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Purpose: Pigmentation of gingiva is an aesthetic problem. Until now, various methods have been introduced for re-
moval of gingival pigmentation. The purpose of this study was to compare bur abrasion and CO2 laser methods in
removing gingival pigmentation.

Materials and Methods: Twelve patients aged 20–40 years old with the chief complaint of physiologic gingival pig-
mentation participated in this study. For these patients, gingival depigmentation was performed using two treat-
ment modalities including bur abrasion and CO2 laser in a split-mouth design. Gingival depigmentation was
performed in the right half of the anterior maxillary and mandibular sextants using bur abrasion method by means
of diamond bur on a high-speed headpiece with vigorous water irrigation and the left half of the anterior maxillary 
and mandibular sextants using a CO2 laser. CO2 laser was set at: peak power 252 watts, repeat time 20 ms and
pulse duration 200 microsecond which was used in a non-contact position. The area of pigmentation was calcu-
lated via gridlines in the Microsoft Paint software 1 and 6 months after the procedure. Gingival recession was also 
determined before, and at 1 and 6 months after the procedure.

Results: The area of gingival pigmentation was not statistically significantly different between the two treatment
modalities before the procedure (p = 0.452), 1 month (p = 0.443) and 6 months after the procedure (p = 0.202).
There was no statistically significant difference in the variance of pigmented area at different times in the two
methods. In both CO2 laser and bur abrasion methods, the mean area of pigmentation was statistically significantly 
different in the follow-up period (p < 0/001), in a way that the change in the area of pigmentation was statistically 
significant 1 month after treatment (p <0.001) and also 6 months after treatment (p < 0.001) compared to before. 
The change in the area of pigmentation between 1 and 6 months after treatment was not statistically significant in
both CO2 laser (p = 0.157) and bur abrasion method (p = 0.150). No increase in gingival recession was observed 
in any of the patients.

Conclusion: Both treatment modalities can effectively treat gingival pigmentation. No increase in gingival recession 
was observed. Conventional method and CO2 laser were not statistically significantly different during a follow-up pe-
riod of 1 and 6 months.
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From a long time ago, aesthetic has been playing an im-
portant role in facial harmony, beautiful smile, sense of 

self-satisfaction and quality of life. A beautiful smile is not
only the result of favourably shaped teeth, but also the re-
sult of nice form and colour of the gingiva.7

There are some issues compromising gingival aesthet-
ics, such as gingival pigmentations.34 Pigmentation is de-
fined as the change in the colour of skin, oral mucosa or 
gingiva with various aetiologies. It is classified as physio-
logic and pathologic types.8 Oral pigmentation is associated 
with different intrinsic and extrinsic etiologic factors but it is 
mainly associated with five primary pigments including mel-
anin, melanoid, oxyhaemoglobin, reduced haemoglobin and
carotene.28, 36
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Gingiva is one of the most frequent sites in the oral cav-
ity which represents pigmentation.30 Intrinsic pigmentation
is mostly the result of melanin precipitation in epidermal
layers. Melanin is a natural pigment which is represented in
the oral cavity 3 years after birth. Gingival pigmentation is
more frequent in labial and buccal gingiva than lingual and 
palatal. Pigmentation is also seen more frequently in the
anterior site of the oral cavity than the posterior site. Based
on recent studies, the frequency of gingival pigmentation is 
60% in the gingiva, 22% in the oral mucosa and 15% in the
tongue.11,33

Melanoblasts are normally present in basal layer of lam-
ina propria. Melanoblasts mostly accumulate in the at-
tached gingiva, then in papilla and marginal gingiva, re-
spectively. Abundance of melanocytes in attached gingiva is 
16 times as much as that in the free gingiva.8,9

Oral pigmentation is observed in all racial groups and 
equal in both genders.8 Usually there is no difference in 
number of melanocytes between white and black people, 
but the difference is the amount of produced melanin and 
the activity of melanocytes.28 The abundance of gingival 
pigmentation in the Iranian population is 43.47% and the
intensity is reported to be intermediate, which is more than 
European population and less than eastern Asia.37

