
negative28

CO2 (10,600 nm): 1/2 positive,24 1/2 no difference25

� CO2 (10,600 nm) compared with:
Scalpel: 3/6 positive,24,37,38 2/6 no difference,34,39

1/6 negative35

Low level laser therapy (LLLT) (890 and 633 nm):
1/1 negative40

CW versus gated mode: 2/2 no difference33,36

In total, 6 out of 13 (46% of) studies comparing laser
wavelengths with scalpel treatment showed positive results,
whereas 6 out of 13 (46%) reported no difference and only 1
out of 13 (8%) presented negative outcomes.

In addition, 5 out of 6 (83% of) studies comparing laser
wavelengths with other diodes (808–980 nm) showed
positive results, whereas 1 out of 6 (17%) had negative
outcomes.

Regarding the laser protocol applied, 10 out of 25 (40%)
articles reported an incomplete laser parameter descrip-
tion.19,20,22,27,28,32,34,37,38,40 The deficiencies concerned the
following parameters:

� Average Power delivered: 1/10 articles38

� Tip or spot size: 5/10 articles28,34,37,38,40

� Gated/pulsed frequency: 3/10 articles28,34,37

� Fluence/irradiance (either missing or wrongly calcu-
lated): 6/10 articles20,28,34,37,38,40

� Total energy delivered: 8/10 articles20,22,28,32,34,37,38,40

� Tip-to-tissue distance: 7/10 articles19,20,27,28,34,38,40

� Gated/pulse duration: 3/10 articles19,20,22

� Irradiation time: 7/10 articles.27,28,32,34,37,38,40

Discussion

This systematic review has applied strict evaluation and
risk-of-bias criteria to identify the quality and quantity of
outcomes from laser-assisted oral soft tissue surgery, and to
explore those outcomes that might be interpreted as exam-
ples of non-ablated tissue PBM effects.

It was noted that the specifics of laser parametry and en-
ergy delivered was unclear in many of the articles exam-
ined. Similar deficiencies were found in the selected articles
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within this investigation, such as power meter used, fluence,
irradiation, and total energy delivered. In addition, it was
challenging to establish accurate values for the outcomes
that were examined. Without a risk of bias and consideration
of probability values related to statistical significance, a
meaningful interpretation of results would have been diffi-
cult. An earlier article41 by the authors in this group high-
lighted the significant disparity in reported parameters
within published articles focused on PBM.

However, it is encouraging from the results that 46% of
the post-operative observations were positive in relation to
laser versus scalpel treatment, and compared with other
diode lasers (808–980 nm), this respective percentage was
83%. It may be possible to explore the reasons for such
results in terms of laser-tissue interactions as a function of
varying wavelengths applied.

Laser (and other light) therapies are effective, and their
benefits are based on the principle of inducing a biological
response through energy transfer.42 This applies to both
surgical (ablative) therapy and sub-ablative PBM therapy.
The optimal photonic dose for oral soft tissue surgical man-
agement (photothermal ablation/incision) must be the sub-
ject of recommended settings and power meter confirmation.
In addition, with NIR ‘‘hot tip’’ delivery, sufficient attenua-
tion of the beam must be achieved to not only enable the tip
temperature but also allow sufficient wavelength-specific
photons to enter the tissue to achieve PBM.43 Through an-
ecdotal investigation, the authors estimate an optimal onward
transmission of 15%. Photothermolysis should also represent
a measured function of tissue type, laser wavelength relative
to chromophore/absorptive tissue bimolecular components,
and a deliverance of energy concentration to achieve efficient
tissue ablation with minimum risk of collateral thermal
damage. Average power, peak power, energy and power
densities, exposure time, and, at some distance from the tis-
sue zone of maximum photothermolysis and ablation (along a
thermal and scatter gradient), the applied value of fluence
will diminish and tissue temperature will reduce to a level
where dose parameters for PBM effects may occur;44 thera-
pies are usually within the range of 2–10 J/cm2 for enhanced
qualities of healing, with a higher range of 10–30 J/cm2 for
laser-induced analgesia.45

Within research limited to dental and oral applications, an
optical window has been understood to be between 650 and
1350 nm, without doubt founded on important existential
phenomena of absorption and scatter effects of these wave-
lengths within oral soft tissues.46 The predominance of in-
vestigations into laser-assisted surgical procedures with a
generic ‘‘diode’’ laser offers an extremely high number of
publications that are referenced in the PRISMA diagram re-
lated to the >650 nm wavelength range. Clearly, this fails to
offer explanations regarding reported similar healing benefits
when using laser wavelengths that are both shorter and longer
than those represented by the NIR optical window.

