
Laser application in non-surgical
periodontal therapy: a systematic
review

Schwarz F, Aoki A, Becker J, Sculean A. Laser application in non-surgical periodontal
therapy: a systematic review. J Clin Periodontol 2008; 35 (Suppl. 8): 29–44.
doi: 10.1111/j.1600-051X.2008.01259.x.

Abstract
Objectives: The primary aim was to address the following focused question: What is
the clinical effect of laser application compared with mechanical debridement in non-
surgical periodontal therapy in patients with chronic periodontitis? A secondary aim
was to survey the relevant literature in relation to safety of laser applications.

Material and Methods: Electronic databases of the PubMed and the Cochrane
Library were searched and completed by manual searches up to December 2007.

Results: Following screening, 12 publications (11 studies) were eligible for the review.
A meta-analysis could not be performed due to the heterogeneity of the studies. The
results from a narrative synthesis indicate that Er:YAG laser monotherapy resulted in
similar clinical outcomes, both in the short and the long term (up to 24 months), compared
with mechanical debridement. There is insufficient evidence to support the clinical
application of either CO2, Nd:YAG, Nd:YAP, or different diode laser wavelengths.

Conclusions: The Er:YAG laser seems to possess characteristics most suitable for the
non-surgical treatment of chronic periodontitis. Research conducted so far has indicated
that its safety and effects might be expected to be within the range reported for conven-
tional mechanical debridement. However, the evidence from the evaluated studies is weak.

Key words: chronic periodontitis; laser/
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Potential Use of Lasers for
Periodontal Treatment

In recent years, the use of laser radiation
has been expected to serve as an alter-
native or an adjunctive treatment to
conventional, mechanical periodontal

therapy. Various advantageous charac-
teristics, such as haemostatic effects,
selective calculus ablation, or bacterici-
dal effects against periodontopathic
pathogens, might lead to improved treat-
ment outcomes (Aoki et al. 1994, 2004,
Ando et al. 1996, Folwaczny et al.
2002a). The wavelengths of the lasers
most commonly used in periodontics,
which include semiconductor diode
lasers, the Nd:YAG laser (neodymium
doped: yttrium, aluminium, and garnet),
the Er:YAG laser (erbium doped:
yttrium, aluminium, and garnet), and
the carbon dioxide (CO2) laser, range
from 635 to 10, 600 nm. Because of an
excellent soft tissue ablation capacity,
CO2 lasers have been used successfully
as an adjunctive tool to de-epithelialize
the mucoperiosteal flap during tradi-
tional flap surgery (Centty et al. 1997).
Diode and Nd:YAG lasers were mainly

used for laser-assisted subgingival cur-
ettage and disinfection of the perio-
dontal pocket with various degrees of
success (Cobb et al. 1992, Moritz et al.
1998, Liu et al. 1999). However, several
studies reported on thermal side effects,
such as melting, cracking or carboniza-
tion when CO2 and Nd:YAG lasers were
used directly on root surfaces (Tewfik
et al. 1994, Wilder-Smith et al. 1995,
Tucker et al. 1996, Israel et al. 1997). In
case of the CO2 laser these negative
effects could be avoided when irradia-
tion was performed in a pulsed mode
with a defocussed beam (Barone et al.
2002). So far, there is limited informa-
tion about the effects of diode laser
radiation on the surface properties of
root surfaces. The results from recent
studies showed that this laser may also
cause damage to periodontal hard tis-
sues if irradiation parameters are not

Frank Schwarz1, Akira Aoki2, Jürgen
Becker1 and Anton Sculean3

1Department of Oral Surgery, Heinrich Heine

University, Düsseldorf, Germany; 2Division

of Periodontology, Department of Hard

Tissue Engineering, Tokyo Medical and

Dental University, Tokyo, Japan;
3Department of Periodontology, Radboud

University Medical Center, Nijmegen, The

Netherlands

Conflict of interest and source of
funding statement

The authors declare that they have no
conflict of interests.
The study was self-funded by the Depart-
ment of Oral Surgery, Heinrich Heine
University, Düsseldorf, Germany. The
laser devices that were used in the studies
of Schwarz et al. (2001, 2003a, b, c) and
Sculean et al. (2004) were borrowed from
KaVo Company, Biberach, Germany.
The 6th European Workshop on Perio-
dontology was supported by an unrestricted
educational grant from Straumann AG.

