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Abstract

Introduction: Gingival hyperpigmentation is excessive deposition of melanin pigments in
the epithelium of gingiva which affects facial esthetics. Various surgical methods for gingival
depigmentation have been used to treat the darkened color of pigmented gingiva. This study
compared the use of 940 nm diode laser and liquid nitrogen cryosurgery in the treatment of
gingival physiologic hyperpigmentation in terms of gingival depigmentation, postoperative pain,
healing duration, pigmentation recurrence, and patients’ satisfaction.

Methods: Fifteen systemically healthy patients (11 females and 4 males; 17-35 years of age) with
bilateral gingival physiologic hyperpigmentation were enrolled in this split-mouth randomized study.
Published online February 25, Maxillary anterior labial gingiva of each patient was divided into left and right halves, and each half
2019 was randomly depigmented by either laser or cryosurgery. Patients were given questionnaires to
evaluate the procedures and were followed up in 3, 7, 10, 17 and 21 days postoperatively for the
assessment of gingival healing and 1, 3, 6 and 12 months after the treatments to detect any sign of
pigmentation recurrence.

Results: The severity of post-op pain measured by visual analogue scale (VAS) was mild to average
and showed no significant difference between the 2 modalities (P>0.05). There was no considerable
swelling or hemorrhage after the treatment procedures and the healing duration was significantly
shorter in laser (P<0.05). The degree of pigmentation in all gingival sites treated by laser reached
and remained at zero until the last follow up (1 year) and reached zero in 9 out of 15 cryosurgery-
treated sites. All patients were completely satisfied with the laser, and 9 out of 15 were completely
satisfied with cryosurgery. No pigmentation recurrence was observed during any follow-up periods.
Conclusion: Removal of gingival physiologic hyperpigmentation by laser therapy and cryotherapy
was effective and safe. The efficiency of the laser was better than cryotherapy.
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Introduction

Gingiva like skin can suffer from hyperpigmentation with
internal or external origin. One of the most important
types of internal pigmentation occurs due to the excessive
deposition of brown melanin pigment, and gingiva is
the most common site for pigmentation inside the oral
cavity.! Hyperpigmentation of gingiva is actually not
due to the increased number of melanocytes but is due

to the increased activity of these cells and that leads
to the increased production of melanin pigments.>’
Gingival pigmentation occurs as light to dark brown
color with symmetric stripes with specific margins. The
attached gingiva is the most common area inside the
oral cavity that could suffer from gingival physiologic
hyperpigmentation, but it can also be observed in buccal
mucosa, hard palate, lips, and tongue.’ Although gingival
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pigmentation is mostly benign, it causes problems in
esthetics and self-confidence of the patients who show a
high smile line while smiling and speaking."* Different
treatment techniques such as scalpel surgery, abrasion with
diamond burs, electrosurgery, cryosurgery, Nd: YAG laser,
CO, laser, semiconductor diode laser, and gingivectomy
with free gingival autografting, acellular dermal matrix
allograft (ADMA), chemical agents such as 90% phenol
and 95% alcohol have been suggested.>* Cryosurgery
means surgery with the help of freezing at a very low
temperature which involves the use of different materials
like liquid CO,, a mixture of ice and salt, liquid No,, and
liquid nitrogen. Cryosurgery freezes the pigmented tissue
quickly and destroys the pigmented cells.” The diode
laser is another common method for the treatment of
gingival physiologic hyperpigmentation. Some studies
reported that laser therapy is one of the most reliable
methods for the treatment of gingival depigmentation®
and it has the highest level of absorbance in melanin and
is also pleasant for patients. There are different opinions
regarding which of the 2 methods, either 940 nm diode
laser or cryosurgery with liquid nitrogen is more reliable
and effective. Since the effects of using 940 nm diode
laser and cryosurgery with liquid nitrogen have not been
evaluated simultaneously, thus this study compared the 2
treatment methods and suggested the more appropriate
technique for the treatment of gingival physiologic
hyperpigmentation.

