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ABSTRACT

Purpose: The current study aimed to assess the difference in the clinical outcome 
of the removal of gingival hyperpigmentation and patient satisfaction of different 
techniques used for gingival depigmentation, namely; scalpel surgical technique, laser 
therapy, and vitamin C injection. Subject and methods: A total of thirty patients with 
gingival hyperpigmentation were included in this study. They were randomly divided 
into three equivalent groups to be managed with different gingival depigmentation 
techniques. Group I (control group; n = 10) involved patients treated with the scalpel 
surgical technique using scalpel 15. Group II (test group 1; n = 10) involved patients 
treated with diode laser. Group III (test group 2; n = 10) involved patients treated through 
Ascorbic acid injections. All patients were followed up with for 3 months. Clinically, 
pain was evaluated for each patient by using visual analog scale (VAS), Calculation of 
surface area of gingival pigmentation and re-pigmentation was assessed. Calculation 
of darkness value of gingiva using Image J intensity was assessed. Results: Laser and 
Ascorbic acid groups showed less pain at the surgical site and with the follow up, 
all three groups showed no sign of re-pigmentation after 3 months. Conclusion: The 
aesthetic effects of these three alternative treatments were outstanding and comparable, 
according to the current study with significant difference statically in pain perception, 
intensity darkness value and insignificant difference statically in re-pigmentation after 
3 months follow up.  

INTRODUCTION

A smile conveys enjoyment, self-assurance, confidence, and beauty. 
Gingiva, teeth and lips, are important parts of a beautiful and confident 
smile(1).
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Gingival hyperpigmentation caused by 
excessive production of melanin can be unsightly, 
especially if it is paired with a prominent smile line, 
higher anterior labial segment, and is uneven in 
appearance. It is a condition that affects people of 
different ethnicities(1).

Normal gingiva is a coral pink color. In different 
races and areas, the texture and color of the gingiva 
may vary. Gingival pigmentation can take the 
form of a broad purple discoloration or irregularly 
formed brown patches whether dark or light or 
black patches, strikes, or strands(2).

The color of your gingiva is dependent on many 
factors. The number and size of capillaries, thick-
ness of epithelium, keratinization degree, and pig-
ments which are present in the gingival epithelium 
all contribute to the gingival color. The primary pig-
ments which contribute to the normal color of the 
oral mucosa are melanin, carotene, decreased hae-
moglobin, and oxy-haemoglobin(3).

Melanocytes are the cells that produce melanin, 
which is the pigment that causes the abnormal 
gingival pigmentation. It is common knowledge that 
melanocytes exist in the oral epithelium. Melanin 
protects the skin from harmful environmental 
factors like UV light and reactive oxygen species(4).

Excessive discoloration and darkening of the 
gingival mucosa are known as gingival hyperpig-
mentation. It is defined as increased melanin accu-
mulation in the epithelium’s basal and suprabasal 
cell layers, which is not considered a pathological 
condition(5).

Removal of the gingival hyperpigmentation is 
a periodontal aesthetic procedure that removes or 
reduces the excess gingival pigmentation using a 
variety of methods. It’s primarily due to patient’s 
need for better aesthetics and more beautiful smile. 
Depigmentation treatments of various kinds have 
been used. The technique should be decided by the 
operator based on clinical experience and personal 
preference(6-8).

The goal of depigmentation is to give patient a 
better esthetic appearance with optimal comfort. 
There are various treatment modalities for esthetic 
depigmentation such as abrasion of tissues with 
diamond bur, slicing with scalpel, cryosurgery, 
electrosurgery, gingivectomy with free gingival 
autografting, Ascorbic acid injection and various 
types of lasers. This all come with different patient 
comfort, operator’s ease, complications, clinical 
outcome, and prognosis(6,7).

Almost no patient discomfort, minimal or no 
anesthesia, operator friendliness, low technique 
sensitivity, negligible or no bleeding during surgery, 
minimal destruction of the surrounding tissues, 
minimal post-surgical complications and lastly an 
excellent outcome which can be sustained over a 
prolonged period of time are all requirements for an 
ideal treatment method(9). 

The Scalpel surgical procedure was one of the 
earliest methods for gingival depigmentation to be 
reported, and it is now still the most popular and 
gold standard treatment modality. This procedure 
is contraindicated in thin gingival areas because 
the removal of pigmented gingival epithelium with 
the thin gingival biotype can result in gingival 
recession(10,11).

Split thickness epithelial excision is another 
name for the scalpel surgical method. The traditional 
scalpel procedure entails surgical removal of gingival 
epithelium with a 15-blade sized scalpel(10,11).