J Clin Periodontol 2008; 35 (Suppl. 8): 29–44 doi: 10.1111/j.1600-051X.2008.01259.x

29r 2008 The Authors
Journal compilation r 2008 Blackwell Munksgaard



adequate (Kreisler et al. 2002, Schwarz
et al. 2003c). Furthermore, CO2-,
Nd:YAG-, as well as diode lasers were
proven to be ineffective in removing
mineralized deposits from the root
surface (Tucker et al. 1996, Moritz
et al. 1998, Liu et al. 1999, Schwarz
et al. 2003c). Because, according to the
cause-related concept of periodontal
therapy, the main objective of treatment
is to remove all calcified deposits from
the root surface (O’Leary 1986), these
types of lasers should only be used as an
adjunct to mechanical periodontal treat-
ment. In recent years, close attention has
been paid to the clinical applicability of
the Er:YAG laser with a wavelength of
2940 nm in the near-infrared spectrum
(Ishikawa et al. 2004). Because of the
high absorption of its emission wave-
length by water, this laser system pro-
vides a capability to effectively remove
calculus from periodontally diseased
root surfaces without causing thermal
side effects to the adjacent tissue
(Aoki et al. 1994, Eberhard et al. 2003,
Schwarz et al. 2003c). The absence of
thermal damages was most likely due to
the optical characteristics of its wave-
length, because the Er:YAG laser theo-
retically has a 10 and 15,000–20,000
times higher absorption coefficient of
water than the CO2 and the Nd:YAG
lasers, respectively (Robertson &
Williams 1971, Hale & Querry 1973).
Most recently, 655 nm InGaAsP (indium
gallium arsenide phosphate) diode
laser radiation has been included in
an Er:YAG laser device to induce
fluorescence in subgingival calculus
(Folwaczny et al. 2002b, Krause et al.
2003). Preliminary clinical and histolo-
gical results have shown that fluores-
cence-controlled (feedback system)
Er:YAG laser radiation enabled an effec-
tive removal of subgingival calculus and
a predictable root surface preservation
in comparison with hand instruments
(Schwarz et al. 2006, Krause et al.
2007). Immunohistochemical character-
ization of wound healing following non-
surgical periodontal treatment revealed
that fluorescence-controlled Er:YAG
laser radiation was effective in control-
ling disease progression, and may sup-
port the formation of a new connective
tissue attachment (Schwarz et al. 2007).
To be suitable for clinical applications,
however, non-surgical periodontal treat-
ment using any type of laser device must
be proven to predictably result in sig-
nificant attachment level gains. There-
fore, the primary aim was to address the

following focused question: What is
the clinical effect of laser application
compared with mechanical debridement
in non-surgical periodontal therapy in
patients with chronic periodontitis? A
secondary aim was to survey the rele-
vant literature in relation to the safety of
laser applications.

Material and Methods
Search strategy

The PubMed database of the U.S.
National Library of Medicine and the
Cochrane Library of the Cochrane
Collaboration (CENTRAL) were used
as electronic databases to perform a
systematic review of the available lit-
erature. Screening was performed inde-
pendently by two reviewers (F. S. and
A. S.). Disagreement regarding inclu-
sion was resolved by discussion. The
Level of agreement between reviewers
was determined by k scores.

Search terms and key words included
‘‘periodontal treatment’’ AND ‘‘laser’’,
‘‘non-surgical periodontal treatment’’
AND ‘‘laser’’, ‘‘non surgical periodontal
treatment’’ AND ‘‘laser’’, ‘‘non-surgical
periodontal therapy’’ AND ‘‘laser’’,
‘‘non surgical periodontal therapy’’
AND ‘‘laser’’, ‘‘lasers in periodontics’’,
‘‘scaling and root planing ’’ AND
‘‘laser’’, ‘‘chronic periodontitis’’ AND
‘‘laser’’, ‘‘dental scaling’’ and ‘‘laser’’.

Additionally, the following journals
were searched manually between 1990
and December 2007:

Clinical Oral Implants Research,
Clinical Oral Investigations, The Inter-
national Journal of Periodontics and
Restorative Dentistry, Journal of Clinical
Laser Medicine and Surgery (until 2004),
Journal of Clinical Periodontology,
Journal of Dental Research, Journal of
Oral Laser Applications, Journal of
Periodontology, Journal of Periodontal
Research, Journal of Prosthodontics,
Lasers in Medical Science, Lasers in
Surgery and Medicine, Periodontal
Practice Today, Periodontology 2000,
Photomedicine and Laser Surgery, and
Quintessence International. Finally, the
references of all selected full-text articles
and related reviews were scanned. The
corresponding authors were contacted in
order to obtain missing, unclear or
unpublished data.

Study inclusion and exclusion criteria

Electronic search and title management
was accomplished using a commercial

software program (Endnote X1, Thom-
son, London, UK). The first stage of
study selection was based on the follow-
ing inclusion criteria:

(1) Publication in an international peer-
reviewed literature.

(2) English language.
(3) Randomized-controlled and/or com-

parative clinical studies using either
a parallel or a split-mouth design.

(4) Implementation of either hard or
soft laser applications for treatment
of chronic periodontitis.

(5) Initial and maintenance therapy of
chronic periodontitis.

(6) Presence of at least 10 patients in
respective test and control groups.

(7) Evaluation of either clinical and/or
microbiological/immunological data.

At the second stage of selection, all
full-text articles identified during the
first stage were acquired. During this
procedure, the pre-selected studies were
evaluated according to the following
additional exclusion criteria:

(1) no definition of inclusion and/or
exclusion criteria,

(2) periodontal treatment within the last
6 months,

(3) systemic antibiotics within the last 6
months,

(4) insufficient information on laser
device and energy settings.

