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Abstract
Objective To evaluate the efficiency of depigmentation, patient perceptions, and the recurrence rates of physiological gingival
pigments during a 2-year follow-up after ablative depigmentation using two laser wavelengths: diode 940 nm and Er,Cr:YSGG
2780 nm.
Materials and methods Sixty patients exhibiting physiological melanin hyperpigmentation in the buccal maxillary gingiva were
randomly divided into two equal groups treated with an Er,Cr:YSGG laser at 2780 nm, and a 940 nm diode laser, respectively.
The depigmentation procedure essentially involves the ablation of epithelial tissue exhibiting melanin pigmentation. The inten-
sity and extensity indices of gingival pigments were evaluated at baseline, 1 month, 1 year, and 2 years.
Results At all time points following depigmentation treatment, oral pigmentation index (OPI) and melanin pigmentation index
(MPI) scores were less significantly (p <0.05) compared to the baseline in both groups. Treatment was significantly faster with
Er,Cr:YSGG laser and required no anesthesia, with faster healing and less postoperative discomfort after 1-week of treatment,
compared to the diode laser treatment (p <0.001). The re-pigmentation intensity and extensity were higher significantly in the
Er,Cr:YSGG group than in the diode group at 1 year and 2 years (p <0.05).
Conclusion Both lasers efficiently removed gingival pigments with comparable clinical outcomes and overall positive patient
experience. Diode laser treatment exhibited better long-term stability of gingival color, with a lower incidence of re-pigmentation.
Clinical relevance The color of the gingiva plays an important role in the esthetics of oral soft tissues and the overall ideal smile.
Laser-assisted gingival depigmentation is an effective, comfortable, and reliable technique with good esthetical outcomes. The
rate of re-pigmentation was affected by the laser wavelength and the technique used.
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Introduction

The color of the oral mucosa varies between individuals and is
determined by several factors, including the number and

melanogenic activity of the melanocytes, the thickness of the
keratinized epithelium, and the degree of vascularization [1, 2].
The color of the gums is one of the gingival factors that play an
important role in soft tissue esthetics and the overall ideal smile
[3]. Although physiological hyperpigmentation is not considered
a medical disorder, the appearance of a pigmented gingiva is
considered by many patients to be unaesthetic, especially for
those who have a gummy smile. Laypersons are highly obser-
vant of changes in the color of the gingiva due to pigmentation
and rate it as highly unaesthetic [4].

Physiological hyperpigmentation of the oral mucosa is
clinically manifested as multifocal or diffuse melanin pigmen-
tation in variable amounts in different ethnic groups [5].
Hyperpigmentation of the gum is due to excessive melanin
accumulation by the melanocytes, which are mostly found in
the basal and supra-basal layers of the epithelium. On average,
the epithelium of the vestibular gingiva is approximately 0.30
± 0.07 mm thick [6].
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Several treatment modalities have been suggested in the
literature for gingival depigmentation, such as scalpel
surgery[7], abrasion[8], electrocautery[9], cryosurgery[10],
radiosurgery[11], chemical cauterization[12], and laser [13,
14].

Laser surgery is superior to conventional mechanical sur-
gery in the tissue ablation, decontamination, hemostasis, and
there is potentially less operative and postoperative pain [15].
Recently, laser ablation has been recognized as one of the
most effective, comfortable, and reliable techniques for gingi-
val depigmentation [16]. Different lasers have been used for
gingival depigmentation, including diodes [17], Nd:YAG
[18], Er:YAG [19], Er:Cr:YSSG [20], and CO2 [21] lasers
with varying results.

Two successful strategies have been suggested for the use
of laser in gingival depigmentation, which depend on the
wavelength absorption specification. In the surgical/ablative
approach, the gingival epithelium is vaporized with melanin.
All surgical wavelengths could be utilized in this approach.
The second approach is non-surgical or non-ablative, where a
specific wavelength, such as visible diode laser (445 nm) and
near-infrared diode laser (810 nm), degranulates the melano-
somes or denatures the melanin without de-epithelization of
the gingival epithelium [22].