With accepted opinion related to the delivery of PBM
effects with near IR wavelengths, a question regarding what
mechanisms might pertain in promoting positive uneventful
healing phenomena when using shorter and longer wave-
lengths is therefore posed.

Shorter wavelengths of 400–600 nm have relatively low
optical transmission within tissues. This is a consequence of
absorption by chromophoric proteins as well as further

colored agents, particularly those containing transition metal
ions such as those of iron and copper, and to a lesser extent,
manganese. The effects of absorption are dose related and
can range from protein denaturation to mild transient hy-
perthermia.47 In surgical mode, a small optical spot size is
applied typically in contact with the tissues. The high ra-
diant exposure and localized absorption results in tissue
destruction by vaporization and/or coagulation, or at even
higher settings carbonization. In the immediate periphery of
the zone of destruction, there can be sufficient localized heat
to generate collagen contraction, which results in capillary
closure. Dependent on operator technique, this can produce
a relatively narrow zone of collateral tissue damage with
excellent hemostasis. Also, in view of the high localized
thermocline, there is an area of disinfection since most
bacteria, viruses, and fungi are sensitive to temperatures
elevated above 50�C. Consequently, beyond the immediate
wound edge, there is an interstitial zone of sterile coagula-
tion that acts as what may be termed a ‘‘laser bandage.’’
Beyond this zone of coagulation, however, the vital tissues
respond with a classic tissue damage cascade, and as pre-
viously noted, there is an activation of the immune system
producing an initiation of the cycle of wound damage mit-
igation, inflammation, primary wound matrix deposition,
healing, and finally wound remodeling to the point of re-
generation under optimal conditions.48

Longer wavelengths in the mid-IR range of 2780–3000 nm
are strongly absorbed by water. Since biological tissues are
water rich, these wavelengths permit only a shallow depth of
field surgery. If adequate superficial cooling air/water sprays
dissipate heat accumulation, the zone of collateral destruction
beyond the area of tissue disruption is of the order of up to
50 lm after explosive ablation and spallation. This type of
tissue cutting is a differential affair to that associated with
either the short or near IR wavelengths that primarily cut via
photothermolysis. This phenomenon arises from the use of
FRP laser devices with ultra-short pulse durations, along with
exceptionally high peak power with the erbium-type laser
sources. Since chemical -O-H functions are highly responsive
to photo-excitation at these wavelengths, there is a process of
phase transition from water to steam within microseconds of
exposure. The consequent rapid volumetric change of the
expanded area of superheated vapor within a contained area,
therefore, produces an explosive tissue disruption.49,50 The
fragmented target tissues are removed by exposure to an
adjunct water spray and high-volume evacuation. Conse-
quently, there is remarkably little heat diffusion to the deeper
layers of the collateral tissues. Subject again to good operator
technique and the informed use of appropriate parameters, the
area of collateral tissue damage may be minimal; moreover,
there can again be a highly localized tissue rim that is disin-
fected and coagulated again with an associated vasocon-
striction to support hemostasis. In addition, there can be a
localized rim of tissue that is disinfected and coagulated with
an associated vasoconstriction to support hemostasis.

Given the reduced optical penetration of both the shorter
and the longer wavelengths of applied photonic energy, it is
interesting to consider the multiple processes that may ex-
plain the mitigation of post-operative pain and swelling.
Further, there is some evidence of an enhanced quality of
repair; for example, Kesler et al.51 in an animal study iden-
tified a sustained increase in platelet-derived growth factor in
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ié
-S

án
ch

ez
et

al
.

3
1

2
7

8
0

/1
0

,6
0

0
n

m
R

C
T

5
0

p
at

ie
n

ts
2

7
8

0
n

m
2

5
p

at
ie

n
ts

,
1

0
,6

0
0

n
m

2
5

p
at

ie
n

ts

U
p

p
er

li
p

fr
en

ec
to

m
y

S
u

rg
ic

al
b

le
ed

in
g

T
im

e
re

q
u

ir
ed

H
ea

li
n

g
R

el
ap

se

1
.5

W
A

P
.