The most ideal condition for performing the 
surgical method is thick gingival biotype. In order 
to decrease the recurrence rate, enough gingival 
tissue thickness must be removed. Even in thicker 
gingival biotypes, the marginal and interdental 
papillary tissues are essential to be preserved. The 
biotype of these areas is not always the same as the 
biotype of the remaining gingival tissues(12).

Various types of lasers, particularly diode lasers 
which are soft tissue lasers, have been used for 
gingival depigmentation. When energy is delivered 
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in the presence of a pigment, the laser develops a 
unique affinity for melanin or dark pigments and 
performs better giving better results. During or after 
surgery, there are no indicators of discomfort, pain, 
or bleeding(12-14).

Lasers are good for gingival depigmentation 
because they penetrate deeply and are absorbed 
easily by the melanin. The diode laser’s profound 
thermal impact causes unintended irradiation, 
which blocks blood capillaries in the surrounding 
tissue, potentially delaying melanocyte migration. 
A hot tip, created by heat accumulation at the fiber’s 
end, causes the thermal effect of a diode laser. 
Furthermore, pigment-containing cells such as 
melanophages and melanophores that have become 
lodged in the lamina propria might absorb the diode 
laser, delaying re-pigmentation.(15-17).

Topically applied, trans-dermally, or 
intravenously injected vitamin C (ascorbic acid) 
are some of the methods that are utilized in skin 
depigmentation. Both immune and host cells 
require vitamin C, for nutrition. Collagen synthesis, 
photoprotection, skin layer strengthening, melanin 
reduction, free radical scavenging, and immune 
system augmentation are all stimulated by vitamin 
C (L-ascorbic acid)(12,18).

Vitamin C, often known by its chemical name 
ascorbic acid (AA), is a water-soluble antioxidant 
that is lost in substantial amounts during food 
preparation. AA plays an essential role in the 
maturation and maintenance of bones, ligaments, 
gums, teeth and blood vessels, as well as other 
metabolic functions. In healthy adults, the daily 
essential dose of AA is (40–60) mg(19).

Because of its direct effect on melanogenesis, 
vitamin C has been proven to be beneficial in 
depigmentation. Melanin is thought to operate as 
a storage site for reactive oxygen species (ROS), 
copper (Cu), and calcium (Ca) in cells. It interacts 
with the copper (Cu) ions at the tyrosinase active 

site after entering the target tissue, thus inhibiting 
the enzyme tyrosinase and lowering melanin 
production. This results in a lack of ROS, Cu, and 
Ca, which then reduces melanin formation because 
calcium is required for the formation of Cadherins, 
So a calcium deficit causes the failure of melanocytes 
to form cellular attachment to keratinocytes. This 
attachment to keratinocytes acts as a stimulator for 
melanocytes, causing them to produce melanin, and 
transfer the produced melanin to adjacent cells, So 
the failure of this attachment causes the stopping 
of the melanogenesis process and reducing the 
amount of melanin produced, and thus aiding in the 
treatment of gingival hyperpigmentation(20,21).

SUBJECT AND METHODS

Patients Selection:

This study was performed on 30 patients selected 
from the Outpatient Clinic, Department of Oral 
Medicine, Periodontology and Diagnosis, Faculty 
of Dentistry, Al-Azhar University (Girls Branch), 
Cairo Egypt. The study population consisted of age-
matched patients. The technique was prescribed 
each patient in detail. A written consent was 
signed for each included participant who agreed to 
participate voluntarily prior to the start of the study. 
The research design was approved by the Ethics 
Committee, Faculty of Dentistry, and Al-Azhar 
University. Approval number is REC-ME-21-04.

Patients were chosen based on the following 
inclusion criteria: Subjects with physiologic hyper-
pigmentation of the gingiva in the aesthetic zone 
(anterior labial area), Subjects seeking for esthetic 
improvement, Age between 20 and 35 years old, 
Periodontally healthy subjects and good oral hy-
giene, Subjects who have high and very high smile 
line. Patients who were excluded are former and 
current smokers, Patients with compromised sys-
temic health, pregnant and/or lactating women, 
and gingival pigmentation due to other causes than 
physiologic pigmentation(22).
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Sample Calculation:

Power calculation test was performed, setting an 
effect size = 0.80, α = 0.05, and a power at 80%. 
The sample size calculation showed a requirement 
for 8 subjects per group. Accordingly, at the present 
study, 10 subjects will recruit per group, Subjects 
will be divided randomly into 3 different groups 
according to the treatment regimen of gingival 
de-pigmentation (23). Group I, (Surgical group): 
Will consist of 10 patients and will be treated by 
the scalpel surgical technique, Group II, (Laser 
group): Will consist of 10 patients and will be 
treated by soft-tissue diode laser with wavelength 
range 810–980 nm, Group III, (vit. C group): Will 
consist of 10 patients and will be treated by the 
injection of Vitamin C.