Quality assessment of selected studies

A quality assessment of all selected
studies was performed according to the
revised recommendation of the CON-
SORT statement for the evaluation of
randomized-controlled trials (Moher
et al. 2001) (Table 1).

Quality assessment was performed in
two different phases. In particular, dur-
ing phase I quality assessment was
based on the published full-text article,
while in phase II all studies were recon-
sidered according to the supplementary
information provided by the correspond-
ing authors.

After forming the scores at the second
phase of quality assessment, an overall
estimation of plausible risk of bias (low,
moderate, or high) was performed for
each selected study. In brief, a low risk
of bias was estimated when all of the
criteria were met. A moderate risk was
considered when one or more criteria
were partly met, while a high risk of
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bias was estimated when one or more
criteria were not met (Cochrane Hand-
book for Systematic Reviews of Inter-
ventions, Version 4.2.6., http://www.
cochrane.org/resources/handbook).

Results

Study selection

A total of 1248 potentially relevant titles
and abstracts were found during the
electronic and manual search. During
the first stage of study selection, 1226
publications were excluded based on
title and abstract (inter-reviewer agree-
ment k 5 0.94). For the second phase,
the complete full-text articles of the
remaining 18 publications were thor-
oughly evaluated. A total of six papers
(Ben Hatit et al. 1996, Neill & Mellonig
1997, Moritz et al. 1998, Liu et al. 1999,
Sjöstrom & Friskopp 2002, Borrajo
et al. 2004) had to be excluded during
this stage of selection due to a lack
of inclusion/exclusion criteria (inter-
reviewer agreement k 5 0.91) (Table 2).

Finally, a total of 12 publications (11
studies) (Schwarz et al. 2001, 2003a, b,
Yilmaz et al. 2002, Miyazaki et al. 2003,
Sculean et al. 2004, Ambrosini et al.
2005, Kreisler et al. 2005, Qadri et al.
2005, Tomasi et al. 2006, Crespi et al.
2007, Derdilopoulou et al. 2007) ful-
filled the selection criteria required for
the present review (Table 3).

Subdivision of selected studies

All selected studies were subdivided
according to the respective laser wave-
lengths investigated (Tables 3 and 4):

� Seven publications reported on the
short- and long-term clinical and
microbiological outcome following
initial and maintenance therapy of
chronic periodontitis using an Er:
YAG laser (2940 nm) (Schwarz et al.
2001, 2003a, b, Sculean et al. 2004,
Tomasi et al. 2006, Crespi et al. 2007,
Derdilopoulou et al. 2007); however,
Schwarz et al. (2001, 2003b) reported
on the same study population.

� One study evaluated the short-term
clinical, microbiological and immu-
nological effects of initial therapy
using an CO2 laser (10,600 nm),
or an Nd:YAG laser (1064 nm)
(Miyazaki et al. 2003).

� One study reported on the short-term
clinical and microbiological out-
come of adjunctive initial treatment
using Nd:YAP (neodymium doped:
yttrium aluminium and perovskite)
(1340 nm) laser radiation (Ambrosini
et al. 2005).

� One study evaluated the short-term
clinical effects of adjunctive diode
(809 nm) laser application during
initial treatment (Kreisler et al. 2005).

� Two studies reported on the short-
term clinical and microbiological out-
come of adjunctive low-level diode
laser (635, 685, 820 nm) application
during initial treatment (Yilmaz et al.
2002, Qadri et al. 2005).

Quality assessment of selected studies

The results of the quality assessment of
all selected studies before and after
contact with the corresponding authors
are presented in Table 5. In particular, a
sample size calculation (A) was merely
performed in 7 out of 12 studies. Infor-
mation on the randomization and alloca-
tion concealment method (B) was
originally reported in only two studies.
However, additional information was
provided in further five studies after
contacting the authors. A total of three
studies provided insufficient informa-
tion on the definition of inclusion/
exclusion criteria (C). The completeness
of follow-up was not reported in three
studies (D). However, all studies ful-
filled the remaining criteria E, F and
G. Just one study enrolled a relatively
small sample size of 10 patients (Yilmaz
et al. 2002). The risk of bias before
contact with the authors was estimated
to be low for one and high for 11 out of
the total number of 12 studies (inter-
reviewer agreement k 5 1.0). After con-
tact with the authors, the risk of bias was
estimated to be low for two, moderate
for five and high for five out of the total
number of 12 studies (inter-reviewer
agreement k 5 1.0) (Table 5).

Non-surgical periodontal treatment using
CO2- and Nd:YAG laser radiation

One randomized-controlled clinical trial
compared the effect of CO2- and
Nd:YAG laser monotherapy with that
of ultrasonic scaling (Miyazaki et al.

