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Diode Laser Ablation Versus
Surgical Scalpel Technique For
Gingival Depigmentation: A
Randomized Controlled Clinical
Trial
Abstract:
The aim of this study is to evaluate
and compare the clinical efficiency of
gingival depigmentation procedure with
conventional scalpel and diode laser
techniques.
Materials and methods: This study
was carried out as a randomized controlled
clinical trial, split mouth design, in which
fifteen patients having diffuse continuous
physiologic pigmentation of the gingiva
involving facial aspect of maxillary right
to left premolar area were selected. The
maxilla was divided into two halves and
randomly allotted for “study site” for
depigmentation
with
diode
laser
technique, and “control site” for
depigmentation with scalpel technique.
The studied variables were the degree of
pain, bleeding, duration of the procedure,
wound healing, and level of melanin
repigmentation. The follow-up period was
twelve months. For statistical analysis,
Wilcoxon
signed-rank
test
were
conducted.
Results: The diode laser technique
showed better results regarding pain
during the first three days, duration of the
procedure, and bleeding. There was no
significant difference between diode laser
technique and scalpel technique regarding
the wound healing and pain experienced
by the patient after one week of surgery.
Both sites showed recurrence of
pigmentation, yet it was after a shorter
period on the scalpel site.
Conclusion: The findings of the present
study
suggest
that
gingival
depigmentation was effective with both
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scalpel and laser techniques. However, the
laser treated sites showed reduced pain
experienced by the patient and better
operator comfort. Melanin repigmentation
was observed on sites treated with scalpel
and diode laser, yet faster on the scalpel
technique sites.
Subject:
Keywords: Depigmentation; Diode laser;
Repigmentation; Gingiva; Esthetics

Introduction:
Gingival health and appearance are essential components of an
attractive smile. Gingival pigmentation is a discoloration of the gingiva due to
a variety of lesions and conditions associated with several endogenous and
exogenous etiologic features (Kauzman et al., 2004).
Gingival pigmentation may be classified as physiologic (ethnic/racial)
or pathologic. Physiologic pigmentation occurs due to greater melanocyte
activity rather than greater number of melanocytes. Attached gingiva is the
most common site of such pigmentation (Kauzman et al., 2004).
Pathologic gingival pigmentation can be the result behind several factors or
diseases of which are endocrine disease (Addison’s disease) (Fiorelline et al.,
2011), exposure to heavy metals (Fiorelline et al., 2011), a variety of
medications (drug induced) (Bortuluzzi et al., 2007), long standing
inflammatory mucosal lesions (lichen planus) (Kauzman et al., 2004),
smoking associated melanosis which is of the most encountered (Hedin and
Larsson,
1987),
hemangioma
(Kauzman et al., 2004), iatrogenic causes including accidental displacement
of amalgam in oral soft tissues (Meleti et al., 2008), oral melanoacanthoma
(Carlos-Bregni et al., 2007), haemochromatosis membrane (Carlos-Bregni et
al., 2007).
Different procedures have been proposed for gingival depigmentation.
Roshni & Nandakumar in 2005 classified different gingival depigmentation
methods as methods used to remove the gingival pigmentation, including
surgical methods like scalpel surgical technique, bur abrasion method, electrosurgery, cryosurgery, lasers, and radiosurgery; and chemical methods, and
methods used to mask the gingival pigmentation like free gingival graft and
acellular dermal matrix allograft (Malhotra et al., 2014).
The scalpel method is one of the most economic techniques and also does not
require extensive armamentarium. Moreover, it is known that the healing
period for scalpel wounds is faster than other techniques (Javali et al., 2011).
However, scalpel surgery causes bleeding during and after the procedure.
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Though the initial results of depigmentation procedure are highly encouraging,
repigmentation is a possibility.
Laser ablation of gingival depigmentation has been recognized as one
of the effective, pleasant and reliable techniques (Prabhuji et al., 2011). It is
usually sufficient to eliminate the pigmented areas and does not require any
periodontal dressing (Javali et al., 2011). It also shows reduced pain and
discomfort due to formation of protein coagulum. Meanwhile, it allows clean
and dry operating field and stable results (Simsek Kaya et al., 2012). However,
it has its own disadvantages of delayed wound healing, thermal damage, deep
penetration and the comparably high costs of the procedure (Kumar et al.,
2013).
In light of the above information, this study was conducted in order to evaluate
and compare the clinical efficiency of gingival depigmentation procedure with
conventional scalpel technique and diode laser technique.
Materials and Methods:
This study was carried out as randomized controlled clinical trial, split
mouth design. Allocation of quadrants into “study site” and “control site” was
done randomly through using computerized generated randomization table
(www.randomizer.org). On the study site, gingival depigmentation was
performed by diode laser, while on the control site, gingival depigmentation
was performed by scalpel technique.
After receiving the approval from the Institutional Ethical Council, and
after university Institutional Review Board approval (IRB code: 2019-0065D-M-0306), a total of fifteen patients between the ages of 18 and 50 were
selected from the outpatient clinics of the Oral and Surgical Sciences
Department Division of Periodontology at Beirut Arab University, Faculty of
Dentistry, Beirut, Lebanon. Patients were selected to fulfill inclusion and
exclusion criteria. Inclusion criteria: diffuse continuous physiologic
pigmentation of the gingiva involving facial aspect of the maxillary right to
left premolar area, periodontally healthy patients, age between 18 and 50 and
including both genders. Exclusion Criteria: pregnant and lactating women,
medically compromised patients, smokers, patients having history of postsurgical keloid, patients in whom gingival hyper-pigmentation was associated
with other syndromes, lesions, and conditions (like occupational hazards) and
patients with any metallic restoration or undergoing orthodontic treatment.
The patients were diagnosed according to Dummett-Gupta oral
pigmentation (DOP) (1964) index and the level of gingival hyperpigmentation
was graded (figure 1). They were informed about the nature of the study and
signed an informed consent.
All patients underwent oral prophylaxis and were asked to follow oral
hygiene instructions. The depigmentation procedure was performed using
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diode laser (Biolase epic diode laser 940 nm wavelength, USA) on the study
site and the scalpel on the control site.
Figure 1: Diffuse medium
clinical pigmentation with
DOP score 2.

