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Abstract
Gingival melanin hyperpigmentation is an esthetic concern for many individuals. In this study, we compared the standard surgical
removal method with two different Er,Cr:YSGG laser settings in order to find the best treatment method. In 33 dental arches, the
following three treatment groups were comparatively evaluated: (1) surgical stripping, (2) removal with laser setting 1 (4.5W, 50 Hz,
100% water, 80% air, 60 μs, 800 μm Tip; MZ8), and (3) laser setting 2 (2.5 W, 50 Hz, 20% water, 40% air, 700 μs, 800 μm Tip;
MZ8). We comparatively evaluated pain, patient satisfaction and wound healing, treatment time, and the amount of bleeding. Re-
pigmentation was evaluated after 1 and 12 months by Hedin and Dummet pigmentation scores. Laser setting 1 had the best results
regarding pain and patient satisfaction, although not statistically significant (P > 0.05).Wound healing results were better using lasers
compared to surgical stripping (P < 0.05). Laser setting 1 was a faster procedure with mild amounts of bleeding. The least amount of
bleedingwas seenwith laser setting 2. After 1month, only two cases of the laser setting 2-treated areas showed an isolated pigmented
area in the papilla; at 12 months, the mean Hedin indexes were still less than 2 and mean Dummett index less than 1 in all treatment
techniques, with the lowest scores seen in the laser setting 1 sites. Based on our results, Er,Cr:YSGG laser can bemore convenient for
gingival depigmentation compared to surgical blade. Although not statistically significant, laser setting 1 with shorter pulse duration
and higher water spray showed better overall results. However, laser setting 2, with longer pulse duration and less water spray,
resulted in better coagulative effects and can be used to control bleeding wherever necessary in clinical practice.
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Introduction

Health and appearance of gingival tissues influence the attrac-
tiveness of a smile. Gingival color is one of these factors that is

determined by the number and size of underlying blood ves-
sels, epithelial thickness, degree of keratinization, and residing
pigments within the gingiva. Melanin, carotene, reduced he-
moglobin, and oxyhemoglobin are the main pigments found
in the oral mucosa [1, 2]. Melanin is a brown pigment synthe-
sized in the cytoplasm of melanocytes. After activation of
melanocytes by factors like stress hormones, sunlight, etc.,
chemical messengers like melanocyte stimulating hormone
are produced. Melanocytes are then induced to create
melanin-containing granules called melanosomes. This pro-
cess occurs when the enzyme tyrosinaseconverts tyrosine into
a molecule named dehydroxyphenylalanine (DOPA).
Tyrosinase also changes DOPA into a secondary chemical
dopaquinone. After a series of reactions, dopaquinone is con-
verted into either dark melanin (eumelanin) or light melanin
(pheo-melanin). Melanin is then transferred to keratinocyte
cells of skin and oral epithelium [3]. Excessive melanin depo-
sition in the basal and suprabasal cell layers of the gingival
epithelium creates pigmented areas in gums [4]. We normally
consider this kind of hyperpigmentation of the gingiva a
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physiological variation mainly reported in dark skinned indi-
viduals. These people have more completely melanized gran-
ules, also forming larger complexes with sizes of about 1–
3 mm. The size and amount of melanin in these granules seem
to be directly proportional to the degree of pigmentation [5, 6].
Smoking is an environmental factor that also effects gingival
pigmentation. Hedin et al. first reported greater gingival pig-
mentation in smokers compared to non-smokers [7]. They
also reported that quitting smoking could result in a decrease
in gingival melanin [8].Melanin in the oral mucosa attaches to
free radicals produced as the result of exposure to cigarette
smoke and polycyclic compounds like nicotine and
benzoperylene found in cigarette smoke. It acts as a protective
barrier against oxidative stress. This can explain its increased
production by melanocytes in smokers [9–11].