However, re-pigmentation has been documented to oc-
cur after all techniques to different degrees. The definite
mechanism of re-pigmentation has not yet been clarified
[23]. Active melanocytes from the adjacent pigmented
tissues might migrate to treated areas causing relapse.
The huge dissimilarity in the re-pigmentation duration
can be linked to the method used, smoking behavior,
and the patient’s ethnicity [24, 25].

This randomized clinical trial evaluated the recurrence rates
of physiological gingival pigments during a 24-month follow-
up and patient perceptions after ablative depigmentation using
two laser wavelengths; diode 940 nm and Er,Cr:YSGG 2780
nm.

Materials and methods

Study sample

Sixty healthy patients (22 males and 38 females, aged 21 to 43
years) who presented with a chief complaint of dark-brown to
black gingival hyperpigmentation between April 2015 and
September 2018 were included in the present clinical prospec-
tive study. The participants were randomly divided into two
groups (30 patients each). Randomization was performed
using a randomization table using a computer-generated ran-
domization list (SPSS v23.0; IBM corp., Armonk, NY, USA)
with an allocation ratio of 1:1.

Inclusion and exclusion criteria

All of the patients were selected according to the following
study inclusion and exclusion criteria.

The inclusion criterion was as follows: all patients
exhibiting physiological melanin hyperpigmentation of score
1 or more according to the oral pigmentation index (OPI) in
the buccal maxillary gingiva [26]. The exclusion criteria were
pathologic hyperpigmentation, participants with a systemic
condition that could affect tissue healing (e.g., autoimmune
diseases); pregnancy and lactation, a history of smoking, pre-
vious mucogingival surgery at the region to be treated, and
any contraindication for laser treatment.

Patients were informed of the nature and potential risks of
the proposed surgical procedures and they reviewed and
signed an informed consent form. The Declaration of
Helsinki guidelines were followed throughout the study. The
study was approved by Scientific Research and Graduate
Studies Council, The Faculty of Dental Medicine, Damascus
University, Damascus, Syria.

Clinical indices

The participants underwent a comprehensive periodontal exam-
ination, including the oral hygiene index (PI) and gingival index
(GI), at all time points. Clinical gingival parameters, such as
swelling, redness, and ulceration, were evaluated at week 1 and
month 1, postoperatively. Gingival pigments were detected at
baseline, 1 month, 1 year, and 2 years in the maxilla.

Intraoral photographs were taken using a DSLR camera
with EF 100 mm f/2.8 Macro lens and Macro Twin Lite
(ISO 100, aperture f/25, shutter speed 1/160, flash power
1/2). To achieve blinding, the photos were sent to three cali-
brated external experts, who were blinded to the treatment.
External examiners classified the intensity and extensity of
gingival pigments according to the following two indices:

1- Oral pigmentation index OPI (Fig. 1):[26]

& Score 0: no clinical pigmentation (pink-colored gingiva)
& Score 1: mild clinical pigmentation (mild light brown

color)
& Score 2: moderate clinical pigmentation (medium brown

or mixed pink and brown)
& Score 3: heavy clinical pigmentation (deep brown or

bluish-black color)

2- Melanin pigmentation index MPI (Fig. 2):[27]

& Score 0: no pigmentation
& Score 1: solitary unit(s) of pigmentation in the papillary

gingiva without extension between neighboring solitary
units.
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& Score 2: formation of continuous ribbon extending from
neighboring solitary units

The gingival appearance, including the homogeneity of the
color of the gingiva after 1 month of treatment, was evaluated
according to the following suggested index (Fig. 3):

& Score 1: homogeneous pink vital appearance of the
gingiva

& Score 2: non-homogeneous pale pink appearance of the
gingiva

Treatment

Surgical procedure and laser parameters

The depigmentation procedure essentially involves abla-
tion of the epithelial layer of the buccal gingiva exhibiting
melanin pigmentation and was performed by the same
operator (Fig. 4).