Figure 2: Diode laser
machine armamentarium.

Diode Laser Procedure (Study Site): The depigmentation was carried out
using Biolase epic diode laser 940 nm wavelength machine (figure 2). The
area was anesthetized using 20% lidocaine gel (figure 3). The laser beam was
operated under the following parameters: continuous wave mode, initiated tip,
power setting of 1.5 W and energy 120 mJ. Laser safety protocols were
followed as per Food and Drug Administration (FDA) guidelines. The laser
tip was used in contact mode on the pigmented part of the gingiva. The
ablation was performed using paint brush strokes from the mucogingival
junction to the free gingival margin. High suction tip was kept close to
working area in order to aspirate fumes and heat (figure 4). Sterile gauze
soaked in saline was used to remove the char formed over the surface of the
surgical area. Thorough examination was carried out to make sure all the
pigmented epithelium was removed (Suragimah et al., 2016).
Figure 3: Topical anesthesia
application on study site (right side).

Figure 4: Gingival depigmentation by
diode laser on study site (right side).

Scalpel Procedure (Control Site): Local anesthesia was obtained with
infiltration (2% Lidocaine with adrenaline 1:2,00,000) (Lignospan standard,
Septodont) in relation to the surgical site (figure 5). The gingival epithelium
90
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was excised with Bard Parker blade number 15. The excision involved the
entire pigmented area extending from the free gingival margin to the
mucogingival junction from the midline extending to the first premolar, with
the blade placed almost parallel to the long axis of the teeth with care taken
not to expose the underlying bone (figure 6). Orban’s knife (Osung, Korea)
was used to remove the residual epithelium in the interdental areas and the
remaining tissue tags were removed using surgical scissors. Bleeding was
controlled by using pressure packs to achieve hemostasis (Harpreet et al.,
2014).
Figure 5: Local anesthesia
infiltration on control site (left side).

Figure 6: Gingival depigmentation by
scalpel on control site (left side).