Although not considered a medical concern, complaint of
black gums and the demand for its esthetic correction is quite
common, especially if gums are visible during speech and smil-
ing. Gingival depigmentation is a periodontal plastic surgery
procedure, and several different methods have been employed
for depigmentation of gums to create a more pleasant smile.
Removal by a surgical scalpel, bur abrasion, cryosurgery, and
electro surgery, and chemical removal by 90% phenol and 95%
alcohol are successful previously reported methods [12–17].
Gingivectomy with free gingival auto grafts and acellular der-
mal matrix allograft (ADMA) are other reported techniques
[18, 19]. Recently, lasers have been recognized as a reliable
method for this kind of treatment with many reported advan-
tages. Many laser systems such as CO2 laser, Nd:YAG, argon,
and different diode lasers as well as the erbium family of lasers
(Er:YAG, Er,Cr:YSGG) have been used for this purpose [2,
20–27]. The erbium family of lasers, when used with correctly
employed parameters, have an excellent tissue ablation mech-
anism which results in minimal thermal damage to the under-
lying tissues and high levels of disinfection [28].

Laser interaction is primarily determined by the laser irra-
diation affinity for specific chromophores inside the tissue. A
chromophore is a molecule or substance capable of absorbing
specific laser wavelengths. Er,Cr:YSGG with a 2780 nm and
Er:YAG with a 2890 nm wavelength have high absorption in
water. The erbium lasers’ energy is predominantly absorbed in
tissue water and rapidly heats it to ablative temperatures cre-
ating micro explosions and ablation. Tissue ablation occurs
before the absorbed energy is spread out into the surrounding
tissue by the process of thermal diffusion [29–31]. This makes
erbium lasers suitable devices for periodontal treatments with
minimal side effects. However, inappropriate application and
inaccurate settings for different tissues may lead to gingival
recession, damage to the periosteum and bone, causing pain
discomfort and delayed wound healing [26]. It is therefore
important to use the correct laser settings to achieve favorable
results. In this study, we comparatively evaluated the standard
blade technique with two different settings of the Er,Cr:YSGG

(2780 nm) laser in a randomized clinical trial study in order to
find the most suitable technique for clinical applications.

Materials and methods

From patients referring to our university’s Periodontology
Department seeking esthetic treatment of their pigmented gin-
gival tissue, 36 arches of patients with physiologic melanin
pigmentation in the anterior part of maxilla or mandible were
selected. Each patient signed an informed consent form. The
study was also independently reviewed and approved by the
university research ethics board (IR.Zaums.REC.1394.181)
and registered in the Iranian Registry of Clinical Trials
(IRCT ID IRCT2016113018493N3).

The inclusion criteria were over 18 years of age, nonsmok-
ing, systemically healthy individuals with a healthy periodon-
tal status, without periodontal pockets and a Loe’s gingival
index of 1 or less and a plaque index of less than 10%.
Melanin pigmentation indexes were also considered in the
inclusion criteria as Dummett index of 2 or 3 and a Hedin
index of 3 or 4 [32] (Table 1). The exclusion criteria were
pregnant or breastfeeding patients, being under orthodontic
treatment, having bleeding on probing, and plaque index of
more than 20%.

The arches were randomly assigned to 3 groups of 12 with
block randomization. Three treatment techniques were com-
pared in a randomized double blind split mouth design. In
each group, two different treatments were randomly allocated
to each side. The same surgeon performed all procedures. A
periodontist not aware of the procedures evaluated and scored
the healing of treated sites and helped patients fill out the
satisfaction and pain questioners. The patients were not in-
formed about the type of procedure used in each site.
Preoperative Dummett index for intensity of pigmentation
and Hedin index for extent of pigmentation were recorded
for each site [7, 33].

Each patient was treated in one session, and to separate the
two treatments, a 5 min rest was given between the treatments.
Before depigmentation in the blade-treated site, the inactive
laser was held from a distance with water spray for a few
seconds to create a placebo condition. In patients, wanting
treatment in both arches treatment in the other arch was done
at least 14 days after the first treated arch.