Methods

This study was carried out as a randomized clinical trial.
It was performed on the patients with bilateral gingival
physiologic hyperpigmentation who were referred to
the dental clinic of Arak dentistry school from March
2015 to April 2016. The patients were first visited by a
periodontist and their pigmentation type was diagnosed
and categorized. By excluding other causes of gingival
hyperpigmentation such as oral melanotic macule,
malignant melanoma, drug-induced melanosis, smoker’s
melanosis, melanosis associated with systemic and
genetic diseases, hemochromatosis, amalgam tattoo,
graphite tattoo, decorative tattoos, pigmentation due to
pharmaceutical and heavy metals and pregnancy-related
pigmentation, a total of 15 subjects were selected in this
study which comprised of 11 females and 4 males, aged 17
to 35 years (mean age = 28.2+8.4) who signed a consent
form. This study was performed in accordance with the
Helsinki Declaration of 1975, as revised in 2000 and
approved by ethics council of Arak University of Medical
Sciences. Before any treatment, patients underwent full-
mouth scaling, after which oral hygiene instructions were
given. Then, the maxillary gingiva of each patient was
split into right and left halves (split-mouth technique).
One half was treated by 940 nm diode laser and the other
half by cryosurgery. The divided areas were randomly
allotted for depigmentation by the coin toss. According

to the average of patients’ smile line, the decision was
made to treat the gingiva of all patients at each quadrant
from the central incisor to the distal of the first molar. The
laser device was of Epic™ 10 diode type with wavelength
of 940+10 nm, operating maximum power output of
10 W, 0.01 ms to 20 seconds pulse duration, contact
continuous mode, with 300 pum fiber tip diameter, spot
size 30 mm diameter (= 7.1 cm? area) and manufactured
by Biolase Company, USA (Figure 1). Firstly, gingiva
received topical anesthesia with 2% lidocaine gel and
the tip of the laser was placed and moved on the entire
pigmented area from the mucogingival line towards the
free gingival margin, including the papillae until the
pigmented area was deepithelialized and a normal pink
color of gingiva was apparent. The carbonized gingiva
was wiped with moist sterile gauze to ensure that no
pigmented spots remained. In cryosurgery, a 10-L
3-chambered tank ofliquid nitrogen (-196°C) was used.
Some liquid nitrogen was poured inside a plastic cup
and the tip of a cotton swab was dipped in the liquid and
placed inside a small finger-like plastic and then placed
on the pigmented gingiva for 3 to 5 seconds (Figure 2).
The patients were followed up in 3, 7, 10, 17, 21 days, and
1, 3, 6, 12 months after the treatment. The 2 techniques,
laser therapy, and cryotherapy were compared in terms
of 5 parameters. These parameters are: (1) The amount
of gingival pigmentation before and after the treatment;
(2) The amount of pain after treatment; (3) The duration
of gingival healing after the treatment; (4) The amount of
pigmentation recurrence after the treatment; and (5) The

Figure 2. (A) Liquid Nitrogen Delivery Device, (B) Placement of
Dipped Cotton Swab On Patient’s Gingiva, (C) Liquid Nitrogen
Stays on the Gingiva for a Few Seconds.
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amount of patients’ satisfaction with the treatment results.
The extent of pigmentation was measured according to
Gingival Pigmentation Index (GPI) and was graded from
0to 3 (Table 1). All gingival sites were compared with each
other and the color intensity of gingival pigmentation for
each patient was graded from 0 to 3 in such a way that
the darkest gingiva was given a score of 3 and the lightest
gingiva had a score of 1. Digital pictures were taken before
and after treatment within the same position and location
of the light, using a calibrated Canon PowerShot A710 IS
camera.

Consistency, contour, and color of gingiva and the
amount of gingival healing after surgery was assessed
by 2 periodontists who were unaware of the treatment
techniques received by each site (blind experts). Dentists
calibrated the examiners. The amount of pain after
the treatment was measured by VAS (Table 2). In a
questionnaire, the patients were asked to mark the severity
of pain on a line marked from 0 to 100 (Figure 3). Then,
the score of the patients’ pain was matched with the VAS
table. The satisfaction of patients with the surgery result
was measured in a questionnaire (Figure 4). The data
collected from the questionnaires were analyzed by SPSS
21 software. In the descriptive analysis, the mean, standard
deviation, and frequency percent were used. Chi-square,
Student ¢ test, and two-way analysis of variance (ANOVA)
repeated measures tests were used to analyze the results.
Differences were considered as statistically significant at
P<0.05.