Participants were randomly allocated to the two research
groups:

Group A was treated with an Er,Cr:YSGG laser 2,780 nm
(iPlus Waterlase, Biolase, USA)1 with an MZ6 cylindrical tip
(tip 600 μm, 45 mJ/pulse, average power 2.25 W, frequency
50 Hz, pulse duration 60 μs, energy density 43 J/cm2 at the
fiber’s tip, water 50%, and air 40%). The procedure was per-
formed completely without infiltration anesthesia for all the
patients of this group with the laser tip at an angulation of ~30°
at a distance of ~1 mm from the gingival tissue. The laser tip
was advanced in a scanning movement from the cervical-
apical direction in all pigmented areas. The following settings
were used to achieve hemostasis in case bleeding was present
(tip 600 μm, 30 mJ/pulse, average power 1.5 W, frequency 50
Hz, pulse duration 700 μs, energy density 28.7 J/cm2 at the
fiber’s tip, water 10%, and air 20%).

Group B was treated with diode 940 laser (Epic™,
Biolase, USA).2 The procedure was performed with a
pencil-sized handpiece containing a 400 μm lasing fiber
(400 μm initiated tip, average power 0.8 watts, Pulsed
mode, Duty cycle 20%, Pulse duration 10 μs, energy den-
sity 127.4 J/cm2 per second at the fiber’s tip, no water or
air). The procedure was started without anesthesia and
infiltration anesthesia was injected in group B according
to the patient subjective response of intraoperative pain.
(Ubistesin™ 1/200,000, 3 M ESPE AG, Germany).3 The
laser tip was placed at an angle of approximately 30° to
the gingival surface. Short light paint brush strokes were
used in the cervical-apical direction in all pigmented
areas. The actual lasing time for ablation of the gingival
epithelium of the six maxillary teeth was recorded in mi-
nutes for both laser wavelengths.

Fig. 1 Intensity of gingival pigmentation (oral pigmentation index). a
Mild pigmentation. b Moderate clinical pigmentation. c Heavy clinical
pigmentation

Fig. 2 Extensity of gingival pigmentation (melanin pigmentation index).
a Solitary units of pigmentation. b Continuous ribbon of pigmentation

1 Iplus Waterlase, Biolase, Irvine, CA, USA.
2 Epic X, Biolase, Irvine, CA, USA.
3 Ubistesin™ 1/200,000, 3M ESPE AG, Germany.
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Post-operative instructions

No periodontal pack or additional material was applied to
support the healing process. Verbal and written postoperative
instructions were given to the patients. The patient was cau-
tioned to avoid traumatic foods, alcohol, and acidic beverages
during the first week.

Patient perceptions

A self-administered modified version of Melzack’s McGill
Pain Questionnaire was used by each patient to evaluate the
treatment provided. The questionnaire was obtained at 7 days
post-surgery (pain/discomfort, swelling, bleeding) using a
five-point Likert scale with numerical values 0 = “not at al,”
1 = “mild,” 2 = “moderate,” 3 = “severe,” and 4 = “very
severe.” Patient perceptions regarding esthetic and total satis-
faction were evaluated using another questionnaire at 1-month
post-surgery using a five-point Likert scale with numerical
values 0 = “not at al,” 1 = “a little,” 2 = “somewhat,” 3 =
“strongly,” and 4 = “very strongly.”

Statistical analyses

Data analysis was performed using computer software (SPSS
v.17.0, IBM, Chicago, IL). The level of significance was set at

0.05, for all analyses. The Mann-Whitney U test was used to
evaluate the depigmentation effectiveness, clinical appear-
ance, gingival pigmentation indices, and patient perception.
Differences between groups and time points were compared
using the Wilcoxon test. The Kruskal-Wallis test was used to
compare the gingival pigmentation indices between the two
lasers according to the time intervals.