Before starting treatments in each arch, we applied a 1 mm
thickness of topical anesthetic gel 20% benzocaine (G-
Benzotop, Nova DFL) for 2 min. The blade-treated sides re-
ceived local infiltration with lidocaine (2%, 1:80,000 epineph-
rine). Treatments extended from midline to the distal line an-
gle of the first premolars. Surgical stripping was performed by
a #15 scalpel. An approximately 1.5-mm thickness of gingiva
was evenly removed.
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Laser treatments were performed by a 2780 nm
Er,Cr:YSGG laser (Waterlase, Biolase, USA). The tested
laser settings were as follows (Table 2): laser setting 1
4.5 W, 50 Hz, 60 μs pulse duration (H mode), 80% air,
100% water (water flow rate of 17 ml/min); and laser
setting 2 2.5 W, 50 Hz, 700 μs pulse duration (S mode),
20% water, 40% air (water flow rate of 9 ml/min). A Mz8
laser tip with a diameter of 800 μm was used with contact
mode with overlapping brush strokes in both settings. The
papillary point and free gingival margins were usually free
of pigment and were left untouched as far as possible to
prevent gingival recession. The operator, assistant, and pa-
tient wore laser safety glasses during the procedures.
Photographs were taken at baseline, 1st, 7th, and 30th
day from all patients.

Pain, patient satisfaction, and gingival wound healing
and repimentation were evaluated post-operatively.

We evaluated pain using a Visual Analogue Scale (VAS) of
1–10, immediately after treatment and on the first and seventh
postoperative days.

Patient satisfaction was evaluated on day 7 using a
self-designed questioner. The validity and reliability of
the questionnaire were previously evaluated.

Gingival wound healing was evaluated and scored as fol-
lows: 0 = tissue necrosis, 1 = ulcer formation, 2 = incomplete
epithelialization, and 3 = complete epithelialization. Severity
of bleeding during procedures (1: none, 2: slight, 3: moderate,
4: severe) and time taken to complete treatment in each pro-
cedure were recorded [34].

We also evaluated treatment relapse in each site using the
Dummett and Hedin indices, after 1 and 12 months.

After completion of each procedure, the treated site was
gently compressed and cleaned with a sterilized gauze soaked
in normal saline. No periodontal dressing was applied. We
instructed to avoid flossing and brushing the treated area for
a week and rinse with warm normal saline two times a day
from the night after surgery and avoid spicy, hard, or hot
foods, and drinks. No analgesics were prescribed; however,
for ethical considerations in case of severe pain, patients could
use 325 mg of acetaminophen after informing the practitioner,
but this excluded them from the study.

Three arches from two patients were excluded during treat-
ment; therefore, 33 arches were comparatively evaluated at the
end. Post hoc Tukey’s test was used with a SPSS 21 software
for data analysis, and a P value of < 0.05 was considered
statistically significant.

Results

From the 22 patients recruited, 14 needed gingival depigmen-
tation in both arches and eight only in the maxilla. Two patient
dropped out during the study, one because of use of analgesics
after treatment and the other for not coming for follow-up
visits.

Finally, 33 arches (66 treated sides, 22 in each treatment
group) from 20 patients with a mean age of 24 ± 5.88 were
comparatively evaluated (Table 3).

Table 1 Indices used for inclusion criteria and evaluation of re-pigmentation

Oral pigmentation index (DOPI) Melanin index (Hedin) Loe’s Gingival index

0 = No clinical pigmentation
(pink-colored gingiva)

0 =No pigmentation 0 = Normal gingiva

1 =Mild clinical pigmentation
(mild light brown color)

1 =One or two solitary unit(s) of pigmentation
in papillary gingiva without the formation
of a continuous ribbon between solitary units

1 =Mild inflammation
No bleeding on probing

2 =Moderate clinical pigmentation
(medium brown or mixed pink and brown color)

2 =More than three units of pigmentation in papillary
gingiva without the formation of a continuous ribbon

2 =Moderate
inflammation

Bleeding on probing

3 = Heavy clinical pigmentation
(deep brown or bluish black color)

3 =One or more short continuous ribbons of pigmentation 3 = Severe inflammation
Spontaneous bleeding

4 =One continuous ribbon including the entire area between canines

Table 2 Laser parameters of the two laser treatment groups

Average
power (W)

Peak
power (W)

Frequency
(Hz)