Patients were instructed to avoid the consumption of hot and spicy foods
for the first 24 hours and were advised to use chlorohexidine mouth wash twice
a day for one week. Analgesic (400 mg ibuprofen (Brufen, Abbot Laboratories
Limited, UK)) was prescribed according to the severity of pain (Suragimah et
al., 2016). Follow-up visits were done at day three and seven post-operative,
and three, six, and twelve months.
Methods of Scoring:
The pain experienced during the procedure was recorded immediately
after the procedure and also on the third and seventh day. The subjects were
asked to rate the degree of pain on a 10 cm horizontal visual analog scale
(VAS) with two endpoints where 0 = no pain and 10 = worst pain possible.
Bleeding was assessed immediately after the procedure. A clean, dry
wound was recorded as “0 = no bleeding”, wound with mild oozing of blood
“1 = oozing”, and bleeding sufficient to fill the mouth with blood frequently
“2 = active bleeding” (Varghese et al., 2015).
Duration of the procedure from start of incision/laser application till the
end of the procedure was recorded in minutes.
Wound healing was assessed on the third and seventh days after the
procedure as per Healing Index of Landry, Turnbull and Howley (table 1)
(figures 7, 8, 9) (Bansal et al., 2016) (Chawla et al., 2016) (Pippi 2017).
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Table 1: wound healing as per Healing Index of Landry, Turnbull and Howley.
Bleeding
Healing
Tissue
Granulati
Suppurati
on
Incision margin
index
color
on tissue
on
palpation
Loss of
≥50% of
1.Very
epithelium
Yes
red
Yes
Yes
Poor
beyond incision
gingiva
margin
≥50% of
Exposed
2.Poor
red
Yes
Yes
connective
No
gingiva
tissue
25-50% of
No exposed
3.Good
red
No
No
connective
No
gingiva
tissue
<25% of
No exposed
4.Very
red
No
No
connective
No
Good
gingiva
tissue
No exposed
5.Excell
All pink
connective
No
No
No
ent
tissues
tissue

Gingival pigmentation was assessed at baseline, three months, six months,
and twelve months (figures 10, 11, 12) according to DOP index as follows:
Score
0:
pink
tissue
(no
clinical
pigmentation)
Score 1: mild light brown tissue (mild clinical pigmentation)
Score 2: medium brown or mixed brown and pink tissue (moderate clinical
pigmentation)
Score 3: deep brown/blue-black tissue (heavy clinical pigmentation).
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Results:
A total of fifteen patients (4 males and 11 females) diagnosed clinically
with diffuse clinical gingival pigmentation ranging from moderate to heavy
pigmentation (DOP score 2-3) involving the facial aspect of the maxillary
right to left premolar area, were enrolled in the study. Their ages ranged from
18 to 35 with mean age of 25.53 years (+/- 4.12). No patients dropped out.
Eight patients had the right maxillary quadrant allocated as “study site”
and the left as “control site”. The other seven patients had the left maxillary
quadrant allocated as “study site” and the right as “control site”.
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All patients were followed up for one year and the results were registered
as: clinical variables.
Clinical Results:
During the twelve months of postoperative follow up, all patients from the
selected sample showed no postoperative inconveniences.
Wilcoxon Signed Ranks Test is a non-parametric statistical hypothesis
test. It is used to compare the repeated measurements on a single sample. It is
a nonparametric test that can be used to determine whether two dependent
samples were selected from populations having the same distribution. The test
was used because data are paired and come from the same population, each
pair is chosen randomly and independently, and the data are measured on an
interval scale.
Pain was measured during surgery and after the third and seventh days.
Variations in pain were compared between those on the study site (diode laser)
and control site (scalpel) (figures 13, 14a, and 14b). A Wilcoxon signed-rank
test was conducted. There were significant differences between scalpel and
laser during surgery (Z= -2.858, p= 0.004), and during the first three days (Z=
-2.121, p= 0.034). However, there was no significant difference between
scalpel and laser on day seven (Z=0.000, p= 1) (table 2).
Table 2: Test Statistics of Pain.
Test Statisticsa
Scalpel day 0 –
Laser day 0

Scalpel day 3 –
Laser day 3

Scalpel day 7 –
Laser day 7

Z

-2.858b

-2.121c

.000d

Asymp. Sig.
(2-tailed)

0.004

0.034

1.000

a. Wilcoxon Signed Ranks Test
b. Based on positive ranks.
c. Based on negative ranks.
d. The sum of negative ranks equals the sum of positive ranks.
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Figure 13: Box plot graph showing variations in the median of the degree of pain between
laser and scalpel during surgery, three days and seven days after surgery.