Clinical Evaluation: Clinical evaluation was 
performed at baseline, 15 days, 30 days and 90 
days intervals, to record the following: Calculation 
of surface area of gingival pigmentation and re-
pigmentation as described by Perlmutter 1986, 
Calculation of darkness value of gingiva using Image 
J intensity values, Visual Analogue scale (VAS), for 
pain and patient satisfaction, was assessed at 7th, 
10th, and 15th day of the operation(23).

Calculation of the surface area of gingival 
pigmentation and re-pigmentation as described by 
Perlmutter 1986 was performed through measuring 
the height of the hyper pigmented gingival tissue and 
width of the hyper pigmented gingival tissues before 
the procedure and measuring the re-pigmented 
areas if present at the follow-up periods, using the 
periodontal probe for accurate measurements(24).  

The darkness intensity values were measured 
using an image analysis software called Image-J 
using standardized photographs. The total 
surface area from maxillary canine to canine was 
measured. The measurement of the intensity of the 
pigmentation is based on the image histogram by 
the software expressed in mean grey scale values 

from 0-255.2. Comparison of the values were 
performed using pre operative and post operative 
standardized photographs to detect the difference in 
the gingival darkness intensity value at baseline and 
then at 15 days, 30 days and 90 days thus indicating 
the result of the depigmentation process in regards 
to decreasing the darkness intensity value and 
removing the gingival hyperpigmentation(23). 

Statistical Analysis: 

The different clinical, parameters for all subjects 
at all groups will be analyzed statistically using 
student t test and ANOVA test.  

Pre-surgical preparation: 

After patient selection, initial periodontal 
treatment consisted of scaling using ultrasonic 
instruments was performed prior to any procedures. 
Then routine records of all the patients such as 
recording the pre-treatment calculation of the 
surface area of the gingival pigmentation, extra oral 
and intra oral photographs, have been done pre-
operatively for every patient. The calculation of 
the surface area of the gingival pigmentation was 
carried out using the periodontal probe to measure 
the height and the width of the pigmented surface 
related to each tooth in the anterior aesthetic zone 
as in (Figure 1, and 2).

Figure (1) Measuring the width of the pigmented tissue
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Figure (2) Measuring the height of the pigmented tissue

Surgical Phase:

Group A (Surgical group): Six maxillary and 
mandibular anterior teeth were infiltrated with 4 % 
Articaine hydrochloride as a topical anesthetic. The 
pigmented gingival epithelium, as well as a layer 
of the underlying connective tissue, were surgically 
removed using a disposable surgical blade #15c, as 
indicated in (Fig. 3).

Figure (3) Showing the scalpel used for removal of gingival 
epithelium

From the distal surface of the last tooth in the 
aesthetic zone on the right side to the distal side of 
the last tooth in the aesthetic zone on the left side, 
the scalpel was employed. The mandibular arch was 
surgically excised as well from canine to canine. 

Bleeding was managed by applying pressure 
using sterile gauze. Post-surgical instructions 
were given to the patient, all patients were 
monitored(14,25,26).

Group B (Laser group):  Six maxillary and 
mandibular anterior teeth were infiltrated with 4% 
Articaine hydrochloride as a topical anesthetic. 
Protection goggles were worn by both the patient 
and the surgical crew. Depigmentation was done 
with the K2 Mobile portable laser unit from the 
HULaser firm in Korea. The laser utilized was 
a diode laser with a wavelength of 980 nm and a 
power of 1.0 W. The laser beam’s emission mode 
is continuous beam cutting, as indicated in (Fig. 4). 
The ablation in the maxillary arch began at the distal 
surface of the last tooth in the aesthetic zone on the 
right side and progressed to the distal surface of the 
last tooth in the aesthetic zone on the left side. The 
mandibular arch was ablated from canine to canine 
as well(27-29).

Figure (4) Showing the direction of the laser beam.