Fiber tip
surface
area (cm2)

Pulse duration
(μs)

Average power
density (W/cm2)

Energy
per pulse
(J)

Peak energy
density (J/cm2)

Water/air (%)
Water flow
(ml/min)

Laser setting 1 4.5 1500 50 0.005 60 900 0.09 6000 100/80
17

Laser setting 2 2.5 71.42 50 0.005 700 500 0.05 281.68 20/40
9
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Pain

According to our results, though, the mean amount of
pain did not have a statically meaningful difference be-
tween the treatments at different evaluation times
(P > 0.05). However, the lowest amount of pain during
procedures was reported in the laser setting 1-treated
sites (Table 4). Blade-treated sites had higher reported
pain on the first and seventh day after treatment com-
pared to laser groups (Fig. 1). When comparing the pain
score distributions in the laser setting 2-treated sites,
there were three (13.6%) cases who evaluated their in-
traoperative pain as severe and one as unbearable.
However, laser setting 1-treated sites reported pain as
mild in most cases (59.1%) (Fig. 2).

Patient satisfaction

Satisfaction scores just after treatment showed that the laser
setting 1 and blade-treated sites had the highest satisfaction
scores (24/65 ± 3.16 and 24/68 ± 3.99) and laser setting 2 had
the lowest satisfaction. After 1 week, the laser setting 1 group
still had the highest satisfaction score, but the blade group
showed the least amount of satisfaction score. However, these
results were also not statistically significant (Table 4).

Gingival wound healing

We evaluated healing on days 1, 3, 7, and 30 after treatment.
Overall healing was uneventful, and we could observe com-
plete epithelialization after 30 days in all treated sites. Overall,
laser-treated sites showed better healing. The blade-treated
sites had lower healing scores on 1, 3, and 7 days after treat-
ment which was statistically significant on day 7 (P = 0,001)
(Table 4). Better healing scores could be found in the laser
setting 1 group on day 1 and 3. Complete epithelialization
percentage was higher in laser-treated groups compared to
the blade on day 7. All groups had complete epithelialization
after 30 days (Fig. 3).

Bleeding during the procedure and treatment
duration

The amount of bleeding was significantly less in laser-treated
sites compared to the blade (P = 0.001). The laser setting 2
setting had the least amount of bleeding which was statistical-
ly significant. Treatment time was longer in the laser setting 2-
treated sites (P = 0.010) (Table 5 and Fig. 4).

Re-pigmentation

After 1 and 12 months, we evaluate the treated patients with
regard to re-pigmentation. All three techniques showed a
marked reduction in Hedin and Dummett (DOPI) indices
compared to baseline (Table 6).

After 1 month, only two laser setting 2-treated areas
showed an isolated pigmented area in the papilla, and the
mean Hedin and DOPI indices were very low (0.09 ± 0.29).
After 12 months, in all sites, re-pigmentation was staring to

Table 3 Gender and age distribution between the three treatment
techniques

Groups L1 L2 Blade

Female 17 (73.3%) 18 (81.8%) 19 (86.4%)

Male 5 (22.7%) 4 (18.2%) 3 (13.6%)

Age (mean ± SD) 55.25 ± 6.67 32.22 ± 3.198 77.24 ± 6.78

Table 4 Comparison of mean pain, patient satisfaction, and wound healing scores after different treatments

Variable Group Immediately post op
(mean ± SD)

1st day post op
(mean ± SD)

3rd day post
op (mean ± SD)

7th day post op
(mean ± SD)

30th day post op
(mean ± SD)