Results

Statistical analysis was performed for 60 patients (30 in each
group). At the baseline examination, no statistically signifi-
cant differences were observed in the OPI and MPI between
both treatment groups (p >0.05). Throughout the study, all
patients maintained an acceptable level of plaque control (PI
< 18%) without statistical significant differences between
groups in PI and GI indices at all time points (p >0.05).

Depigmentation effectiveness and clinical
appearance

The effectiveness of the depigmentation treatment was exam-
ined 1 month after the treatment by comparing the OPI scores
at baseline and 1 month. Both laser wavelengths exhibited
similar effectiveness in removing gingival pigments without

Fig. 3 a Preoperative case of gingival hyperpigmentation. b The clinical
appearance of the gingiva of the case exhibited a homogeneous vital pink
color after 1 month of depigmentation. c Preoperative view for another

case of gingival hyperpigmentation. dNon-homogeneous pale pink (non-
vita) appearance for gingiva after 1 month of depigmentation
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significant difference (p=0.49). At all follow-up time points
after the depigmentation treatment, OPI and MPI scores were
less significant compared to the recorded scores at baseline in
both groups (p <0.05). The ablation of the gingival epithelium
of the six maxillary incisors with Er,Cr:YSGG laser needed an
average time of 13.4 ± 2.1 min, which was significantly faster
than the diode laser 18.2 ± 2.7 min (p <0.001). The
Er,Cr:YSGG group showed a homogeneous pink vital appear-
ance of the gingiva in 56.8% of cases compared to 43.2% in
the diode group. Swelling, redness, and ulceration of the

gingiva during 1-week follow-up was less frequent in
Er,Cr:YSGG group. However, this difference was not statisti-
cally significant (p =0.082) (Fig. 5).

Re-pigmentation

The results regarding the gingival pigmentation indices, OPI,
and MPI are presented in Tables 1 and 2, respectively. Re-
pigmentation was observed in 50% of cases in the
Er,Cr:YSGG group after 1 year, with significant differences,
compared to 1-month scores for both OPI (p =0. 001) andMPI
(p <0 .001). The frequency of re-pigmentation increased sig-
nificantly to 83.3% after 2 years of OPI (p <0.001) andMPI (p
=0.004). On the other hand, re-pigmentation appeared in
23.3% and 36.7% of cases treated with diodes at 1 and 2 years,
respectively. In the diode group, no significant differences
were noted when comparing 1-month to 1-year OPI scores
(p =0.056) and MPI scores (p =0.082). At the 2-year follow-
up, a significant difference in pigmentation indices was re-
corded only in OPI (p = 0.034), while the difference in MPI
was not significant (p = 0.157) (Figs. 6 and 7).

The Kruskal-Wallis test was used to compare the OPI and
MPI indices between the two laser wavelengths according to
the time interval. No statistically significant difference in in-
dices was detected between the diode group and the
Er,Cr:YSGG group after 1 month of treatment (p < 0.05).
OPI scores were higher in the Er,Cr:YSGG group than in
the diode group, with significant differences at 1 year and 2
years follow-up. Similarly, MPI scores were significantly
higher in the Er,Cr:YSGG group at 1 and 2 years of follow-up.

Patient perceptions

The results of patients’ perceptions of morbidity and esthetic
appearance are presented in Table 3. A significant difference
was noticed between the two lasers in terms of pain during the
ablative depigmentation with higher pain scores among the
diode group (p<0.001). In the Er,Cr:YSGG group, the

Fig. 5 The gingival appearance
including the homogeneity of the
color of the gingiva after 1 month
of the treatment

Fig. 4 Depigmentation with ablation of the gingival epithelium. a The
angulation of the diode 940 nm laser initiated 0.4 mm tip in contact
position. b Er,Cr:YSGG 2,780 nm laser 0.6 tip. In near-contact position
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patients reported higher satisfaction scores with regard to the
esthetic appearance after 1 week of surgery compared to the
diode group. No significant difference was observed between
the two laser groups in terms of pain during the first week,
eating discomfort, speaking discomfort, bleeding, esthetic ap-
pearance after 1 month, and depigmentation effectiveness af-
ter 1 month.