Figure 14a: Line graph showing variations in pain upon scalpel during surgery, three and
seven days after.

Figure 14b: Line graph showing variations in pain upon laser during surgery, three and
seven days after.
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Bleeding was assessed and recorded directly after both procedures (figure
15). A Wilcoxon Signed Ranks Test was conducted. There was significant
difference between scalpel and laser (Z= - 3.626, p= 0.000), where the record
was zero (no bleeding) with laser with all patients, where as it varied between
1 (oozing) and 2 (active bleeding) with scalpel (table 3).
Table 3: Test statistics of bleeding.
Test Statisticsa
Scalpel - Laser
-3.626b
Z
.000
Asymp. Sig. (2tailed)
a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.

Patient
number

Figure 15: Line graph showing variations in bleeding between laser and scalpel surgeries.

Duration of the procedure was measured in minutes (figure 16). A
Wilcoxon Signed Ranks Test was conducted. There was significant difference
between scalpel and laser (Z= - 2.675, p= 0.007). It was evident that scalpel
procedure took more time in most cases than the laser procedure (table 4).
Table 4: Test statistics of duration of procedure.
Test Statisticsa
Scalpel 0 – Laser 0
-2.675b
Z
.007
Asymp.
Sig. (2tailed)
a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.
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Patient
number

Figure 16: Line graph showing variations in duration of procedure between laser and
scalpel surgeries.

Wound healing on both sites was assessed and compared on the third and
seventh days post-operative (figure 17). A Wilcoxon Signed Ranks Test was
conducted. There was no significant difference between scalpel and laser on
the third day (Z= - 1.890, p= 0.059) nor on the seventh day (Z= 0.000, p=
1.000) (table 5).
Table 5: Test statistics of wound healing.
Test Statisticsa
Scalpel 3 - laser_3
Z
Asymp. Sig. (2tailed)

-1.890b
.059

Scalpel 7 laser_7
.000c
1.000

a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.
c. The sum of negative ranks equals the sum of positive ranks.
Figure 17: Compound bar graph showing variations in wound healing between laser and
scalpel surgeries on third and seventh days.
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Gingival pigmentation was assessed according to DOP index at baseline,
three, six, and twelve months for appearance of repigmentation (figure 18). A
Wilcoxon Signed Ranks Tests were conducted. There was no significant
difference between scalpel and laser on the third month (Z= -1.414, p= 0.157),
yet there were significant differences on the sixth month (Z= -2.000, p= 0.046)
and the twelfth month (Z= -2.121, p= 0.034) for the benefit of laser (table 6).

Z
Asymp. Sig.
(2-tailed)

Table 6: Test statistics of DOP score.
Test Statisticsa
Scalpel 0 –
Scalpel 3 –
Scalpel 6 –
Laser 0
Laser 3
Laser 6
.000b
-1.414c
-2.000c
1.000
.157
.046

Scalpel 12
– Laser 12
-2.121c
.034

a. Wilcoxon Signed Ranks Test
b. The sum of negative ranks equals the sum of positive ranks.
c. Based on negative ranks.
Figure 18: Compound bar graph showing variations in DOP score between laser and scalpel
from baseline (zero) to twelve months.