2
0

H
z,

7
5

m
J,

p
u

ls
e

w
id

th
1

4
0
ls

,
1

2
%

w
at

er
an

d
8

%
ai

r,
sp

o
t

0
.6

m
m

,
6

0
0
lm

ti
p

,
st

ra
ig

h
t

h
an

d
p

ie
ce

.
F

lu
en

ce
2

6
.5

4
J/

cm
2
.

M
ea

n
ir

ra
d

ia
ti

o
n

ti
m

e
7

7
se

c

7
,

1
4

,
an

d
2

1
d

ay
s

an
d

4
m

o
n

th
s

N
o

st
at

is
ti

ca
l

an
al

y
si

s
2

7
8

0
n

m
:

le
ss

h
em

o
st

at
ic

ef
fe

ct
th

an
1

0
,6

0
0

n
m

.,
lo

n
g

er
ti

m
e

re
q

u
ir

ed
,

h
ea

li
n

g
fa

st
er

.
N

o
re

la
p

se
fo

r
an

y
g

ro
u

p
af

te
r

4
m

o
n

th
s

T
u

n
c

et
al

.3
2

2
7

8
0

/9
8

0
n

m
d

io
d

e
R

C
T

,
X

-s
ec

ti
o

n
al

st
u

d
y

,
4

0
p

at
ie

n
ts

2
7

8
0

n
m

5
1

im
p

la
n

ts
/

9
8

0
n

m
5

0
im

p
la

n
ts

S
ec

o
n

d
-s

ta
g

e
im

p
la

n
t

su
rg

er
y

S
u

rg
er

y
ti

m
e,

b
le

ed
in

g
,

V
A

S
,

p
o

st
-o

p
co

m
p

li
ca

ti
o

n
s

2
.0

0
W

A
P

,
5

5
0
lm

ti
p

,
1

0
0

H
z,

2
0

m
J

1
4

0
ls

p
u

ls
e,

1
0

%
w

at
er

,
an

d
1

0
%

ai
r

3
d

ay
s.

O
n

w
ar

d
re

st
o

ra
ti

v
e

tr
ea

tm
en

t
O

v
er

al
l

n
o

st
at

is
ti

ca
ll

y
si

g
n

ifi
ca

n
t

d
if

fe
re

n
ce

s
in

ti
m

e,
b

le
ed

in
g

,
V

A
S

,
an

d
co

m
p

li
ca

ti
o

n
s.

S
u

rg
er

y
(
p

0
.7

).
V

A
S

(
p

=
0

.6
),

sw
el

li
n

g
(
p

=
1

.0
)

R
ef

er
en

ce
s.

2
9
–
3
2

602

D
ow

nl
oa

de
d 

by
 S

te
ve

n 
Pa

rk
er

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
0/

07
/2

0.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



T
a

b
l
e

5
.

R
i
s
k

o
f

B
i
a

s
o

f
A

r
t
i
c
l
e
s

S
e
l
e
c
t
e
d

C
it

a
ti

o
n
s

R
a
n
d
o
m

iz
a
ti

o
n

S
a
m

p
le

si
ze

ca
lc

u
la

ti
o
n

a
n
d

re
q
u
ir

ed
n
u
m

b
er

in
cl

u
d
ed

B
a
se

li
n
e

si
tu

a
ti

o
n

si
m

il
a
r

B
li

n
d
in

g

P
a
ra

m
et

er
s

o
f

la
se

r
u
se

d
es

cr
ib

ed
a
p
p
ro

p
ri

a
te

ly
a
n
d

ca
lc

u
la

ti
o
n
s

co
rr

ec
t

P
o
w

er
-m

et
er

u
se

d

N
u
m

er
ic

a
l

re
su

lt
s

a
va

il
a
b
le

(s
ta

ti
st

ic
s)