Discussion

Despite the considerable interest in using the laser in gingival
depigmentation, our knowledge regarding their use is largely
limited, based on available data. Mostly, case reports or case
series with small samples have been reported.

This study aimed to compare the clinical outcomes, the rate
of re-pigmentation, and patient perceptions after laser-assisted
ablative gingival depigmentation with diode 940 nm laser and
Er,Cr:YSGG 2780 nm laser. The ablative technique includes
surgical excision of the gingival epithelium, which differs
from the non-ablative laser treatment of gingival pigmenta-
tion, which is based on the principle of selective photo
thermolysis with specific near-infrared wavelengths that are
highly absorbed by melanin-like diodes 445 nm and 810 nm
[28].

In the present study, both wavelengths were efficient in
removing the gingival pigments.Wound healing was unevent-
ful in all patients. Clinical results were comparable at 1-month
postoperative follow-up for both groups, whereas the pink
color of the gingiva, epithelialization, and tissue thickness
recovery were the same as the neighboring untreated gingiva.

Table 1 the statistical comparison between diode laser and Er,Cr:YSGG laser groups for oral pigmentation index OPI at baseline, and at the 1 month, 1
year, and 2 years follow-ups

Variables N Baseline 1 month 1 year 2 years

Diode No clinical pigmentation 30 0 24 23 19

Mild clinical pigmentation 4 6 7 9

Moderate clinical pigmentation 13 0 0 2

Heavy clinical pigmentation 13 0 0 0

Er,Cr:YSGG No clinical pigmentation 30 0 26 15 5

Mild clinical pigmentation 6 4 14 14

Moderate clinical pigmentation 15 0 1 8

Heavy clinical pigmentation 9 0 0 3

Statistical test Mean rank Mean rank Mean rank Mean rank

Diode laser 32.80 31.50 26.4 22.2

Er,Cr:YSGG laser 28.20 29.50 34.6 38.8

p value 0.27 0.49 0.029* 0.000*

OPI oral pigmentation index

*The mean difference is significant at the 0.05 level

Table 2 The statistical
comparison between diode- and
Er,Cr:YSGG laser groups for
melanin pigmentation index MPI
at baseline, and at the 1 month, 1
year, and 2 years follow-ups

Variables N Baseline 1 month 1 year 2 years

Diode No pigmentation 30 0 25 20 20

Solitary unit 6 5 9 7

Continuous ribbon extending 24 0 1 3

Er,Cr:YSGG No pigmentation 30 0 26 11 8

Solitary unit 8 4 16 12

Continuous ribbon extending 22 0 3 10

Statistical test Mean rank Mean rank Mean rank Mean rank

Diode laser 31.50 31.00 25.82 23.93

Er,Cr:YSGG laser 29.50 30.00 35.18 37.07

p value 0.545 0.720 0.019* 0.002*

MPI melanin pigmentation index

*The mean difference is significant at the 0.05 level
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We observed faster and complete re-epithelialization dur-
ing the first week in the Er,Cr:YSGG laser group. This might
be explained by the lower thermal damage of gingival tissue in
the erbium family of lasers compared with diode lasers. The
width of the thermally affected layer in gingival connective
tissue has been reported to be approximately 5–25 μm [29]. In
contrast to our results, and other results reported in the
literature,[14, 29] Giannelli et al. recorded prolonged healing
following erbium laser when compared to the diode [30]. The

use of different laser parameters may explain this inconsisten-
cy in the results between the studies. Although the wavelength
of each laser determines the absorption rate, characteristics of
every tissue, and the thermal effect, the emission parameters
of each laser system may influence the thermal damage