Most of the time gingival pigmentation is physiologic,
causes no harm, and is more of an aesthetic problem. It is 
important to consider aetiology before treatment.17,39 Differ-rr
ent methods have been introduced for removal of gingival
pigmentation such as the surgical blade technique, bur abra-
sion, free gingival graft, chemical techniques, electro-sur-
gery, cryotherapy and different kinds of lasers including neo-
dymium doped Yttrium–aluminium–Garnet (ND-YAG), Erbium
(Er-YAG) lasers, carbon dioxide (CO2) and diode lasers.1,12

Laser treatment is based on a phenomenon called photo-
thermolysis, which is the conversion of light into heat.15

Diode laser beam is absorbed highly by soft tissue and chro-
mophores which is widely used in gingival depigmentation.5

CO2 laser ablates and vaporises the soft tissue and is a
good choice for treatment of gingival pigmentation because
it causes less tissue harm compared to Argon or Nd:YAG 
lasers.10,11 Er:YAG laser is frequently used in hard tissue
such as bone or tooth according to hydrokinetic system the-
ory but can also be used for gingival depigmentation in spe-
cial conditions. CO2 laser has shown to be equally effective
in gingival depigmentation compared to Er:YAG laser.12,15

Conventional method for removal of pigmentation usually 
refers to bur abrasion or scalpel blade techniques. In this
method the gingival epithelium is removed using a surgical
blade or diamond bur and is healed by means of secondary 
intention. However, it usually entails bleeding and some dis-
comfort for the patient.32,35

Wavelength of CO2 laser beam is within the infrared
range, which is mainly absorbed by water not melanin. The 
high water content of oral soft tissues leads to high absor-rr
bance of CO2 laser beam, which causes depigmentation in 
a non-selective way.38

Laser can also have anti-infective properties which can
be considered as an advantage in oral surgery.3,18

In this study we aim to compare two treatment modal-
ities including CO2 laser and bur abrasion (conventional 
method) in treatment of gingival pigmentation.

MATERIALS AND METHODS

This study is designed as a clinical trial with IRCT number: 
IRCT20170601034288N1 and is approved in the ethical 
committee of Semnan University of Medical Sciences. In
this study, 18- to 40-year-old patients with the chief com-
plaint of physiologic gingival pigmentation in anterior sex-xx
tants of the maxilla and mandible, who were referred to
Semnan University of Medical Sciences dental clinic, were 
evaluated.

The inclusion criteria were as follows: physiologic entity 
of pigmentation; medium to severe pigmentation based on
the Dummett-Gupa index index29; plaque index less than
20%; no medical conditions disturbing tissue healing.

Exclusion criteria included: background or environmental 
factors as the aetiology of gingival pigmentation such as 
endocrine diseases, blood dyscrasia or congenital syn-
dromes; smoking or taking some drugs which induce gingi-
val pigmentation; pregnancy or breastfeeding; thin biotype 
of periodontium; acute gingival or periodontal diseases.

Based on these criteria, 12 patients participated in the
study and consent forms were filled out by all the pa-
tients. First they were educated on how to reduce dental 
plaque accumulation. Patients underwent professional 
scaling and educated on how to control plaque accumula-
tion 1 week before the start of the study. Then they were 
treated for gingival pigmentation with a split-mouth design 
using the two treatment modalities including bur abrasion
and CO2 laser methods. The right half of the anterior sex-
tants of maxilla and mandible including right central, lat-
eral and canine were treated with the bur abrasion 
method. The left half of anterior sextants of maxilla and 
mandible including left central, lateral and canine were 
treated with CO2 laser.

In the conventional method, local anaesthesia including 
2% lidocaine and epinephrine 1/100,000 (Xylopen, Iran) 
was applied. Pigmented epithelium was abraded with round 
diamond bur (Yun DA, China) connected to a high-speed 
headpiece (Easyinsmile CEX, Taiwan) with feather-like brush-
ing motions and vigorous irrigation by normal saline. Pres-
sure with moist gauze was applied and then the area was
covered with a periodontal pack.

In the laser site, topical lidocaine was sprayed on the
site of procedure and local infiltration anaesthesia was only 
used for patients who sensed some kind of discomfort. Pro-
tective glasses were worn by the practitioner and the pa-
tient for safety reasons. CO2 laser (Daeshin Enterprise,
Korea) was set at: peak power 252 watts, repeat time
20 ms and pulse duration 200 microsecond which was
used in a non-contact position. The beam spot size was
100 μm. Care was taken not to harm dental and other sur-rr
rounding structures during the procedure.

