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ABSTRACT

Aim The present narrative review aimed to shed light on the
use of laser systems for gingival retraction procedures necessary
for the exposure of iuxta- and sub-gingival finish lines before
impression making in fixed prosthodontics.

Methods An extensive search of the literature was made on
the electronic databases of Pubmed (Medline), Scopus, Embase,
Google Scholar, Dynamed, and Open Grey. No limitations were
applied to the date of publication. The following keywords and
MeSH terms were used: “gingiva”, “displacement”, “troughing”,
“retraction”, and “laser”.

Results Out of 344 studies found, 25 records were included for
review. Laser systems are efficient in gingival retraction, allowing
better intraoperative haemostasis control and postoperative
patient comfort than other surgical troughing procedures. Laser-
mediated gingival displacement seems to be safe particularly in
the case of thick gingival biotype.

Conclusions As regards laser-related issues in prosthodontics
such as pre-setting protocols of laser devices, the best laser
system in gingival retraction, their use around implants and
effectiveness compared to other troughing systems, further in
vitro, in vivo, and randomized controlled trial studies are needed.

INTRODUCTION

The accuracy of the marginal fit of a fixed prosthesis
mainly depends on the detection of the finish line of
the tooth to be restored. This is possible by making an
impression of the finish line, which, if subgingival, can
be shown through the retraction of the gingiva itself.
This gingival retraction must take place both apically and
laterally, to allow accurate registration of all the details
of the finish line through the use of impression materials
or intraoral scanners. A minimum lateral displacement
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of approximately 0.2 mm is mandatory to allow the
impression material to flow within the sulcus with
proper dimensional accuracy (1). Furthermore, retraction
procedures must take place in a way that does not injure
the basal cell layer and connective tissue cells, in order
to avoid tissue changes and shrinkage of the gingiva (1).
Various gingival retraction systems have been described
in the literature, which are as follows.
1. Mechanical systems, such as retraction cords or pastes.
2.Chemomechanical systems, with cords impregnated
with hemostatic solutions.
3.Surgical procedures, such as gingivectomy or
electrosurgery based on the use of electrotomes.
4.laser surgery involving diode lasers, neodymium-
doped yttrium-aluminum-garnet (Nd:YAG), erbium-
doped yttrium-aluminum-garnet (Er:YAG), erbium,
chromium-doped  yttrium-scandium-gallium-garnet
(Er,Cr:YSGG), and CO, laser systems (2-4).
Several investigations confirmed the effectiveness of laser
systems in gingival retraction (1,4-6), through the removal
of about 200 pm epithelium thickness from the sulcus (4),
as a painless, simple, and convenient procedure (5).
The characteristics of the several types of laser systems
are related to waveforms and wavelength (7).
Lasers are based on a high-powered focused beam
operating by photo-ablation that causes tissue
vaporization at 100-150 °C and they incise tissues without
hemorrhage and by fast healing with no inflammation
and pain (7-8).
A survey of 696 dentists in the USA and Canada reported
that 929% of them use gingival displacement cords, while
20.2% use laser systems and 320 electrosurgery as an
adjunct for gingival troughing (9).
To date, the effectiveness of laser technologies in gingival
retraction is clear, but despite their use in this procedure,
there are still many points to be clarified. The first is:
what are the disadvantages and advantages related to
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the use of lasers compared to other systems for gingival
retraction. Moreover, it should be investigated whether
laser is better than other gingival retraction methods.
Lastly: what is the best type of laser for gingival retraction
and how to set them.

The purpose of the present narrative review is to shed
light on the use of dental lasers for gingival retraction
procedures, in particular, the pre-setting of laser devices,
advantages and disadvantages of laser retraction devices,
and the comparison with other gingival retraction systems.

METHODS

Search strategy

An electronic literature search was performed using the
following databases: Medline (using PubMed), Scopus,
Embase, Google Scholar, Dynamed, and Open Grey.
Articles published up to August 31 2021, were considered.
The electronic search was conducted using keywords and
MeSH terms connected by the Boolean operators “AND",
"OR":

* (gingiva AND displacement AND laser);

* (gingiva AND displacing AND laser);

* (gingiva AND troughing AND laser);

* (gingiva AND retraction AND laser).