Table 1. Categories to assess the quality of finally selected studies (Moher et al. 2001)

Category Description Grading

A Sample size calculation, estimating the
minimum number of participants required
to detect a significant difference among
compared groups

0 5 did not exist/not mentioned/not
clear
1 5 was reported, but not confirmed
2 5 reported and confirmed

B Randomization and allocation concealment
methods

0 5 clearly inadequate
1 5 possibly adequate
2 5 clearly adequate

C Clear definition of inclusion and/or
exclusion criteria

0 5 no
1 5 yes

D Completeness of follow-up (specified
reasons for withdrawals and dropouts in
each study group)

0 5 no/not mentioned/not clear
1 5 yes/no withdrawals or dropouts
occurred

E Experimental and control groups
comparable at study baseline for important
prognostic factors

0 5 no
1 5 unclear/possibly not
comparable for one or more
important prognostic factors
2 5 clearly adequate

F Presence of masking 0 5 no
1 5 unclear/not complete
2 5 yes

G Appropriate statistical analysis 0 5 no
1 5 unclear/possibly not the best
method applied
2 5 yes

Table 2. Excluded studies at the second stage of selection and the reason for exclusion

Study Reason for exclusion

Ben Hatit et al. (1996)
Neill & Mellonig (1997)
Mortiz et al. (1998) No definition of inclusion and/or exclusion criteria
Sjstrom & Friskopp (2002)
Borrajo et al. (2004)
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2003). While CO2 laser irradiation for
pocket treatment was performed on the
external surface of the marginal gingiva,
Nd:YAG laser treatment was accom-
plished by inserting the contact optic
fibre into the periodontal pocket. Clin-
ical, microbiological, and immunologi-
cal (IL-1b) data were assessed at
baseline and after 1, 4 and 12 weeks of
healing. All treatment procedures
resulted in significant probing pocket
depth (PD) reductions. However, a
significant reduction of mean bleeding
on probing (BOP) scores as well as a
clinical attachment level (CAL) gain
was only observed in the Nd:YAG –
and ultrasonic scaling groups. Similarly,
both treatment procedures revealed sig-
nificant improvements with respect to
the microbiological and immunological
parameters, while these values remained
unchanged in the CO2 laser-treated
group. Most of the clinical and micro-
biological changes occurred during the
first week after treatment (Table 4a).

The authors did not report on the
post-operative healing in specific groups
(i.e. adverse events that might be related
to laser treatment) (Miyazaki et al.
2003).

Non-surgical periodontal treatment using
809 nm diode laser radiation

One study reported on the clinical effect
of diode laser (809 nm) radiation as an
adjunct to scaling and root planing
(SRP) (Kreisler et al. 2005). All patients
received conventional SRP using hand
instruments that were randomly com-
bined with either GaAlAs diode laser
radiation or rinsing with saline. After
3 months of healing, adjunctive laser
treatment resulted in a significantly
higher reduction in tooth mobility, PD,
and CAL. Mean BOP reduction was not
significantly different between groups
(Table 4b). The authors did not report
on the post-operative healing in specific
groups (i.e. adverse events that might be
related to laser treatment).

Non-surgical periodontal treatment using

Er:YAG laser radiation

A total of seven randomized-controlled
clinical trials reported on the use of an
Er:YAG laser for initial (Schwarz et al.
2001, 2003a, b, Sculean et al. 2004,
Crespi et al. 2007, Derdilopoulou et al.
2007) and maintenance (Tomasi et al.
2006) therapy of chronic periodontitis
(Table 4c). Most of these studies wereQ
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performed using the same laser device
(with or without a feedback system),
fibre tips, and energy settings. Laser
treatment was commonly performed
from coronal to apical in parallel paths,
with a recommended inclination of the
fibre tip of 15–201 to the root surface
(Folwaczny et al. 2001). Moreover, all
studies on initial therapy clearly
reported on a calibration procedure of
the examiners.

In the first study, Schwarz et al.
(2001) compared the Er:YAG laser
(without a feedback system) with SRP
using hand instruments. Clinical assess-
ments of plaque index (PI), gingival
index (GI), BOP, PD, gingival recession
(GR), and CAL were performed before
and at 3 and 6 months after treatment.
Additionally, subgingival plaque sam-
ples were taken at each appointment and
analysed using dark-field microscopy
for the presence of cocci, non-motile
rods, motile rods, and spirochetes. The
laser treatment required a shorter time
than the control treatment. At 3 and
6 months, both treatment procedures
resulted in significant improvements of
all the clinical parameters investigated.
However, at 3 and 6 months, the reduc-
tion of the mean BOP score and the
CAL improvement was significantly
higher in the laser group than in the
SRP group. Both groups showed a sig-
nificant increase of cocci and non-motile
rods and a decrease in the amount of
motile rods and spirochetes. No signifi-
cant differences were observed between
both groups (Table 4c).

The follow-up observation of the
same patients over a period of 24
months revealed comparable results in
both groups (Schwarz et al. 2003b). In
particular, both treatment procedures
resulted in significant PD reductions
and CAL gains at 12 and 24 months.
Initially, deeper pockets (47 mm)
showed the greatest PD reduction and
CAL gain in both groups. Statistical
analysis showed a significant difference
for mean BOP score and CAL improve-
ment at both 12- and 24-month examina-
tions. A slight, statistically insignificant
loss of mean CAL was observed between
the 1- and 2-year evaluation period.
Both treatment procedures resulted in a
significant reduction of spirochetes and
a significant increase of cocci and non-
motile rods at 12 months. However, the
number of motile rods at the 1- and
2-year examinations was almost identi-
cal to the baseline score in both groups.
After 2 years, increasing percentages ofQ
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spirochetes and decreasing percentages
of cocci and non-motile rods could be
observed in both treatment groups. No
significant differences were found
between groups (Table 4c).