Fig. 6 a Preoperative intraoral buccal view of the patient with gingival
pigmentation in diode group. b Immediate postoperative after the ablative
depigmentation procedure with diode 940 nm laser. c The clinical
appearance 1 month postoperative. d No incidence of repigmentation
after 1 year of the treatment. e 2 years postoperative follow-up

Fig. 7 a Preoperative intraoral buccal view of the patient with gingival
pigmentation in Er,Cr:YSGG laser group. b Immediate postoperative
after the ablative depigmentation procedure with Er,Cr:YSGG 2780 nm
laser. c The clinical appearance 1 month postoperative. d Mild
repigmentation at 1 year postoperative follow-up. e Moderate
repigmentation at 2 years postoperative follow-up
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Table 3 The patients’ perceptions of morbidity and esthetic appearance after the depigmentation treatment

Treatment group Statistical test

Diode Er,Cr:YSGG Diode Er,Cr:YSGG p- value

Count Row N % Count Row N % Mean rank Mean rank

Was treatment painful? Not at all 0 0.0% 13 100.0% 5 5 1.00
Mild 0 0.0% 17 100.0%

Moderate 18 100.0% 0 0.0%

Severe 10 100.0% 0 0.0%

Very severe 2 100.0% 0 0.0%

Bleeding during the procedure No bleeding 30 62.5% 18 37.5% 8 3 0.007 *
Bleeding 0 0.0% 12 100.0%

Did you experience bleeding
after the procedure?

Not at all 0 0.0% 0 0.0% 6 5 0.513
Stopped on 1st day 0 0.0% 4 100.0%

Stopped on 3rd day 17 44.7% 21 55.3%

Stopped on 7th day 13 72.2% 5 27.8%

Stopped on 10th day 0 0.0% 0 0.0%

Did you experience pain during
the week following treatment?

Not at all 0 0.0% 5 100.0% 6.4 4.6 0.180
Mild 10 31.3% 22 68.8%

Moderate 18 85.7% 3 14.3%

Severe 2 100.0% 0 0.0%

Very severe 0 0.0% 0 0.0%

Did you experience post-surgical
discomfort in eating during the
week following treatment?

Not at all satisfied 0 0.0% 4 100.0% 6.4 4.6 0.180
Slightly satisfied 20 46.5% 23 53.5%

Moderately satisfied 7 70.0% 3 30.0%

Very satisfied 3 100.0% 0 0.0%

Extremely satisfied 0 0.0% 0 0.0%

Did you experience post-surgical
discomfort in speaking during the
week following treatment?

Not at all satisfied 0 0.0% 4 100.0% 5.2 5.8 0.729
Slightly satisfied 15 37.5% 25 62.5%

Moderately satisfied 14 93.3% 1 6.7%

Very satisfied 1 100.0% 0 0.0%

Extremely satisfied 0 0.0% 0 0.0%

Did you notice a cosmetic change during
the week following treatment?

Not at all satisfied 0 0.0% 0 0.0% 3.3 7.7 0.017*
Slightly satisfied 12 85.7% 2 14.3%

Moderately satisfied 14 70.0% 6 30.0%

Very satisfied 4 25.0% 12 75.0%

Extremely satisfied 0 0.0% 10 100.0%

Did you notice a cosmetic change during
the month following treatment?