All the procedures were done by the same periodontist.
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Chlorhexidine 0.2% was prescribed to the patients twice
a day for 1 week and they were advised on not brushing for 
3 days and use a soft brush for plaque control after that.
The patients were also asked to avoid spicy food for several
days. To compare the results, standard photographs were
taken before the procedure and 1 and 6 months after the
procedure. Position of the patients were similarly up right
for all the patients, distance to the camera was 30 cm from 
lens of the camera to each patient’s nasion. Light of the
operation room was also similar for all the patients. A digi-
tal camera (Canon, Japan) with 10 MP resolution and flash
off was used. Photographs were analysed using Microsoft
Paint software version 6.1. Figures 1 to 3 are provided as
an example of intraoral photographs taken of a patient be-
fore depigmentation procedures, and at 1 and 6 months
after that. The area of pigmentation was determined and
compared by counting standard 1 mm2 grids in the Micro-
soft Paint before, 1 and 6 months after the procedure.

Gingival recession was also determined before, 1 and 
6 months after the procedure. To do so, the distance be-
tween gingival margin and Cemento Enamel Junction was
evaluated before, 1 and 6 months after the procedure.

Data was analysed using Shapiro–Wilk, Paired t-test, Wil-
coxon test, repeated measures ANOVA and Bonferroni post-
hoc test. SPSS version 23.0 was used and statistical sig-gg
nificance level of 0.05 was considered.

RESULTS

Twelve patients with chief complaint of gingival pigmenta-
tion within the age range of 20–37 years were participated 
in this study. The average age of the patients was
28.5 ± 5.7 with median of 27.5. The minimum age was 20
and the maximum age was 37. The age distribution of the 
patients are shown in Table 1.

Average, standard error, median and interquartile range of 
the area of pigmentation before the procedure, one and six
months after the procedure are summarised in Table 2. The

area of pigmentation was not significantly different between
the two treatment modalities before the procedure (p = 
0.452), 1 month (p = 0.443) and 6 months (p = 0.202) after 
the procedure. The change in the area of pigmentation was 
not also significantly different between two treatment modal-
ities in different timelines, which is found in Table 2. The re-
sults of repeated measures analysis of variance (ANOVA) did 
not show any interrelationship between the treatment modal-
ity and the time (p = 0.773) In the CO2 laser group, the aver-rr
age area of pigmentation was significantly different in the 
three time lines (p < 0.001). The decrease in pigmentation
1 month after the treatment compared to the before 
(p < 0.001), and 6 months after the treatment compared to
the before (p <0.001) was significantly different. But the
change between 1 and 6 months in the two groups was not 
significantly different (p = 0.157).

Also in the conventional group, the average area of pig-
mentation was significantly different in the three time lines
in a way that decline in the area of pigmentation 1 month
after treatment (p < 0.001) and 6 months after treatment 
(p < 0.001) was significantly different compared to the be-
fore but the change between 1 and 6 months after treat-
ment were not significantly different (p = 0.150).

No gingival recession was observed in the 1 and 6 months
follow-up in any of the patients.

DISCUSSION

So far, no single best method has been introduced for gingi-
val depigmentation and the selection is mainly based on
each individual’s preference and clinical experience.

Bur abrasion is a simple, cheap and effective method for 
gingival depigmentation but it causes unpleasant bleeding 
during and after the procedure and has the potential to 
harm bone surface during abrasion with rotary instru-
ments.13, 22 Electro-surgery has some disadvantages like
heat accumulation and tissue destruction and technique 
sensitivity. Cryosurgery is reported to cause tissue inflam-

Fig 1  Standard photograph taken before 
depigmentation procedures.

Fig 2  Standard photograph taken 1 month 
after depigmentation procedures.