Pain levels L1 2.18 ± 1.50 1.55 ± 1.84 – 0.18 ± 0.66

L2 3.14 ± 3.09 1.41 ± 1.79 – 0.32 ± 1.04

Blade 2.32 ± 2.31 1.91 ± 1.99 – 0.41 ± 1.22

P value 0.365 0.661 – 0.752

Patient satisfaction L1 24.86 ± 3.16 – – 25.00 ± 2.44

L2 23.27 ± 4.27 – – 24.90 ± 2.56

Blade 24.86 ± 3.99 – – 24.09 ± 2.40

P value 0.291 – – 0.411

Gingival wound healing L1 – 1.09 ± 0.29 1.27 ± 0.45 1.82 ± 0.39 3.00 ± 0

L2 – 1.00 ± 0 1.18 ± 0.39 2.00 ± 0 3.00 ± 0

Blade – 0.91 ± 0.29 1.09 ± 0.29 1.45 ± 0.51 3.00 ± 0

P value – 0.050 0.305 0.001 3.00 ± 0

Wound healing: 0 = tissue necrosis, 1 = ulcer formation, 2 = incomplete epithelialization, 3 = complete epithelialization
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appear. However, they were mostly light brown small solitary
pigmented areas, and patients were still satisfied with the over-
all results. There was only one case in the laser setting 2-
treated group with a strip of regimented area (Hedin score
3). The mean Hedin indices were less than 2 and mean
Dummett index of less than 1 in all treatment techniques and
not statistically significant between the groups. The difference
between pigmentation scores of the groups was statistically
significant at 1 month, but they were not statistically signifi-
cant at 12 month (Table 6).

Discussion

Different methods of esthetic treatment for gingival melanin
hyperpigmentation have been practiced and studied previously.
Since its approval for soft tissue treatments by the US Food and
Drug Administration (FDA) in 1998, Er,Cr:YSGG laser has
had promising results in periodontics and oral surgery [35, 36].

In this study, we have for the first time comparatively eval-
uated the clinical application of two different settings of
Er,Cr:YSGG and the gold standard method of removal with
a surgical blade in a randomized split mouth design to find the
most suitable setting for clinical applications.

According to our results when evaluating the amount of
pain experienced during the procedure, the highest VAS
scores were seen in laser setting 2 sites. The blade-treated sites
showed lower pain scores which was predictable since we
used local infiltration, and the pain scores reported just after
treatment were probably only due to the pain from injections.
The laser setting 1 had the least reported pain score at all-time
intervals. When statistically compared, none of these amounts
were statistically significant.

The reason for this lower pain experience with the laser
setting 1 seems to be due to the higher ablative effect seen in
this setting. When using H mode, we have very short pulse
durations (60 μs) compared to S mode (700 μs) resulting in
higher peak powers and a greater ablative effect. The higher

Fig. 1 Comparison of mean pain
levels between the three
treatments immediately after
treatment and on the first and
seventh day after treatment

Fig. 2 Pain score distribution between the three treatment groups immediately post-operation, 1 and 7 days after treatment
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water spray in this setting may also lead to less thermal and
coagulative effects on the tissue. This could explain the less
pain experienced by patients during and just after the proce-
dure. The pain sensation tended to increase when removing
deeper pigments and pigmentations near the mucogingival
junction, which were also areas where in some cases, we
had minor amounts of bleeding with this setting. No bleeding
was observed with laser setting 2 due to the thermal effects it
provides.

Pain was also evaluated on days 1 and 7 after the procedure
in which the blade group had the highest pain experienced
during these periods compared to the laser groups (Table 4).
Laser setting 1 sites had the least mean levels of pain experi-
ence at both evaluation times.

Hegde et al. also reported higher pain results using VAS
evaluation during days 1 and 7 after treatment with a blade
compared to CO2 and Er:YAG lasers [25]. In a case series
reported by Butchibabu et al., the blade technique was com-
pared with diode laser and pain was evaluated by VAS on days
1, 3, and 7 after the procedure. They also reported higher pain
in the blade-treated sites compared to laser treatment. Although
similar to our report, their results were also not statistically
significant [25, 27]. Studies by Azzeh and Kishore have also
reported less pain when using Er:YAG lasers [34, 37]. Case
reports have used Er,Cr;YSGG for gingival melanin pigmenta-
tion removal previously. They also reported this laser to be

covenant, with almost no bleeding and pain. This is probably
due to creation of a fibrin layer and coagulated proteins on the
wound surface as a biologic barrier and also coagulation of
nerve endings resulting in a painless treatment [38].