Not at all satisfied 0 0.0% 0 0.0% 5 6 0.513
Slightly satisfied 0 0.0% 0 0.0%

Moderately satisfied 2 40.0% 3 60.0%

Very satisfied 13 68.4% 6 31.6%

Extremely satisfied 15 41.7% 21 58.3%

Did treatment meet your expectations? Not at all satisfied 0 0.0% 0 0.0% 3.6 7.4 0.031 *
Slightly satisfied 0 0.0% 0 0.0%

Moderately satisfied 15 93.8% 1 6.3%

Very satisfied 12 44.4% 15 55.6%

Extremely satisfied 3 17.6% 14 82.4%

Would you repeat treatment if necessary? No 5 62.5% 3 37.5% 4.3 6.7 0.174
Yes 25 48.1% 27 51.9%

*The mean difference is significant at the 0.05 level
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inflicted on the soft tissue [31]. Although the 940 nm diode is
absorbed mainly by hemoglobin and melanin, the
photothermal ablation of soft tissues with a diode of 940 nm
is difficult to achieve clinically without causing serious collat-
eral thermal damage due to the high energy density level re-
quired. Therefore, the initiation of the diode laser tip was
required to use low power settings (0.8 W) to raise the tem-
perature of the tip. This gives the chance to achieve tissue
excision using the thermal conducting effect when the laser
tip is in contact with the targeted tissue.

Er,Cr:YSGG laser achieved depigmentation treatment
without anesthesia, whereas infiltration anesthesia was used
in the 940 nm diode group. This finding is consistent with the
results from previous reports [14]. The free-running pulsed
mode of Er,Cr:YSGG wavelength with short pulse duration
(60 μs) provides a chance to deliver the ablation threshold
energy density in the shortest duty cycle, whereas the duration
between laser pulses was much greater than the thermal relax-
ation time of gingival tissues. Water irrigation and air are
additional features when using Er,Cr:YSGG laser, which
helps to cool down the tissue and eliminate pain during the
ablation procedure.

Unlike other research carried out in this area [14, 32], the
total time of laser irradiation was shorter in the Er,Cr:YSGG
laser group than in the 940 nm laser group. Kaya et al. report-
ed that the diode laser required a shorter treatment time than
the Er:YAG laser. In the present study, the depigmentation
procedure was completed in one session, while Kaya et al.
needed multiple sessions of laser treatment on a weekly basis
until the excess pigmentation was removed [32]. Agha et al.
found that the duration of the procedure was faster using the
diode than the Er,Cr:YSGG laser [14]. The speed of laser tip
was not recorded; in addition, the means of the total time of
treatment or total time of laser irradiation were not clear in
both previous studies.

The visualization of melanin pigments was excellent with
Er,Cr:YSGG laser compared to diode laser, which may pro-
duce carbonization at the treated surface, which confuses the
clinician with the residual pigments. Both Er,Cr:YSGG and
diode laser tips have been in a systematic manner with 30
angulations between the tip and the gum surface to assist in
the control of the excision depth and ensure that the complete
epithelium is removed.

Complete hemostasis was achieved by the diode, while
mild bleeding was recorded in some Er,Cr:YSGG clinical
cases. Diode lasers penetrate much deeper into the soft tissue,
causing sustained heat to provide rapid vessel shrinkage, un-
like the Er:YAG laser. In addition, diode laser wavelengths
are highly absorbed by hemoglobin [32].

Almost all patients perceived mild to moderate post-
surgical pain and discomfort. This finding is in good agree-
ment with many studies that have shown that the overall inci-
dence of post-surgical pain is low following laser surgery [15],

[21–23], [33]. The Er,Cr:YSGG laser group recorded the least
intraoperative and postoperative pain and the highest satisfac-
tion scores at 1 week postoperatively. These results support
our explanation that the healing process was faster in the
Er,Cr:YSGG laser group with less collateral thermal damage
than the diode laser group.

In general, the patients reported high levels of satisfaction
with good esthetic results for both treatment modalities after 1
month but with no statistical differences. The patient did not
distinguish between the homogeneous pink and pale pink ap-
pearance of the gum 1 month after the procedure, while the
examiners found that the Er,Cr:YSGG laser showed a more
homogeneous pink vital appearance for the gum in comparison
to the diode laser group. Laypersons are usually less discrimi-
nating than dentists when they judge the effects of changes in
gingival display on the perception of smile esthetics [34].