Fig 3  Standard photograph taken 
6 months after depigmentation procedures.
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The reasons for recurrence of pigmentation is not fully 
understood. Migration of melanocytes from adjacent areas 
to the areas under treatment could be a reason for recur-
rence of pigmentation in the areas previously treated but 
usually with less intensity. Another possible aetiology could
be activation of melanocytes during treatment. These mela-
nocytes commence synthesis of melanin, which has been 
observed in treatment with laser.27

Deepak also found no statistically significant difference 
in the efficiency of gingival depigmentation between the 
three methods of bur abrasion, electro-surgery and surgical 
blade.31

The results of the present study are a bit different from 
those in the study of Ameet Mani et al, who compared 
diode laser, bur abrasion and surgical blade techniques 
and found diode laser to be more effective. They used the 
melanin pigmentation index (MPI) before and after treat-
ment and punch biopsy for histologic evaluation. They re-

mation and destruction.28 Laser is a good method which is
able to remove a thin layer of epithelium. Bleeding does not
occur during laser application and laser wound is sterile and 
has no inflammatory reaction. The wound of laser does not 
usually cause the pain that is reported by electro surgery.28

In the present study, we found out that bur abrasion and
CO2 laser are equally effective in removing gingival pigmen-
tations. We used the Daeshin Enterprise CO2 laser because 
it costs less than most other laser equipment and is fre-
quently available in the dental universities of Iran. Our re-
sults are similar to Rhini Negi et al’s who compared a soft
tissue trimming bur technique with diode laser (0.5–1.5 W
continuous wave) in a split-mouth design. They used DOPI 
(Dummet oral pigmentation index) and GPI (gingival pigmen-
tation index) to evaluate the area of pigmentation before 
and after treatment. They noticed no statistically significant 
difference between the two methods. Recurrence of pig-
mentation occurred in a few patients.27

Table 1  Age distribution of the patients

Age (y)NumberPercentage

<25325/0

25–29433/3

≥30541/7

Total12100

Table 2  Statistical parameters of the area of pigmentation before the procedure, one and six months after the procedure

P value

Treatment modality

ConventionalCO2 laser

Average
Standard 

errorMedian
Interquartile 

rangeAverage
Standard 

errorMedian
Interquartile 

range

0.45251.27.751.044.052.28.046.544.0Before treatment

0.4436.71.75.505.004.61.21.08.00One month after 
treatment

0.2.28.81.77.0010.006.72.85.58.00Six months after 
treatment

0.26344.56.945.538.247.78.038.547.5The change
between before
and 1 month

0.28842.36.942.533.745.68.038.547.5The change
between before 
and 6 months

0.8542.21.00.005.501.21.00.004.7The change
between 1 and
6 months



doi: 10.3290/j.ohpd.b1492771 325

Roshannia et al

ported that wound healing after laser therapy requires
more time than bur and surgical techniques. The sample
was only one person.22 Bur abrasion, electro-surgery and
scalpel blade techniques had no statistically significant
difference in the results of gingival depigmentation in the 
study conducted by Kathariya et al. They observed no dif-ff
ference in the three techniques regarding recurrence of 
pigmentation but some discomfort was reported by the 
patients treated with electro-surgery. In their review article,
they stated that laser has the advantages of both conven-
tional and electro-surgery techniques including rapidity and
minimal bleeding.13

Er:YAG laser and bur abrasion were both effective meth-
ods after 4 weeks of treatment, which is observed by Kwang-
Myung Lee et al. However, Er:YAG laser (250 mJ, 15 Hz) 
caused some bone dehiscence in this study and was not
considered convenient in patients with a thin biotype of 
periodontium.19 After a follow-up period of 3 months, no
statistically significant difference was observed in the study 
conducted by Murthy et al between rotary abrasion, surgical 
blade and diode laser methods regarding wound healing 
and recurrence rate but delayed healing occurred with diode
laser compared to conventional methods.24 No recurrence
of pigmentation was observed in the three patients treated
with the bur abrasion technique after 18 months in the 
study conducted by Sameer et al.23

CO2 laser was suggested as an effective and advanced
method in the treatment of gingival pigmentation by Oz-
bayarak et al.28 Hegazy et al used CO2 laser for depigmenta-
tion in one patient and no recurrence was found after 
6 months follow-up. They suggested that less pain is induced
with CO2 laser compared to the conventional methods.11