Using the same study design and
inclusion criteria, Sculean et al. (2004)
compared the effectiveness of fluores-
cence-controlled Er:YAG laser radiation
(threshold level 5 [U]) with that of ultra-
sonic instrumentation for non-surgical
periodontal treatment. At 6 months
following treatment, the mean values
of BOP, PD, and CAL improved sig-
nificantly in both groups. However, no
significant differences in the clinical
parameters investigated were observed
between both treatment modalities
(Table 4c).

Crespi et al. (2007) compared the
effects of an Er:YAG laser without a
feedback system with that of an ultra-
sonic device over a period of 24 months.
The amount of time that was needed for
root surface instrumentation was com-
parable in both groups. A significant PD
reduction and CAL gain were observed
in both groups at 3, 12, and 24 months.
However, at both initial PDs of 5–6 and
47 mm, laser treatment resulted in a
significant higher PD reduction and
CAL gain compared with the control
group (Table 4c).

In another study, Schwarz et al.
(2003a) evaluated the combined use of
an Er:YAG laser (without feedback),
followed by SRP using hand instru-
ments in comparison with Er:YAG laser
treatment alone. At 3, 6, and 12 months,
both treatment procedures resulted in
significant improvements of all clinical
parameters investigated. Initially, dee-
per pockets (47 mm) showed the great-
est PD reduction and CAL gain in both
groups. However, no statistically signif-
icant differences were observed between
root surfaces treated by the two methods
of instrumentation. Both groups showed
a significant increase of cocci and non-
motile rods and a decrease in the number
of motile rods and spirochetes at 3
months. No significant differences have
been observed between the two treat-
ment procedures. After 6 and 12 months,
increasing percentages of motile rods and
spirochetes and decreasing percentages
of cocci and non-motile rods were found
in both groups (Table 4c).

Derdilopoulou et al. (2007) evaluated
and compared the microbiological
effects of SRP, Er:YAG laser with feed-
back (threshold level 5 [U]), sonic,
and ultrasonic scalers in patients withT
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chronic periodontitis over a period of
6 months. After 3 months of healing, all
treatment procedures resulted in a sig-
nificant reduction of Porphyromonas
gingivalis (P.g.), Prevotella intermedia
(P.i.), Tannerella forsythia (T.f.), and
Treponema denticola (T.d.). However,
laser and sonic instrumentation failed to
reduce Aggregatibacter actinomycetem-
comitans (A.a.). After 6 months of
healing, significant differences were still
detected for P.g. (Laser and Ultrasonic
group), for P.i. and T.f. (Sonic group),
and for T.d. (Laser, Sonic, and Ultra-
sonic group). Patients rated ultrasonic
treatment as more preferable than hand
and laser instrumentation (Derdilopoulou
et al. 2007) (Table 4c).

One study reported on the short-term
clinical and microbiological outcome of
a feedback-controlled Er:YAG laser
(threshold level 5 [U]), and an ultrasonic
device during periodontal maintenance
therapy (Tomasi et al. 2006). Clinical
parameters were recorded at baseline, as
well as 1 month and 4 months after
treatment, while microbiologic analysis
of subgingival plaque samples was per-
formed at baseline, 2 days, and 30 days
after treatment. In particular, after 1
month of healing, the mean PD reduc-
tion and CAL gain was significantly
higher in the laser group compared
with the control group. A significant
difference between groups could no
longer be observed at the 4-month
examination. Both treatment procedures
resulted in a significant reduction of the
subgingival microflora; however, no sig-
nificant differences were observed
between groups at each time point
investigated. The degree of discomfort
immediately after treatment was signifi-
cantly lower in the laser-treated group.
However, there was no difference
between groups during the post-treat-
ment phase of 1 month (Tomasi et al.
2006) (Table 4c).

Four out of these studies clearly
stated that the post-operative healing
following Er:YAG laser radiation was
considered to be uneventful in all cases
(Schwarz et al. 2001, 2003a, b, Sculean
et al. 2004). Tomasi et al. (2006)
reported on a tendency towards an
increased prevalence of dentin sensitiv-
ity in both laser and control groups.

Non-surgical periodontal treatment using
Nd:YAP laser radiation

One study reported on the short-term
clinical and microbiological outcomes

subsequent to the adjunctive use of an
Nd:YAP laser (Ambrosini et al. 2005).
In particular, after 3 months of healing,
both SRP1laser as well as SRP alone
resulted in significant reductions of
mean BOP scores and gains of CAL.
However, the differences between
both groups were not significant. More-
over, both treatment procedures failed
to reduce bacterial load successfully
(Table 4d).