Group C (Vit. C group): Six maxillary and 
mandibular anterior teeth received topical anesthetic 
infusion of 4% Articaine hydrochloride in the muco-
buccal fold. In the upper and lower arches, 1.5mL 
(200-300mg concentration) of L-ascorbic acid 
(Pascorbin – Ascorbic Acid by Pascoe company- 
Germany) were injected into the gingiva. Using 
a 30-gauge needle, it was introduced locally in 
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connection to the keratinized gingival tissue, with 
expansion throughout the entire aesthetic region 
in the maxillary and mandibular arch. With the 
bevel facing upwards the needle was inserted 
parallel to the tissues. Vit C was injected into the 
epithelium-connective tissue junction until the 
tissues blanched, as indicated in (Fig. 5). Each point 
received a maximum of 0.1 ml of ascorbic acid, 
spaced 2-3 mm apart. The same dosage was given 
once a week for a total of four visits, or until no 
more color improvement was noticed. Post-surgical 
instructions were given to the patient, all patients 
were closely monitored(12).

Figure (5) Showing the direction of the needle and blanching 
of the tissues.

RESULT

In the present research, 30 healthy individuals 
aged 20 to 30 years were enrolled. They were split 
into three groups, each with ten patients., Group A 
was treated using surgical excision, Group B was 
treated using diode soft tissue laser and Group C was 
treated using gingival injection of vit C for gingival 
hyperpigmentation. All the patients completed the 
study and all were satisfied with the new healthy 
gingival look.

Clinical evaluation was performed at baseline, 
15 days, 30 days, and 90 days intervals, which 
included Calculation of surface area of gingival 

pigmentation and re-pigmentation as described by 
Perlmutter 1986 and Calculation of darkness value 
of gingiva using Image J intensity values.  Visual 
Analogue Scale (VAS) was assessed at 7th, 10th and 
15the day of the depigmentation procedures.

As regards to mean values of darkness intensity 
for the group A (scalpel group) at base line, it 
recorded 232.960+23, and after 15 days of the 
operation it recorded 210.762+46. At 30 and 90days 
intervals it recorded 205.119+77and 203.645+59 
respectively. The gingiva is shown at baseline and 
after the 90 days follow up as shown in (Fig. 6) 
and (Fig. 7) respectively. There was a significant 
statistical difference only between the baseline 
records and 15-day intervals. (p=0.005) as shown 
in (Fig. 8).

Figure (6) Showing Baseline for (Surgical group) 

Figure (7) Showing 90 days follow-up for (Surgical Group)
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Figure (8) Showing the difference in the mean darkness values.

Group B (Laser group) at 15 days interval 
showing better records when compared with the 
base line records, where it records 236.960+59 at 
base line and 186.570+87 at 15 days interval. The 
improvement of the grey scale was continued till 
30 days interval, where it recorded 180.45+74, and 
at the end of the study it recorded 190.367+27 as 
shown in (Fig. 11). The gingiva is shown at baseline 
and after the 90 days follow up as shown in (Fig. 9) 
and (Fig. 10) respectively. There was a statistically 
significant difference only between the baseline 
records and 15 days intervals (p=0.005) as shown 
in (Fig. 11).

  

Figure (9) Showing Baseline for (Laser group)   

Figure (10) Showing 90 days follow-up for (Laser group)

Figure (11) Showing darkness value intensity for the laser group

As regards to the mean grey scale value for the 
Vit. C group (group c) it was recorded 237.910+26 at 
base line, and 220.830+92, 223.7+67 and 214.37+53 
at 15, 30 and 90 days intervals respectively. The 
gingiva is shown at baseline and after the 90 days 
follow up as shown in (Fig. 12) and (Fig. 13) 
respectively. There was no statistically significant 
difference between the four follow-up intervals. 
(p=0.005) as shown in (Fig. 14).

   When comparing the mean values of darkness 
intensity of the gingiva between all the three groups 
at base line, there was no statistically significant 
difference between the groups. While at 15 days 
intervals there was a statistically significant 
difference between all the examined groups, on 
which the laser group recorded the lowest darkness 
intensity values. These decreased values recorded at 
15 days interval continued until the end of the study.
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As regard to pain and discomfort evaluation 
recorded by VAS, only 5 patients operated with 
scalpel at group A complained of moderate pain at 
15 days interval but patients treated with diode laser 
and vit c injection, showing only slight or no pain. 
However, the pain almost diminished 1 week after 
the surgery.

Figure (12) Showing Baseline for (Vit C group) Figure

Figure (13) Showing 90 days follow-up for (Vit C group)

Figure (14) Showing darkness intensity values for Vit C group.

DISCUSSION

A smile can convey a variety of emotions, 
including enjoyment, success, confidence, and 
kindness. The gingival tissues, especially in those 
with gummy smiles, have a role in the harmony 
of the smile, along with the shape, location, and 
color of the teeth and lips. The majority of patients 
with gingival hyperpigmentation regards it as an 
aesthetic issue(7).