In another study by Hegde et al, surgical stripping, CO2
laser and Er:YAG were compared. After 6 months follow-up, 
they observed less recurrent pigmentation in the surgical
stripping method followed by CO2 laser. In this study Er:YAG
laser showed more recurrent pigmentation which could be 
explained by the fact that it is highly absorbed by water and 
forms a very thin surface interaction layer and less tissue
degeneration. This phenomenon, which is called water-me-
diated explosive ablation, allows ablation without any scar-rr
ring but also increases the probability of recurrence. This is
a reason why we chose CO2 laser over Er:YAG in the pres-
ent study. CO2 laser causes cell rupture due to a rise in in-
tracellular temperature, which seals blood vessels in the 
surrounding tissue and delays cell migration leading to the 
less recurrence rate.12

The absence of thermal effect in the conventional sur-
gery method makes it easier to be used in deep pigmenta-
tions. This method also causes a larger layer of cell death
that may delay cell migration and lowers recurrence rate. A
disadvantage of conventional method is that it was reported 
to cause more discomfort for the patients compared to the
laser, which is attributed either to the protein coagulum
formed on the wound surface or sealing nerve ends by 
laser.12

Esen et al treated 10 patients for gingival pigmentation
with CO2 (10 watts, 0.8 mm spot size, 20 Hz, 10 millisec-

onds) laser and reported it to be a very effective method.
The follow-up period was 2 years. A photo analysis software 
was used to determine area of pigmentation. Two cases of 
partial repigmentation was observed, which was partly re-
lated to smoking habit.10 In Negpal’s case report, using
four different methods for gingival depigmentation including
bur abrasion, scalpel scraping, diode laser and cryotherapy, 
it was concluded that all the methods are equally effective 
in removing gingival depigmentation. Each of them had
some advantages and disadvantages though, such as the
cost of the laser, and bleeding and pain in scalpel and bur 
abrasion.25

It is very important to choose patients with similar sys-
temic, local and environmental conditions to avoid bias in
interpretation of therapeutic results. In the present study, 
patients were similar regarding aetiology of pigmentation,
systemic conditions, medical history and age range.

Atsawasuwan et al reported successful results in treatment
of gingival pigmentation with Nd:YAG laser but gingival fenes-
tration was observed in some patients.4 In a study by Kishore
et al about CO2 and Nd:YAG laser, both lasers were optimum
for treatment of gingival pigmentation and no gingival reces-
sion or inflammation was observed after treatment.16

One expected result of CO2 laser is that it implies less 
risk of destruction of periosteum compared to other kinds 
of laser such as argon and Nd:YAG. The depth of tissue 
destruction caused by CO2 laser is 50–100 micrometres
which is less compared to Nd:YAG and Argon lasers (600
and 200 micrometres, respectively).10,26 In the present
study, no gingival or bone fenestration was observed after 
the follow-up period.

The time of follow-up is chosen based on different param-
eters. Severity of pigmentation and racial properties is one 
example. More severity of pigmentation and more rate of re-
pigmentation has been reported in dark skinned people.20 In 
different studies, time of follow-up has been in the range of 
1 month to 2 years, but 6 to 9 months is mostly determined
as the optimum time for follow-up period.2,6,14,20 However, it 
is stated that within 1.5 to 3 years, repigmentation may re-
turn to its clinical baseline.21 We followed our patients for 
6 months. It seems that a longer time to follow the patients 
would be better.

CONCLUSION

In the present study, no gingival recession occurred in the 
sites of the two treatment modalities. The results are con-
firmed by a few studies which evaluated the effects of dif-ff
ferent methods of gingival depigmentation on gingival reces-
sion including surgical abrasion, Er:YAG laser and CO2
laser.10,23,34

But in the study by Atsawasume et al, one out of four 
patients showed gingival recession after treatment with 
Nd:YAG laser. Marginal gingiva returned to normal after 
9 months. The author suggested that in thin gingival tissue 
or the gingiva around root prominence, pigmentation should
be removed gently.4



326 Oral Health & Preventive Dentistry

Roshannia et al

Acknowledgements
This article is the result of an approved thesis in the Department of 
Research and Technology at Semnan University of Medical Sci-
ences. We give thanks for and appreciate the department’s financial
assistance.