N
o

m
is

si
n
g

o
u
tc

o
m

e
d
a
ta

A
ll

sa
m

p
le

s/
p
a
ti

en
ts

co
m

p
le

te
d

th
e

fo
ll

o
w

-u
p

C
o
rr

ec
t

in
te

r-
p
re

ta
ti

o
n

o
f

d
a
ta

T
o
ta

l
sc

o
re

/1
0

B
lu

e
g
re

en
4

ar
ti

cl
es

G
o
b
b
o

et
al

.1
7

Y
es

N
o

Y
es

Y
es

Y
es

N
o

Y
es

Y
es

Y
es

Y
es

8
R

o
cc

a
et

al
.1

8
Y

es
N

o
Y

es
N

o
Y

es
N

o
N

o
Y

es
Y

es
Y

es
6

R
o
m

eo
et

al
.1

9
Y

es
N

o
N

o
N

o
N

o
Y

es
Y

es
Y

es
Y

es
Y

es
6

B
ar

g
ie

la
-P

ér
ez

al
.2

0
Y

es
N

o
N

o
N

o
N

o
N

o
Y

es
Y

es
Y

es
Y

es
5

E
rb

iu
m

g
ro

u
p

1
2

ar
ti

cl
es

G
ia

n
n
el

li
et

al
.2

1
Y

es
N

o
Y

es
Y

es
Y

es
N

o
Y

es
Y

es
Y

es
Y

es
8

A
lh

ab
as

h
n
eh

et
al

.2
2

Y
es

N
o

Y
es

Y
es

N
o

N
o

Y
es

Y
es

Y
es

Y
es

7
Ip

ek
et

al
.2

3
Y

es
N

o
Y

es
N

o
Y

es
N

o
Y

es
Y

es
Y

es
Y

es
7

S
u
te

r
et

al
.2

4
Y

es
Y

es
Y

es
Y

es
Y

es
N

o
Y

es
Y

es
Y

es
Y

es
9

S
u
te

r
et

al
.2

5
Y

es
Y

es
N

o
Y

es
Y

es
N

o
Y

es
Y

es
Y

es
Y

es
8

B
ro

cc
o
le

tt
i

et
al

.2
6

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

Y
es

Y
es

Y
es

Y
es

9
A

rd
u
in

o
et

al
.2

7
Y

es
Y

es
Y

es
N

o
N

o
N

o
Y

es
Y

es
Y

es
Y

es
7

A
ra

s
et

al
.2

8
Y

es
N

o
N

o
N

o
N

o
N

o
Y

es
Y

es
Y

es
Y

es
5

E
ro

g
lu

et
al

.2
9

Y
es

N
o

Y
es

Y
es

Y
es

N
o

Y
es

Y
es

Y
es

Y
es

8
G

h
o
la

m
i

et
al

.3
0

Y
es

N
o

Y
es

Y
es

Y
es

N
o

Y
es

Y
es

Y
es

Y
es

8
P

ié
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osseous tissues exposed to an erbium laser wavelength of
2940 nm, and Pourzarandian et al.52 reported that COX-2 gene
expression and PGE-2 concentration increased in an output-
dependent manner by irradiating human fibroblasts (in vitro)
with an Er:YAG laser system. In addition, a report by Lubart53

claimed that an Er-YAG laser system dissociates water and
generates �OH radicals, possibly via an intermolecular vibra-
tional (V-V) energy transfer in water, which competed with
vibrational relaxation and was dependent on the pulse repetition
rate and energy density per laser pulse. At low concentrations of
such reactive oxygen species (ROS), fibroblast stimulation may
cause collagen and extracellular matrix formation. Therefore,
ROS formation may be a contributory factor featured in the
wound-healing effect of erbium lasers in dentistry.

In consequence, it was the purpose of this review to ex-
amine the evidence base to critically evaluate and identify
the nature of any added value of clinical laser integration
into practice, and also to facilitate the highlighting of any
areas worthy of consideration for future research into the
mechanisms of PBM. The acronym ‘‘q-PBM’’—that is,
quasi-PBM54—has been suggested to possibly explain a
post-surgery tissue response that mimics that achieved
within the ‘‘optical window,’’ and also to question the cel-
lular and biochemical processes that may be stimulated by
these longer and shorter wavelengths involved.