     The purpose of this study was to compare 
and evaluate the efficacy of three distinct gingival 
depigmentation techniques: scalpel surgery, laser 
therapy, and vitamin C injection. The current study 
included 30 patients with aesthetic zone gingival 
hyperpigmentation who were seeking treatment for 
their hyperpigmented gingiva. Patients were chosen 
based on a set of precise inclusion and exclusion 
criteria. The selected patients ranged in age from 20 
to 35 years old. A patient over the age of 20 can 
comprehend the depigmentation methods as well as 
the vocal and written instructions(28,30).

     Patients who practiced smoking were not a 
part of the trial because smoking causes melanocytes 
to become activated and produce melanin when 
stimulated. Nicotine and benzopyrenes are 
polycyclic amines that have been shown to enter the 
oral mucosa and cohere to melanin as a result of 
smoking. This melanin hyperpigmentation has been 
referred to as “smoker’s melanin”(28,30).

     Pain after surgery is a complicated 
phenomenon that is influenced by some variables 
such as psychological, environmental, and physical 
variables. In comparison to the spoken rating scale, 
the visual analogue scale (VAS) is a more reliable 
and trusted way to assess pain in clinical situations. 
The VAS was employed in this study to assess 
each patient’s subjective pain level. It consists of a 
simple flat line ranging from 0 to 10, starting at the 
left side ending with “no pain” and ending at the 
right ending with “worst severe pain.” Patients were 
asked to rate the degree of their pain on a scale of 
one to ten(31).
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Only 5 patients who were operated on with a 
scalpel reported moderate discomfort 15 days later, 
whereas patients who were treated with a diode laser 
and vitamin C injection had only minor or no pain. 
The coagulation of the protein on the wound surface, 
served as a biological wound cover and blocked the 
endings of sensory nerves, which is likely to be the 
cause of laser groups of patients having minor pain 
(30). The current findings were consistent with those 
of a study conducted in 2018 that examined the 
pain levels of scalpel and diode laser patients and 
found that the diode laser group had much less pain 
than the scalpel group (28), also according to another 
study conducted in 2017, It was found that during 
the first week after the procedure, the patients on the 
side treated with the scalpel approach experienced 
more discomfort/pain than the diode laser-treated 
side(32,33).

The current study found that vitamin C when 
injected intramucosal which is also identified 
as mesotherapy technique is an effective, and 
patient-pleasing non-aggressive non-surgical 
approach for gingival depigmenting which blocks 
important stages of melanogenesis. In vivo and 
vitro experiments conducted in 2019, came to 
similar conclusions, which were extensively noted 
in dermatology(12,34).

Oral re-pigmentation which is the return of 
melanin pigment to the oral mucosa following a 
duration of clinical depigmentation (4). The process of 
re-pigmentation is unknown and poorly understood; 
however, the migration idea would suggest that the 
active melanocytes from the adjacent pigmented 
tissues would migrate to the previously treated 
areas, thus resulting in failure. Re-pigmentation 
studies are few and far between(31).

When evaluated frequently for up to 3 months, 
it was discovered that surgical scalpel, diode laser, 
and Ascorbic acid injection methods offered equal 
results in terms of successful elimination of gingival 
pigmentation and no recurrence of the pigment in 
all 3 groups(34).

With laser and surgical procedures, Studies 
conducted in 2009 and 2011 reported no recurrence 
after 3 months. In 2012 and 2020 other studies 
matched those of our investigation(35).

The findings of this study are similar to those of 
other studies in which a placebo-controlled clinical 
experiment was conducted to confirm the possible 
role of ascorbic acid in the treatment of gingival 
melanin pigmentation. In their case report study, 
these studies also demonstrated the complementary 
role of vitamin C in conjunction with surgical 
scalpel excision(12,21,36).

CONCLUSION

Gingival hyperpigmentation can be an aesthetic 
concern to many patients. The current study found 
that the aesthetic results of these three different 
approaches were efficient, with the laser approach 
having more superior results regarding the reduced 
post-operative pain. After 3 months of follow-up, 
there was no trace of re-pigmentation in any of 
the groups, and there was a substantial difference 
in the darkness intensity values in all of them 
when measured using ImageJ program which 
indicates a successful treatment in removing the 
hyperpigmentation thus reducing the darkness value 
of the gingiva.

RECOMMENDATION

It is recommended to prolong the follow up 
period specially in the laser and Vitamin C group up 
to one year to detect more accurate results regarding 
the re-pigmentation and darkness intensity values. 
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