The authors did not report on the
post-operative healing in specific groups
(i.e. adverse events that might be related
to laser treatment). Evaluation of post-
operative pain did not reveal any differ-
ences between the groups.

Non-surgical periodontal treatment using
low-level diode laser (635, 685, 820 nm)

radiation

Two studies reported on the effect of
low-level diode laser application used
either as monotherapy or as an adjunct
to conventional SRP procedures
(Yilmaz et al. 2002, Qadri et al. 2005).

In the first study, Yilmaz et al. (2002)
randomly evaluated a repeated applica-
tion of either SRP1GaAs (gallium
arsenide) diode laser radiation, SRP
alone, laser treatment alone, or supra-
gingival oral hygiene instructions in
only 10 patients. Methylene blue dye
served as a photosensitizer and was used
as a mouthrinse. Laser irradiation was
performed over each papillary region
repeatedly. Clinical and microbiological
parameters were assessed after 32 days
of healing. Significant clinical and
microbiological improvements were
only observed in the SRP1Laser and
SRP groups. In contrast, laser treatment
alone as well as oral hygiene instruc-
tions did not reach statistical signifi-
cance. The authors clearly stated that
there were no complaints such as
discomfort, sensitivity, or pain from
subjects immediately after laser irradia-
tion as well as 3 weeks post-therapy
(Table 4e).

Qadri et al. (2005) evaluated the
additional treatment with combined
low-level diode laser applications. Con-
ventional SRP was combined with either
InGaAIP (indium gallium aluminium
phosphide)1GaAlAs (gallium alumi-
nium arsenide) diode laser radiation or
placebo laser application. Laser treat-
ment on the external surface of the
gingiva was performed once a week
for 6 weeks. Significantly highest mean

PD reductions and decreases of gingival
crevicular fluid were observed in the
SRP1Laser group. However, no differ-
ences between groups were observed
with respect to elastase activity, IL-1b
concentration, and the microbiological
analyses. The authors did not report on
the post-operative healing in specific
groups (i.e. adverse events that might
be related to laser treatment) (Table 4e).

Meta-analysis

Because of the limited number and high
heterogeneity among the selected stu-
dies (i.e. different laser wavelengths,
energy settings, and fibre tips, a variety
of observation periods, and primary
outcome variables), a meta-analysis
was not appropriate.

Discussion

The present review attempted to system-
atically evaluate any available rando-
mized-controlled and/or comparative
clinical study on non-surgical perio-
dontal treatment using different types
of laser wavelengths between 1990 and
December 2007. The question was
focussed on the clinical effect of laser
application compared with mechanical
debridement in non-surgical periodontal
therapy in patients with chronic perio-
dontitis. A secondary aim was to survey
the relevant literature in relation to the
safety of laser applications. Quality
assessment of the selected studies was
performed according to the revised
recommendation of the CONSORT
statement, and the selected criteria
A-G corresponded to items 7, 9, 3, 13,
15, 11, and 12 of the checklist (Moher
et al. 2001).

In general, the systematic review of
the literature revealed that there are
currently only 12 randomized, con-
trolled, and/or comparative clinical
trials available investigating the use of
six different types of laser wavelengths
for non-surgical periodontal therapy. In
this context, it must be emphasized that
due to a heterogeneity with respect to
the study design, observation periods,
laser devices, reported energy settings,
and modes of laser application, a meta-
analysis was considered to be inap-
propriate.

In particular, only one randomized-
controlled clinical trial compared the
effect of CO2 and Nd:YAG laser mono-
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therapy with that of ultrasonic scaling
(Miyazaki et al. (2003). Interestingly,
CO2 laser irradiation was performed on
the external surface of the marginal
gingiva due to the unavailability of an
adequate contact probe (Miyazaki et al.
2003). Because, the main objective of
periodontal treatment is related to the
removal of calcified deposits from the
root surface (O’Leary 1986), it might be
hypothesized that this specific mode of
application was mainly responsible for
the low clinical outcome in the CO2

laser-treated group. When interpreting
the observation that no significant dif-
ference was observed between the three
groups; however, it should also be noted
that previous studies clearly indicated
that both types of lasers were not able to
achieve root surface debridement to a
satisfactory degree. This was mainly
due to an insufficient ability to remove
calcified deposits and distinct root sur-
face alterations induced by heat genera-
tion during irradiation with both types of
lasers (Aoki et al. 2004).

Only one study reported on the clin-
ical effect of diode laser (809 nm) radia-
tion as an adjunct to SRP (Kreisler et al.
2005). The results seem to indicate that
the adjunctive use of 809 nm diode laser
radiation might have a positive influence
on wound healing following SRP. The
authors speculated that the positive
results obtained in the laser group might
be related to a de-epithelization of the
periodontal pockets, leading to an
enhanced connective tissue attachment.
However, there are currently no experi-
mental studies available aimed at histo-
logically evaluating periodontal wound
healing following application of 809 nm
diode laser radiation. In this context,
it must also be emphasized that this
specific wavelength is well absorbed in
haemoglobin. In particular, previous
studies have clearly indicated that in
the presence of blood, 809 nm diode
laser radiation (power output of 1–
1.8 W) commonly caused severe thermal
damages to the root surface (Kreisler
et al. 2002, Schwarz et al. 2003c). This
might be particularly true for inflamed
periodontal pockets subsequent to an
SRP procedure. Therefore, from a clin-
ical point of view, it might be recom-
mended to apply diode laser radiation
either after a thorough irrigation of the
respective pocket or after a latency of
1–2 days.