Based on our results, re-pigmentation was lower in the
diode group at 23.3% and 36.7% at 1 and 2 years of follow-
up, respectively. At 2 years, 83.3% of patients showed re-
pigmentation in the Er,Cr:YSGG laser group. More re-
pigmentation was observed in patients with a high baseline
OPI score. This finding is consistent with Agha et al.’s find-
ings [14]; follow-up after 2 years revealed that re-
pigmentation mainly occurs in the Er,Cr:YSGG patients,
whereas most patients treated with diode had no recurrence.

Multiple studies using different methods have reported differ-
ent rates of recurrence after gingival melanin depigmentation.
Re-pigmentation during the first year after treatment with erbium
lasers has been reported in past studies [18, 19]. Hegde et al.
showed more re-pigmentation in the Er:YAG laser-treated sites
than in the surgically or CO2 laser-treated sites. The authors
explained the results based on the fact that the absorption of
Er:YAG laser is superficial thus, allowing ablation without any
thermal damage to adjacent tissues [21]. Gholami et al. showed
isolated areas with light brown pigmentation in all cases treated
with Er,Cr:YSGG laser after 12months [20]. Nammour et al. in a
recent study compared the relapse rate after depigmentation after
5 years between three different laser wavelengths (Er:YAG,
CO2, and diode 980 nm) in a randomized clinical trial. Diode
lasers provide long-term stability in treatment. The Er:YAG laser
group showed the earliest return of pigmentation after an average
of 9 months [35].

In contrast to recent studies, Kaya et al. reported that
there was no re-pigmentation in any patient treated with an
Er:YAG laser. Similarly, the study reported the absence of
pigments in patients treated with diode laser for 14 months.
The multi-session protocol of depigmentation used in the
study may explain this finding [32]. Chandra et al. recorded
a slight recurrence of solitary units of pigments with mild
intensity in 50% of cases treated with diode laser after 6
months [33], while another study using a diode laser
showed that one in ten patients exhibited re-pigmentation
at 18 months [36].
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The migration of the active melanocytes from the adjacent
pigmented tissues to treated areas was suggested as a possible
mechanism of re-pigmentation [37]. The large variation in
time of re-pigmentation in different laser studies may be relat-
ed to the technique used and the patient’s race. For example,
inadequate depth of penetration of the laser beam and incom-
plete removal of melanin may lead to faster recurrence. The
Er,Cr:YSGG laser has a superficial penetration depth (15 μm)
in the gingival tissues because it is highly absorbed by water,
which is the main component of the gingival epithelium. Also
Er,Cr:YSGG laser does not coincide with the absorption spec-
trum of melanin.

On the other hand, diode lasers have deeper penetration and
are present in the absorption spectrum range of melanin. The
unintended irradiation caused by this deep thermal effect of
diode laser results in the sealing of blood vessels in the sur-
rounding tissue and may lead to delayed migration of mela-
nocytes. In addition, the diode laser might be absorbed by the
pigment-containing cells that may have become arrested in the
lamina propria, such as the melanophages or melanophores,
and also has some specific effects on the cells that reduced
their activity [38]. The functional activity of melanocytes in
the basal cell layer of the epithelium is influenced by signals
from the neighboring fibroblasts in connective tissues [39].
These factors may explain the lower rate of re-pigmentation
in diode laser-treated sites.

Conclusions

Er,Cr:YSGG 2790 nm and 940 nm diode were efficient in
removing the gingival pigments, and the clinical outcomes
were comparable at one-month post-surgery. The
Er,Cr:YSGG laser treatment as a procedure was faster, less
traumatic with shortened healing time, and an overall positive
experience for the patients in comparison with the 940 nm
diode. The long-term stability of gingival color was better in
diode laser treatment, with a lower incidence of re-
pigmentation compared to the final outcome with the
Er,Cr:YSGG laser.
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