REFERENCES

1. Ahmed SK, George JP, Prabhuji M, Lazarus F. Cryosurgical treatment of 
gingival melanin pigmentation – a 30-month follow-up case report. Clin
Adv Periodontics 2012;2:73–78.

2. Almas K, Sadig W. Surgical treatment of melanin-pigmented gingiva; an 
esthetic approach. Indian J Dent Res 2002;13:70–73.

3. Arbabzadeh F, Birang E, Nazem R, Abbasian M, Koosha F, Birang R. A 
comparative study on micro hardness and structural changes of dentin
floor cavity prepared by Er: YAG laser irradiation and mechanical bur. J 
Dent 2013;14:73–77.

4. Atsawasuwan P, Greethong K, Nimmanon V. Treatment of gingival hyperpig-
mentation for esthetic purposes by Nd: YAG laser: report of 4 cases. J 
Periodontol 2000;71:315–321.

5. Berk G, Atici K, Berk N. Treatment of gingival pigmentation with Er,Cr: 
YSGG laser. J Oral Laser Applications 2005;5:249–253.

6. Bhardwaj A, Uppoor AS, Naik DG. A comparative evaluation of manage-
ment of melanin pigmented gingiva using a scalpel and laser. J Inter Dent 
2014;4:135

7. Bhatsange AG, Japati S. Black to pink: clinical evaluation of two different
surgical approaches for the treatment of hyperpigmentation. Int J Peri-
odontics Restorative Dent 2011;1:136–139.

8. Cicek Y, Ertas U. The normal and pathological pigmentation of oral mu-
cous membrane: a review. J Contemp Dent Pract 2003;4:76–86.

9. Dummett CO, Barens G. Pigmentation of the oral tissues: a review of the
literature. J Periodontol 1967;38:369–378.

10. Esen E, Haytac MC, Öz IA, Erdoğan Ö, Karsli ED. Gingival melanin pigmen-
tation and its treatment with the CO2 laser. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 2004;98:522–527.

11. Hegazy AM, Bakr BA, Hassan EKA. Treatment of gingival hyperpigmentation
using CO2 laser: a case report. Inter J Clin Develop Anat 2015;1:8–12.

12. Hegde R, Padhye A, Sumanth S, Jain AS, Thukral N. Comparison of surgi-
cal stripping; erbium-doped: yttrium, aluminum, and garnet laser; and car-rr
bon dioxide laser techniques for gingival depigmentation: a clinical and 
histologic study. J Periodontol 2013;84:738–748.

13. Kathariya R, Pradeep A. Split mouth de-epithelization techniques for gingi-
val depigmentation: a case series and review of literature. J Indian Soc
Periodontol 2011;15:161–168.

14. Kaur H, Jain S, Sharma RL. Duration of reappearance of gingival melanin 
pigmentation after surgical removal. A clinical study. J Indian Soc Peri-
odontol 2010;14:101–105.

15. Kaya GS, Yavuz GY, SumBullu MA, Day E. A comparison of diode laser and 
Er:YAG lasers in the treatment of gingival melanin pigmentation. Oral 
Maxillofacial Surg 2012;113:293–299.

16. Kishore A, Kathariya R, Deshmukh V, Vaze S, Khalia N, Dandgaval R. Ef-ff
fectiveness of Er: YAG and CO2 lasers in the management of gingival mel-
anin hyperpigmentation. Oral Health Dent Manag 2014;13:486–491.

17. Kumar S, Bhat GS, Bhat KM. Comparative evaluation of gingival depig-
mentation using tetrafluoroethane cryosurgery and gingival abrasion tech-
nique: two years follow up. J Clin Diagn Res 2013;7:389–394.

18. Lagdive S, Doshi Y, Marawar P. Management of gingival hyperpigmentation 
using surgical blade and diode laser therapy: a comparative study. J Oral
Laser Appl 2009;9:41–47.

19. Lee KM, Lee DY, Shin SI, Kwon YH, Chung JH, Herr Y. A comparison of dif-ff
ferent gingival depigmentation techniques: ablation by erbium: yttrium-
aluminum-garnet laser and abrasion by rotary instruments. Periodontal
Implant Sci 2011;41:201–207.