A major part of the selected rando-
mized-controlled clinical trials com-
pared Er:YAG laser monotherapy with

conventional treatment procedures for
either initial (Schwarz et al. 2001,
2003a, b, Sculean et al. 2004, Crespi
et al. 2007, Derdilopoulou et al. 2007)
or maintenance (Tomasi et al. 2006)
therapy of chronic periodontitis.

In particular, it was observed that
Er:YAG laser monotherapy (without
feedback) resulted in significant
improvements of all the clinical and
microbiological parameters investi-
gated. These positive results were main-
tained over a period of up to 2 years
(Schwarz et al. 2003b). Statistical ana-
lysis revealed a significant difference for
the mean BOP score and CAL improve-
ment at 3-, 6-, 12-, and 24-month exam-
inations (Schwarz et al. 2001, 2003b). In
this context, however, it is important to
emphasize that in both test and control
groups, a slight, statistically insignifi-
cant loss of mean CAL was observed
between the 1- and the 2-year evaluation
period (Schwarz et al. 2003b). The
authors speculated that this change
might be explained in both treatment
groups by the higher mean PI values,
which were higher than the respective
baseline values. Even though at 2 years
the increase in PI, GI, and BOP did not
reach statistical significance compared
with baseline and with the 1-year scores,
it was not possible to estimate to what
extent the plaque accumulation might
have led to inflammation and subse-
quently a loss of CAL (Schwarz et al.
2003b). This observation might also be
supported by the microbiological
results, indicating that in both groups a
re-colonization of the periodontal pocket
was evident between 3 and 6 months of
healing (Schwarz et al. 2001, 2003b).
Comparable clinical and microbiologi-
cal results were also observed when
Er:YAG laser radiation (without feed-
back) was followed by SRP, indicating
that the combined treatment approach
did not seem to improve the outcome of
the therapy additionally (Schwarz et al.
2003a).

These observations are also supported
by the microbiological findings reported
by Derdilopoulou et al. (2007), because
all the treatment procedures investigated
(SRP, Er:YAG laser with feedback,
sonic, and ultrasonic devices) resulted
in a comparable reduction of the micro-
biological parameters at 3 and 6 months.
All these findings, taken together with
the results reported by Schwarz et al.
(2001, 2003b), seem to indicate that
Er:YAG laser radiation may not have
any beneficial effect on the microbiolo-

gical level compared with conventional
treatment procedures. This observation
might be particularly true for an obser-
vation period of 3–24 months. However,
the results of a previous study have also
shown that immediately following treat-
ment, the Er:YAG laser also failed to
significantly reduce the amount of per-
iodontopathogens in comparison with
SRP (Eberhard et al. 2003).

Significant clinical improvements
were also observed when Er:YAG laser
monotherapy was compared with ultra-
sonic instrumentation (Sculean et al.
2004, Crespi et al. 2007). While Sculean
et al. (2004) revealed no significant
differences between groups at 3- and
6-month observation periods, Crespi
et al. (2007) reported that laser treat-
ment resulted in a significantly higher
PD reduction and CAL gain at both
initial PDs of 5–6 and 47 mm after 3,
12, and 24 months. There might be
several reasons to explain this differ-
ence. First of all, it must be realized that
both studies used different ultrasonic
and laser devices. Moreover, in contrast
to Schwarz et al. (2001, 2003b), Sculean
et al. (2004) used a fluorescence-
controlled Er:YAG laser device. The
threshold value for the feedback system
was set at 5 [U], as recommended by
the manufacturer. However, the results
of a recent study have indicated that
the amount of residual calculus on
periodontally diseased root surfaces
depended on the laser fluorescence
threshold level. In particular, by low-
ering the threshold levels, the amount of
residual calculus decreased significantly
(Krause et al. 2007). Accordingly, it
might be hypothesized that the sites
treated in the study of Sculean et al.
(2004) exhibited higher amounts of
bacterial deposits than the sites treated
by Schwarz et al. (2001, 2003b) or
Crespi et al. (2007), where no feedback
system was used.

Only one study reported on the short-
term clinical and microbiological
outcome of a feedback-controlled Er:
YAG laser and an ultrasonic device
during periodontal maintenance therapy
(Tomasi et al. 2006). While after
1 month of healing, mean PD reduction
and CAL gain was significantly higher
in the laser group, a significant differ-
ence between groups could not be
observed at the 4-month examination.
The observation that no significant dif-
ferences were observed between groups
with respect to the subgingival micro-
flora is in agreement with the above-
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referenced studies (Schwarz et al. 2001,
2003a, b, Derdilopoulou et al. 2007).
From a clinical point of view, it must
be emphasized that the degree of treat-
ment discomfort scored significantly
lower for the laser than the control
treatment modality (Tomasi et al. 2006).