Only with the Google Scholar database, the following
combination was used: (gingiva) and (retraction or
displacement or displacing or troughing) and (laser).

To avoid the lack of relevant papers, the authors examined
the reference lists of the identified records.

In the present literature search, no time limits were
considered for the year of publication of the records.

Inclusion and exclusion criteria

Studies were deemed suitable for the present review if
they met the following inclusion criteria: 1) studies in
which at least one laser system was used or tested for
gingival retraction, 2) in vivo or in vitrostudies, systematic
reviews, or case reports, and 3) studies published in
English language.

Exclusion criteria were: non-human animals in vivo studies,
and studies published in languages other than English.

Data extraction

According to the inclusion criteria, 3 calibrated
researchers independently selected the studies reading
the titles, abstracts, and keywords. The full text of each
identified article was read to decide if it was suitable for
inclusion. A majority criterion (i.e., 2 out of 3) was used in
the case of disagreement among the investigators.

RESULTS

Study selection
The search strategy produced 344 records, many of

which were duplicates, 49 from PubMed/Medline,
49 from Scopus, 44 from Embase, 202 from Google
Scholar, and 0 from both Dynamed and Open Grey. All
the duplicates were discarded, thereby all the selected
databases produced 164 records. After evaluating titles,
abstracts, and keywords, the reviewers deleted 121
papers that did not meet the inclusion criteria. After a
full-text analysis of the remaining 43 papers, 18 more
were discarded because they did not provide any useful
information about laser systems for gingival retraction.
The remaining 25 records were included in the present
review. No systematic reviews were found.

The literature search was concluded in August 2021,
and the papers included in the present review were
published between 1995 and 2019.

Among the search investigators, no disagreement was
reported.

The workflow of the paper screening process followed
the “PRISMA 2009 Flow Diagram” (10) (Fig. 1).
Advantages and disadvantages, indications, and
contraindications

Several advantages can be related to the use of dental
laser systems for gingival retraction.

First of all, the reduced bleeding during laser-surgical
procedures (4,7,11-13) and postoperative hemostasis (3-
4,14), both determined by coagulation through tissue
vaporization, should be considered. Besides, the reduced
intra-operative bleeding is accompanied by minor
mechanical trauma (13), which favors less postoperative
swelling and scarring (13). It is worth noticing that
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FIG. 1 PRISMA (10) search workflow.
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laser-induced surgical wounds heal with secondary
intention, and incision lines display disorganized
fibroblast alignment. This helps to preserve gingival
margin heights by reducing tissue shrinkage caused by
scarring (7).

The characteristic hemostasis of laser technologies
facilitates the procedure for impression making on
multiple abutments. This is very important because, in
the case of zirconia frameworks that are becoming more
and more popular (15), greater accuracy of impressions
is required than those in metal alloy, as zirconia cannot
be soldered to compensate for the inherent imprecision
in impressions (16). Moreover, thanks to coagulation
properties, laser systems are helpful for digital scanning
in order to provide a dry and clear surface for the
scanning procedure (2).

Differently from electrocoagulation, lasers technology
provides a reduced collateral heat generation (4) on soft
and hard tissue, also with control of heat transfer to
adjacent tissues (14).

Generally, the procedure of gingiva displacement seems
to be relatively painless (3,13,17), improving patient
comfort (4,11-12).

Finally, it should be considered that laser systems could
be effectively managed not requiring local anesthesia
for gingival troughing, especially in the case of gingival
hypertrophied tissues (8).

Despite the many advantages related to laser-mediated
gingival retraction, it should be considered that this
procedure is technique sensitive (13,17), without tactile

feedback (18). Also, it is complicated to visualize the
laser beam, due to the cooling water (18) and exposure
of the prosthetic crown margins and tissue shrinkage
could occur when overused (8).

Trainor et al. suggested to not use laser systems on thin
gingiva in order to avoid recession (19). Additionally,
differently from the CO, laser, Nd:YAG systems are not
recommended on peri-implant soft tissues because the
implant surfaces tend to absorb heat and transport it
towards bone tissues (20-21). Indeed, unlike other lasers,
the technology behind CO, lasers has water as the prime
chromophore which bounces off metal surfaces. Close to
metal implant surfaces, CO, lasers absorb little energy,
with only minimal temperature increase (<3 °C), minor
collateral damage, and without altering the structure
of implant surfaces. CO, lasers uncover the implant
margins by creating a trough by excision instead of
displacing soft tissues (22). Hence, if they are adopted
around deeply positioned implants, significant defects
may occur (17,21). Also 2.940 nm Er:YAG lasers could be
considered reasonably safe because their wavelengths are
reflected on metal implant surfaces also with a minimum
penetration of the soft tissues, but its hemostasis is not
as efficient as that of CO, lasers (21).