20. Mahajan G, Kaur H, Jain S, Kaur N, Sehgal NK, Gautam A. To compare
the gingival melanin repigmentation after diode laser application and sur-rr
gical removal. J Indian Soc Periodontol 2017;21:112–118.

21. Malhotra S, Sharma N, Basavaraj P. Gingival esthetics by depigmentation.
J Periodontal Med Clin Pract 2014;1:79–84.

22. Mani A, Mani S, Shah S, Thorat V. Management of gingival hyperpigmen-
tation using surgical blade, diamond bur and diode laser therapy: a case
report. J Oral Laser Appl 2009;9:227–232.

23. Mokeem SA. Management of gingival hyperpigmentation by surgical abra-
sion: report of three cases. Saudi Dent J 2006;18:162–166.

24. Murthy MB, Kaur J, Das R. Treatment of gingival hyperpigmentation with
rotary abrasive, scalpel, and laser techniques: a case series. J Indian
Soc Periodontol 2012;16:614–619.

25. Nagpal D, Prakash S, Singh G. Gingival depigmentation using different 
techniques: a follow up study. Arch of Dent Med Res 2015;1:95–100.

26. Nakamura Y, Hossain M, Hirayama K, Matsumoto K. A clinical study on 
the removal of gingival melanin pigmentation with the CO2 laser. Lasers
Surg Med 1999;25:140–147.

27. Negi R, Gupta R, Dahiya P, Kumar M, Bansal V, Samlok JK. Ceramic soft
tissue trimming bur: a new tool for gingival depigmentation. J Oral Biol 
Craniofac Res 2018;9:14–18.

28. Ozbayrak S, Dumlu A, Ercalik-Yalcinkaya S. Treatment of melanin-pig-
mented gingiva and oral mucosa by CO2 laser. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2000;90:14–15.

29. Peeran SW, Ramalingam K, Peeran SA, Altaher OB, Alsaid FM, Mugrabi
MH. Gingival pigmentation index proposal of a new index with a brief re-
view of current indices. Eur J Dent 2014;8:287–290.

30. Ponnaiyan D, Jegadeesan V, Perumal G, Anusha A. Correlating skin color 
with gingival pigmentation patterns in South Indians – a cross sectional
study. Oral Health Dent Manag 2014;13:132–136.

31. Prasad D, Sunil S, Mishra R. Treatment of gingival pigmentation: a case
series. Indian J Dent Res 2005;16.171–176.

32. Prasad S, Agrawal N, Reddy N. Gingival depigmentation: a case report.
People’s J Sci Res 2010;3:27–29.

33. Rahmati S, Darijani M, Nourelahi M. Comparison of surgical blade and
cryosurgery with liquid nitrogen techniques in treatment of physiologic
gingival pigmentation: short term results. J Dent Shiraz Univ Med Sci
2014;15:161–166.

34. Rao PVN, Penmetsa GS, Dwarakanath C. Gingival depigmentation by cryo-
surgery and laser application – a comparative clinical study. Br J Med Res
2015;5:1403–1412.

35. Ribeiro FV, Cavaller CP, Casarin RC, Casati MZ, Cirano FR, Dutra-Corrêa M,
et al. Esthetic treatment of gingival hyperpigmentation with Nd: YAG laser 
or scalpel technique: a 6-month RCT of patient and professional assess-
ment. Lasers Med Sci 2014;29:537–544.

36. Rosa DSA, Aranha ACC, Eduardo CP, Aoki A. Esthetic treatment of gingival 
melanin hyperpigmentation with Er:YAG laser: short-term clinical observa-
tions and patient follow-up. J Periodontal 2007;78:2018–2025.

37. Sedeh SA, Badihi S, Esfahaniyan V. Comparison of recurrent rate of gingi-
val pigmentation after treatment by liquid nitrogen and cryoprob in
18 months follows-up. Dent Res J(Isfahan) 2014;11:592.

38. Sharon E, Azaz B, Ulmansky M. Vaporization of melanin in oral tissues
and skin with a carbon dioxide laser: a canine study. J Oral Maxillofac
Surg 2000;58:1387–1393.

39. Tal Haim, Landsberg Jacob, Kozlovsky Avital. Cryosurgical depigmentation
of the gingiva – a case report. J Clin Periodontol 1987;14:614–617.