Discussion:
Various methods have been used for depigmentation, each with its own
merits and limitations. Gingival depigmentation performed in this study with
a blade (scalpel technique) was precise, definite and under control. With this
technique, it was possible to appreciate the depigmented areas immediately
and did not leave room for any residual pigments. However, this technique
required the use of local anesthesia, resulted in hemorrhage and required
immense care while excising the epithelium in order not to expose the bone or
create gingival recession. Comparatively, the use of the scalpel technique for
depigmentation is the most economical as compared with other techniques that
require more advanced armamentarium (Bhusari and Kasat, 2011).
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Laser light at 800-900 nm is poorly absorbed in water but highly absorbed
in hemoglobin and other pigments (Cobb 2006). Since the diode laser does not
interact with dental hard tissues, the diode laser is an excellent soft tissue
surgical laser, indicated for cutting and coagulating gingival and oral mucosa.
The diode laser exhibits “hot-tip” effect caused by heat accumulation at the
end of the fiber, and produces a relatively thick coagulation layer on the treated
surface.
The visual analog scale was used to assess the pain perception during and
after the treatment. Laser depigmentation procedure as compared to scalpel
procedure had higher pain scores during the procedure, and that is due to the
difference in anesthesia application. During the following three days,
postoperative pain on laser sites was significantly less than on scalpel sites (p=
0.034). The increased pain perception associated with the scalpel might be
attributed to the fact that it is a more intrusive surgical procedure involving
blood loss and a wide open surgical wound. On day seven, there was no
statistical significant difference between both groups in terms of pain
perception (p=1>0.05). The findings of the present study run parallel to the
study conducted by Suragimah et al. (2016), who concluded that postoperative
pain experienced by the patients with laser treatment was less compared to
scalpel technique during the first days only, but on the seventh day, there is no
difference between the two techniques.
In this study, bleeding during surgery was assessed between both
techniques. Laser treated sites showed no bleeding unlike the scalpel treated
sites. The findings of the present study are consistent with the studies
conducted by Lagdive et al. (2009) and Lee et al. (2011). This may be because
laser has the ability to cut and coagulate tissues. The protein coagulum formed
on the wound surface acts as a biological dressing and seals the ends of the
capillaries and venules, reducing the bleeding during laser surgery.
Comparison of the duration taken by each procedure by the operator
showed that laser technique took less time. Laser technique was easy to
perform due to absence of bleeding during the operative surgery and was less
technique-sensitive compared to scalpel technique. The difference was
statistically significant (p=0.007). The result of the current study is
comparable to the study conducted by Simsek Kaya et al. (2012).
Wound healing was assessed on day three and day seven. On day three,
scalpel treated sites showed faster healing compared to laser treated sites, but
this did not reach a statistically significant level (p= 0.059). The findings of
the present study are consistent with the study conducted by Kasagani et al.
(2012). In both techniques, evaluation on day seven revealed restoration of
normal features of the gingiva without any scar formation. Thus the healing of
depigmented gingiva was uneventful irrespective to the techniques used.

99

European Scientific Journal, ESJ
October 2020 edition Vol.16, No.30

ISSN: 1857-7881 (Print) e - ISSN 1857-7431

Melanin pigmentation score was evaluated by DOP index preoperatively,
three months, six months, and twelve months postoperatively. The results of
evaluation of repigmentation after three months did not show statistically
significant difference between both sites (p=0.157). At six and twelve months,
repigmentation at laser sites was significantly less than that occurred on
scalpel sites (p=0.046 and p=0.034). The decreased intensity of pigmentation
may be due to the lesser production of pigments. The intensity may increase
with time and may reach to pre-treatment level as it depends on the racial
background of the patient. The results are consistent with the finding of
Bergamaschi et al. (1993), who demonstrated that permanent results cannot be
offered when gingival depigmentation procedures are performed for cosmetic
reasons.
The mechanism of repigmentation is still not understood, but according to
the migration theory, active melanocytes from the adjacent pigmented tissues
migrate to the treated areas, causing failure. Reports of repigmentation are
quite limited and varied.
Several limitations were faced during the conduction of this study, among
which is collecting patients with hyper-pigmented gingiva in the Middle
Eastern sector. Moreover, meeting the non-smokers exclusion criteria was
challenging since a significant portion of the Lebanese population are heavy
smokers (either cigarettes or hookah). In addition to that, it can be harder to
convince patients to go through an esthetic procedure than convincing them
with a treatment of a disease procedure. Last but not least, scheduling a followup appointments was tough, numerous phone calls were required because the
patients came from different regions of the country.
Conclusion:
As per this study, gingival pigmentation is effective with both scalpel and
laser techniques. Laser treated sites showed reduced pain experienced by
patient during the first three days only. As for the operator comfort, it was
better in case of laser technique compared to scalpel technique, due to absence
of bleeding and ease of use. Both techniques did not result in any postoperative complication and the gingiva healed uneventfully. Recurrence rate
of gingival repigmentation was faster in scalpel technique as compared to laser
technique.
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