In our study, a questioner was used to evaluate patients’
satisfaction of the treatment 1 week later. This has not been
evaluated in previous studies. The highest satisfaction score
was found in the laser setting 1 group but the blade group
showed the lowest scores. This result was logical since the
blade group had higher pain and slower healing results during
this period. Laser setting 1-treated areas on the other hand
showed better healing. This laser setting also resulted in quite
a fast treatment with negligible pain, bleeding, and satisfying
change in color visible from immediately after treatment.

In this study, the blade group had lower healing scores and
slower healing results compared to laser-treated groups. This
was statistically significant on day 7. Erbium laser setting 1
showed better healing results after 1 and 3 days, but after a
week, the laser 2 group had better healing scores, although
these findings were not statistically significant. An epithelial
layer had formed in most laser-treated groups after 1 week.
After 1 month, all treatment groups showed complete healing,
epithelialization, and tissue thickness recovery.

In a case series by Murphy [24], three methods of bur
abrasion, surgical blade, and diode laser were compared on
three patients. In their report, the fastest healing was in the
blade group, which could probably be due to the thermal dam-
age that might occur with the diode laser’s coagulation effect.
This was different from our results since we do not have this
effects when using the Er,Cr:YSGG laser. The erbium laser
also has less penetration into gingival tissue and an ablative
mechanism of action that only affects the surface layer of
tissue. This results in minimum damage to deeper layers and
better wound healing compared to the blade. This was similar
to the results obtained in a study by Rosa et al. on Er:YAG.

Fig. 3 Gingival healing score distribution between the three treatment groups immediately post-operation, 3, 7, and 30 days after treatment

Table 5 Bleeding during treatment and duration of treatments

Groups Bleeding (mean ± SD) Duration of treatment (S)

L1 1.68 ± 0.71 554.41 ± 156.28

L2 1.14 ± 0.35 687.0 ± 196.51

Blade 2.91 ± 0.61 531.86 ± 175.25

P value 0.001 0.010
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They also observed fast epithelialization of gingiva in 1 week
with a healthy appearance in all five cases. This is due to the
fact that erbium laser wave lengths are highly absorbed by the
water in the tissue and rapidly heat the tissue to ablative tem-
peratures causing tissue removal through ablation. The water
sprayed on the operation field and the air stream could also
help avoid thermal damage to the surrounding tissues [31, 39].

The width of the thermally changed layer in dog gingival
connective tissue has been reported to be only 5–25 μ when
using an Er:YAG in contact mode with water spray [40].

Photobiostimulation and bactericidal effects of the these lasers
could also be favorable for wound healing [28, 41]. The
scattered low levels of laser energy during treatment might
act as low-level laser therapy leading to a cascade of
photobiostimulative events that might affect cellular metabol-
ic processes and promotes beneficial biological effects
resulting in better repair of the gingival tissue. Ogita et al. have
reported increased proliferation and a significant change in
protein expression after low-level laser treatment of human
gingival fibroblast cells with Er:YAG laser [41, 42].

Table 6 Evaluation of extent and intensity of re-pigmentation using Hedin and Dummet indices after 1 and 12 months

Hedin index Dummett index

Groups Baseline
(mean ± SD)

1 month
(mean ± SD)

12 months
(mean ± SD)

Baseline
(mean ± SD)