In providing surgery for the treatment of oral soft tissue
pathology and cosmetic alterations, the dental professional
has an obligation to maintain a positive benefit–risk ratio. The
use of laser photonic energy of appropriate applied wave-
length, dose, and timing has been shown to offer benefits
during surgical procedures, and also to the patient during the
early healing period. Indeed, there are considerable published
data available to support the effectiveness of incisional he-
mostasis, and the development of a post-surgical surface
coagulum55–60 when using a range of surgical laser wave-
lengths, although a predominance of investigations into
‘‘uneventful’’ healing has centered on the IR wavelengths that
fall within the 650–1350 nm optical window. Significantly,
PBM is also considered an attribute to the delivery of ‘‘un-
eventful healing’’ that accompanies post-surgical laser ther-
apy within clinical dentistry.4 However, to date, the processes
associated with these benefits are not fully understood. As
stated earlier, at a distance from the site of tissue ablation,
along a combined thermal and scatter gradient, there may be a
direct influence of sub-ablative photonic energy density
during a modulation process of enhanced cellular activity,
increased local vascular and lymphatic circulation, and an-
algesic effects that, combined, can promote a positive and
advantageous healing process. The latter represents a com-
bination of direct suppression of an inflammatory cascade, in
addition to the facilitated optimization of conditions that are
conducive to cellular repair and regeneration phenomena.6–8

With the development of lasers as adjunctive surgical in-
struments, the benefits of each wavelength range within the
series of commercially available dental lasers available have
been summarized to represent one or more of the following:61

Precision/control of non-linear incisions: relative to
width/depth of ablation

Incisional hemostasis: relative to laser wavelength
Selective ablation: relative to tissue composition
Pathogen control: incisional pathogen reduction/wound

protection through post-ablation coagulum

Hard/soft tissue treatment harmonization: co-treatment,
stage harmonization

Positive healing phenomena

As has been adequately described in the studies evalu-
ated, such terminology is used to describe the para- and
post-surgical outcomes of surgical laser-tissue interaction.

Critical to photothermolysis, a thermal threshold exists
within the tissue, below which the incident photonic energy
values are insufficient to initiate structural disruption, a pro-
cess resulting in warming, and below a sustained threshold of
45.5�C, tissues are not irreparably harmed,62,63 with the po-
tential for beneficial positive changes in cellular structures
and biochemical processes.64 In addition, with the use of red
visible and NIR laser wavelengths, photon attenuation with a
distance from the site of application will result in diminished
irradiance to a point below that required to achieve the ab-
lation threshold of the tissue, yet it also allows the absorption
of energy by cellular structures, resulting in collateral PBM
remote from the zone of tissular ablation.65

With all incident wavelengths, laser-assisted soft tissue
surgery (tissue injury) prompts a succession of responses
and reactions in the host tissue that may be summarized as
the wounding, inflammation, proliferation, and remodeling
phases. The primary wound and bleeding prompt the trigger
of a coagulation cascade, and activation of the complement
system and the kinin cascade.66,67 The cellular response
after wounding begins early, showing considerable changes
already at 12–24 h post-surgery, and from a clinical view-
point, healing during the first post-operative days is crucial
for the maintenance of wound stability and subsequent
successful treatment outcomes.68

Conclusions

A detailed and blinded examination of published studies
has been undertaken, applying strict criteria to demonstrate
result data that suggest positive, or at worst neutral compar-
atives when a given laser wavelength is used against an al-
ternative control therapy. With reference to the number of
published articles examined, a significant improvement in
addressing risk of bias and in reporting laser operating
parameters would enable a wider range of published data to be
examined within the strict criteria of this systematic review.
As such, a substantiated evidence of laser surgery in deliver-
ing uneventful healing and analgesic effects, as an expression
of PBM-like (quasi-PBM) influence, has been shown. From
this series of investigations, a greater understanding of mo-
lecular, cellular, and regional tissue responses to applied en-
ergy at these wider wavelength ranges is sought. A summation
of investigations of currently commercially available laser
wavelengths in dentistry may then allow a more-inclusive
meld of PBM effects within the current optical window, to-
gether with an adoption of a descriptive q-PBM to explain
similar outcome effects of wider laser wavelength use in oral
surgery. In this way, a desired outcome of understanding of
soft tissue laser-tissue interaction, across the current thera-
peutic electromagnetic spectrum, may evolve.

This systematic review supports a belief that through
multiple biophysical and host cellular and biochemical re-
sponses, oral soft tissues are positively modulated through
laser use.
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ison of diode laser and Er:YAG lasers in the treatment of
ankyloglossia. Photomed Laser Surg 2010;28:173–177.
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