All these data seem to indicate that
the Er:YAG laser used at the documen-
ted energy settings seems to be an
appropriate treatment procedure for the
initial and maintenance therapy of
chronic periodontitis. This was evi-
denced by significant PD reductions
and CAL gains over short- and long-
term observation periods of up to
24 months. However, considering the
fact that this wavelength consistently
failed to improve the microbiological
outcomes of treatment additionally,
coupled with the fact that this Er:YAG
laser device was either used with or
without a feedback system, it seems
that a greater number of well-designed
randomized-controlled clinical trials are
required in order to demonstrate a poten-
tial clinical difference between groups. In
this context, it must also be emphasized
that most of these studies were per-
formed according to a split-mouth design
(Schwarz et al. 2001, 2003a, b, Sculean
et al. 2004, Tomasi et al. 2006, Crespi
et al. 2007). Unfortunately, comparisons
made on a within-patient basis have
potential disadvantages, because treat-
ments may have effects on experimental
sites other than those they were assigned
to (carry-across effects). Unless a priori
knowledge indicates that no carry-
across effects exist, reported estimates
of treatment efficacy are potentially
biased (Hujoel & DeRouen 1992).

Only one study reported on the short-
term clinical and microbiological out-
comes subsequent to the adjunctive use
of an Nd:YAP laser (Ambrosini et al.
2005). The reported findings and consid-
eration of the fact that the influence of
Nd:YAP laser radiation on the removal of
bacterial deposits as well as the morphol-
ogy and biocompatibility of periodontally
diseased root surfaces is currently rather
unknown might lead to the conclusion
that this type of laser wavelength seems
to be of low importance for non-surgical
periodontal therapy.

Two studies reported on the effect of
low-level diode laser application used
either as monotherapy or as an adjunct
to conventional SRP procedures
(Yilmaz et al. 2002, Qadri et al. 2005).
When interpreting these results, it must
be kept in mind that the observation

periods in both studies were rather short,
and therefore the stability of the positive
effects over time cannot be estimated.
Moreover, it has to be noted that the
effects of low-level laser radiation in
general are far from being understood. It
might be speculated that GaAlAs radia-
tion within the milliwatt range might
have a positive influence on the prolif-
eration of periodontal ligament fibro-
blasts and subsequently on periodontal
wound healing (Kreisler et al. 2003).
Therefore, a greater number of well-
designed randomized-controlled clinical
trials over a longer period of time may
be required in order to evaluate the
adjunctive use of low-level diode laser
radiation during non-surgical perio-
dontal therapy.

A secondary aim of the present sys-
tematic review was to survey the relevant
literature in relation to the safety of laser
applications. Unfortunately, only six out
of 11 studies reported on adverse effects
following laser application (five studies
Er:YAG laser; one study: GaAs diode
laser). For Er:YAG laser treatment, post-
operative wound healing was considered
to be uneventful in all the cases (Schwarz
et al. 2001, 2003a, b, Sculean et al. 2004),
or associated with an increased preva-
lence of dentin sensitivity. This increased
sensitivity was comparable to that noted
for the control group (Tomasi et al.
2006). For the adjunctive application of
GaAs diode laser radiation, Yilmaz et al.
(2002) reported that there was no greater
discomfort, sensitivity, or pain compared
with SRP during the observation period
of 3 weeks. Because an improper laser
application bears a potential risk of tissue
destruction including thermal injury to
the root surface, gingival tissue, pulp, and
the adjacent alveolar bone (Aoki et al.
2004), there is a need to properly report
on any adverse side effects that might be
associated with laser application.

Conclusions

A meta-analysis could not be performed
due to the heterogeneity of the studies
and, therefore, a narrative synthesis
allows the following limited conclusions:

� Er:YAG laser application in non-
surgical periodontal therapy com-
pared with mechanical debridement
resulted in similar clinical out-
comes, both in the short and the
long term (up to 24 months), in
patients with chronic periodontitis.

However, issues related to the design
and power of a limited number of
studies prevent us from making defi-
nite conclusions.

� There is insufficient evidence to
support the clinical application
of either CO2, Nd:YAG, Nd:YAP,
or different diode laser wavelengths.

� Limited available information on the
safety of different laser therapies is
provided in the assessed literature.
With the wavelengths and power
settings used, no major adverse
effects were reported.
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Clinical Relevance

Scientific rationale for the study: A
systematic review of randomized-
controlled and/or comparative clini-
cal studies was conducted in order to
evaluate the effectiveness of various
laser types for non-surgical perio-
dontal treatment.

Principal findings: Most evidence is
available for Er:YAG laser applica-
tion, suggesting that on either a
short- or a long-term observation
period of up to 24 months, this
device might serve as an alternative
treatment procedure.

Practical implications: Currently, a
beneficial clinical, microbiological/
immunological effect of various
types of laser wavelengths over con-
ventional treatment procedures might
not be expected.
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