Pre-setting of laser devices

Laser devices have preset parameters based on the type
of dental procedure to be performed, but at the same
time, it is possible to customize these settings (2).
Several protocols were described in the literature for

REFERENCE LASER SYSTEM (WAVELENGTH) | POWER (W) MODE FREQUENCY (HZ) DIA;EEERTEEIW

Dawani et al. 2016 (1) Diode Laser (810 nm) 0.8 Continuous 25.000 400
Marsch 2013 (2) Diode laser (970 nm) 2.0 Pulsed 20 320
Krishna et al. 2013 (4) Diode Laser (980 nm) 0.8 Continuous

Goutham et al. 2018 (6) Eﬁd;tiisﬁ;g;vave'ength 0.8 Continuous 25.000 400
Gherlone et al. 2004 (23) | Diode Laser (980 nm) 2.5to0 3.5 | Continuous

Gherlone et al. 2004 (23)  Nd:YAG (1064 nm) 2.5t04.0 25 to 40

Gururaj et al. 2019 (24) Diode Laser (810 nm) 0.8 Continuous 25.000 400
Gupta et al. 2012 (25) Diode Laser (980 nm) 1.5 Continuous 320
gg:g‘lgg]and Vahidi Diode Laser (810 nm) 0.7 to 2.0 | Continuous

Melilli et al. 2018 (27)  Diode Laser (940 nm) 0.9 ﬁg?afizr‘:”'se 20 300
Tao et al. 2018 (28) Diode Laser (810 nm) 2.0 Continuous 20 320
Tao et al. 2018 (28) Nd:YAG (1064 nm) 2.0 Short pulse 15 320
Tao et al. 2018 (28) Er:-YAG (2940) 2.0 Very long pulse 15 500

TABLE T Laser settings used for gingival retraction as reported in the literature.
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the various types of lasers, where the settings of the
main parameters vary, as described in Table 1.

Some authors suggested inserting the fiber tip to a
depth of 1.0 to 1.5 mm into the crevicular sulcus (4,23)
with a circular movement around the tooth (23), in the
same manner of a conventional scalpel (8). Although
many authors set a continuous mode (1,4,6,23-26), Lee
(16) suggests using the laser beam in a pulsed mode
where possible with the addition of spray water and air
cooling during the procedure.

Comparison among lasers and other gingival retraction
systems

Several clinical studies evaluated the effectiveness of
laser systems in gingival retraction and focused on the
biological impact of these technologies, particularly on
periodontal structures, sometimes through comparisons
with other gingival retraction systems or among
different types of laser systems.

The results of clinical investigations are different,
sometimes discordant, as they were conducted with
different research protocols.

A clinical investigation reported that a diode laser
produced greater mean lateral gingival displacement
(0.48 +0.10 mm) than magic foam cord, an expanding
polyvinyl siloxane (Coltene Whaledent Inc, Altstétten,
Switzerland) (0.31 +0.09 mm), and retraction cord
impregnated with aluminum chloride (0.44 +0.11 mm)
(6). These findings were confirmed by another study in
which diode laser produced a wider lateral displacement
(0.62 +0.09 mm) than magic foam cord (0.42 +0.04
mm) (1). Conversely, another clinical study reported that
retraction cord produced a larger lateral displacement
(0.33 mm) than diode laser (0.31 mm) and magic foam
cord (0.19 mm).

The effectiveness of gingival retraction can be
highlighted by noticing that laser systems determine a
gingival troughing of about 230-670 pm, a range similar
to the sulcular epithelium thickness and wider than the
minimum limit of 200 pm needed for retraction (4,19).
Asregards the depth of the gingival sulcus, the retraction
cord showed the best value (1.43 mm), followed by
diode laser (1.24 mm) and, finally, by magic foam cord
(0.81 mm) (24).