1 month
mean ± SD

12 months
mean ± SD

L1 3.82 ± 0.4 0 1.08 ± 0.9 2.64 ± 0.9 0 0.66 ± 0.49

L2 3.82 ± 0.4 0.09 ± 0.29 1.29 ± 1.11 2.5 ± 0.8 0.09 ± 0.29 0.91 ± 0.3

Blade 3.82 ± 0.4 0 1.25 ± 0.62 2.77 ± 0.75 0 0.71 ± 0.49

P value 0.001 0.071 0.001 0.14

Fig. 4 a Intra-oral preoperative
view. b Surgical stripping treat-
ment. c Laser setting 1 treatment
(using the gold hand piece, 4,5 W
50 Hz Mz8 tip 100% water 80%
air). d Immediate postoperative
view (blade on right side, laser
setting 1 on left side). e One-day
postoperative view. f Three-day
postoperative view. g Seven-day
postoperative view. h One-month
postoperative view
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A report by Hedge et al. also compared three methods of
blade, Er:YAG, and CO2 lasers with a 6-month follow-up.
They found the slowest healing with the CO2 laser compared
to Er:YAG. This laser also has greater coagulative effects on
the tissue. On the other hand, the erbium laser had better
results [25]. A review article by Bakhshi et al. has reported
faster healing results for the erbium laser family especially
Er,Cr:YSGG compared to other lasers. As mentioned, these
lasers tend to ablate the tissue through their water-mediated
ablation mechanism with minimal damage to the underlying
tissues. A fibrin layer forms on the gingiva in the first 24 h
after treatment; within a week, healing is almost complete
with a normal tissue color, and no scarring similar to the re-
sults obtained in our study [43]. However, although the blade
technique is simple, effective, and fast, it results in bleeding.
Therefore, small areas of hematoma may form which take
longer to turn into a fibrin layer. The thicker fibrin layer causes
a small delay in healing compared to laser treatment. This was
seen in a few of our cases with deeper pigmentations (Fig. 5c).
Similar to our results, many other studies have also reported
superiorities of lasers especially the erbium lasers over con-
ventional blade treatment [16, 24, 27, 37, 38]. However, up to
our knowledge, this is the first randomized controlled trial
comparing removal of physiologic melanin pigmentation by
Er,Cr:YSGG laser and its different settings with the standard
blade removal technique.

Our results of evaluation of re-pigmentation after 1 month
showed only two patients from the laser setting 2 groups hav-
ing small light areas of pigmentations reappearing in the pa-
pilla (Hedin index = 1) which seemed to be pigmentation left

due to incomplete removal of melanin. This was probably due
to the coagulative effect of this setting on gingival tissue,
producing brown-black discolorations which make it harder
to distinguish deeper melanin pigmentation during operation.
On the other hand, with the L1 setting and its higher ablative
effects and water spray as a coolant, greater ablation and min-
imal coagulation could be observed; this together with the
rinsing effect of water provided better visualization of the
operative field. Removal of the pigmented tissue could there-
fore be performed more accurately and completely [30].

After 12 months, all three treatment techniques showed
similar trends in re-pigmentation. In all cases, isolated areas
of light brown pigmentation (Mean Dummett index of less
than 1, mean Hedin index of less than 2) had appeared in areas
with deeper pigmentations at baseline, mostly the interdental
papilla and in some cases small areas in the attached gingiva
or mucogingival junction. In only one treated site, the re-
pigmentation area had formed a short melanin strip (Hedin
index = 3). However, the esthetic results were still satisfactory
for all patients. Similar to our results, physiologic recurrence
has been reported after different time periods, but usually, it
takes more than 6 months [2, 34]. It seems that the migration
theory described by Perlmutter and Tal could be an acceptable
explanation [5]. According to this theory, active melanocytes
remaining adjacent to depigmented areas migrate to these
areas causing re-pigmentations. Depigmentation results would
be more stable with treatment techniques that can accurately
eliminate melanocytes. In this study with laser setting 1, there
was no carbonization, and with the water spray, cleansing of
the surface the remaining melanin pigmentations seemed to be

Fig. 5 a Intra-oral preoperative
view. b Immediate postoperative
view (laser setting 2 on right side,
blade on left side). c One-day
postoperative view. d Seven-day
postoperative view. e One-month
postoperative view
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more easily visible during treatment and therefore resulted in
better removal in sites treated with this setting. Therefore, the
reevaluation scores of melanin indices were lower in this
group after 1 and 12 months (Table 6).

Conclusion

Based on our results, Er,Cr:YSGG laser can be considered a
more convenient method of gingival depigmentation com-
pared to surgical blade. Although not statistically significant,
laser setting 1 with short pulse duration and higher water spray
showed better overall results and can remove pigmentations
safely and effectively. However, laser setting 2, with longer
pulse duration and less water spray resulted in better
coagulative effects and less bleeding and could be used to
control bleeding wherever necessary in clinical practice.
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