Diode laser also seems to be the fastest gingival
retraction system (mean value = 56.20 s) compared to
magic foam cord (85.75 s) and retraction cord (252.15s).
Furthermore, compared to the latter troughing system,
the diode laser procedure appears to be simpler (24).
One clinical study showed that the use of pulsed Nd:YAG
laser allowed faster healing and lower inflammation and
hemorrhage than retraction cords impregnated with
ferric sulphate or aluminum chloride (5). Furthermore,
another investigation reported a better hemorrhage
control of diode laser than retraction cord, although it
was worse than magic foam cord (24).

As regards gingival recession, comparable but not

clinically significant differences were reported for the
double-cord technique impregnated with aluminum
chloride cords (mean = 0.26 mm) and diode laser (0.27
mm) 8 weeks after cementation (26).

Different authors reported a greater gingival recession
with the double-cord and electro-surgery systems
compared to diode and Nd:YAG lasers (23). Furthermore,
both these laser systems were found to be less
aggressive also about gingival bleeding. In effect, less
bleeding occurred with lasers than with the double-cord
technique. Finally, the same authors observed that the
diode laser has a haemostatic capacity similar to that
of electrosurgery and superior to that of Nd:YAG (23).
According to the Visual Analog Scale (VAS) assessment
system, the use of the diode laser (mean = 9.37) is
significantly easier than the cord retraction technique
(6.79). Furthermore, diode laser saved time (mean =
16.46 +3.2 s) more than cord (185.26 +46.2 s) and is
considered more comfortable according to VASs (mean
of diode laser = 9.4; mean of cord = 5.95) (27). A clinical
study did not record bleeding on the 35 tooth that
underwent laser procedure, while out of 39 abutments
with the cord system, bleeding was observed in 10
during retraction and 8 after retraction. No significant
difference was detected between the two retraction
systems for gingival retraction immediately after each
procedure (mean cord = 0.65 +0.33 mm; mean laser =
0.66 +0.43 mm) and 15 days after impression (mean
cord = 0.03 +0.27 mm; mean laser = 0.02 +0.46 mm)
(27).

Another comparative study measured the gingival width
and recession occurred with the following gingival
troughing systems: retraction cord and diode, Nd:YAG,
and Er:YAG laser systems (28). Significant differences
resulted between lasers and retraction cords in gingival
width, with the following mean values immediately after
retraction: retraction cord = 0.32 +0.09 mm, diode =
0.55 +0.15 mm, Nd:YAG = 0.60 +0.17 mm, Er:YAG = 0.65
+0.14 mm. Also, regarding gingival recession, statistical
differences were found between lasers and retraction
cords, with the following mean values 4 weeks after
surgery: retraction cord = 0.24 +0.08 mm, diode = 0.13
+0.08 mm, Nd:YAG =0.14 +0.07 mm, Er:YAG =0.10 +0.06
mm. These results showed wider gingival width and less
gingival recession for lasers than retraction cord. Also,
the authors reported that among laser systems, Er:-YAG
exhibited the most uneventful and rapid wound healing
when compared to diode and Nd:YAG lasers (28).

CONCLUSION

According to the current literature, the following

conclusions can be drawn.

e Laser systems provide optimal postoperative
hemostasis and minor mechanical trauma that
favors less postoperative swelling and scarring which
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preserve gingival margin heights.
¢ CO, and Er:YAG lasers could be used on peri-implant
soft tissues while Nd:YAG systems are contraindicated.
® Diode laser produces a greater lateral gingival
displacement than magic foam cord. Also, it seems to
be the faster, more comfortable, and simpler gingival
retraction system compared to magic foam cord and
retraction cord.
® Nd:YAG laser allowed faster healing, better
hemostasis, and lower inflammation than retraction
cords impregnated with ferric sulphate or aluminum
chloride.
To date, the data concerning the lateral and vertical
displacement of the gingiva are still scarce and often
controversial due to the different research protocols
and the few available studies.
Laser technologies are efficient systems for gingival
retraction and appear safe when used for thick gingival
biotypes. Nevertheless, more in vitro or in vivo studies,
and randomized controlled trials are mandatory to
define the clinical indications around implants, the best
laser system for gingival retraction and the pre-setting
protocol, and their effectiveness with respect to other
retraction systems.
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