Results
In the present study, none of the patients had any

Table 1. GPI (Extent of Pigmentation) Scoring

Score  Criteria

0 Absence of pigmentation, pink color of the gingiva

1 Spots of brown to black pigmentation

9 Brown to black pigmentation, more than spots but not
diffuse (patches of pigmentation)

3 Diffuse brown to black pigmentation

Table 2. VAS tabl

Marked Area on the VAS Line  Severity of Pain

0-4 mm None
5-44 mm Slight
45-74 mm Moderate
75-100 mm Severe
VISUAL ANALOG SCALE

0 10 20 30 40 S0 60 70 80 90 100

Figure 3. VAS Line.

complications. Healing event and the results of the 2
methods were good (Figure 5).

The Comparison of Pain Index

According to the results of Student’s ¢ test, the amount
of felt pain based on VAS scale on the day of treatment
which varied from 0.5 to 6 for laser therapy and from 1 to
6 for cryotherapy, showed no significant difference with
each other (P> 0.05; Table 3).

The Duration of Gingival Healing

The duration of gingival healing varied from 3 to 14 days
and 7 to 21 days in the treatment by laser and cryosurgery,
respectively. Student’s t-test analysis showed a significant
difference between the 2 groups in terms of gingival
healing (P <0.05; Table 4).

The Level of Individuals’ Satisfaction

There was a significant difference between the 2 groups,
so that all patients were completely satisfied with the laser,
while only 60% of patients were completely satistied with
cryosurgery (P<0.05; Table 5).

Degree of Depigmentation

Differences between the 2 methods in terms of GPI (extent
of pigmentation and color intensity) during the follow-up
periods were significant (P <0.05; Tables 6 and 7).

The laser was a better treatment modality for
depigmentation because GPI in all patients reached
zero. At the first week of following-up the degree of GPI
reached zero in the terms of the extent of pigmentation
and color intensity in 14 laser-treated gingival sites, and
at the second week upon completion of gingival healing it
became zero in all patients and remained zero until the last
follow-up. However, the degree of pigmentation became
zero in 9 out of 15 patients who received cryosurgery;
although it reduced in the remaining 6 patients but did
not become zero with re-treatments. Figure 6 shows that

Arak School of Dentistry
Dental Clinic
Questionnaire

Name of the patient:
Final esthetic result:
a. Left half
a:. Completely Satisfied
ay. Partially Satisfied
as. Partially dissatisfied
as. Completely dissatisfied
b. Right half
bi1. Completely Satisfied
b,. Partially Satisfied
bs. Partially dissatisfied
bs. Completely dissatisfied

Figure 4. Questionnaire to Assess Patient Satisfaction.
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Figure 5. Follow Up Periods: (A) Pre-operative, (B) During the procedure (Laser on the left Quadrant; Cryosurgery on the Right Quadrant),
(C) T week post-op (assessing wound healing), (D) 2 week post-op (assessing wound healing), (E) T month post-op, (F) 3 months post-op,

(G) 6 months post-op, (H) 12 months post-op (No recurrence).

GPI had a significant difference between the 2 treatments
over time so that laser had lesser GPI as compared to
cryosurgery and the relationship between treatment and
time was a continuous line, indicating no pigmentation
recurrence during 12 months.

Discussion

The present study is a one-year split-mouth clinical
trial comparing diode laser ablation and liquid nitrogen
cryosurgery for physiologic gingival pigmentation
removal. The internal pigmentation of gingiva occurs due
to the excessive deposition of brown melanin pigment,
and gingiva is the most common site of pigmentation
inside the oral mucosa. Gingival hyperpigmentation may
cause unpleasant facial appearance which makes affected
individuals seek for treatment. Various modalities are
being used to treat gingival hyperpigmentation. Laser
and cryotherapy are among the widely performed in
research techniques for this treatment. Diode lasers (800-

Table 3. Pain Perception for Laser and Cryosurgery

Group Mean + SD  PValue  FValue

VAS score on  Laser 236+1.83 0803  0.063

day 1 Cryosurgery  1.60+1.68  0.803 0.063

Table 4. Healing Duration After the Procedures

Group Mean + SD  PValue  FValue

Laser 5.07 £3.13 0.004 0.981
Healing time

Cryosurgery  9.47 + 4.41 0.004 0.981

Table 5. Levels of Patients’ Satisfaction About the Procedures Outcome

980 nm) is quickly absorbed by hemoglobin, melanin
and other pigments. It penetrates into the tissue by one of
the methods of absorption, propagation, radiation, and
reflection. The penetration is done by laser energy and
changes energy into heat which eventually causes physical
changes.® It seems that laser affects the production of
melanin, pigment cells and melanocytes gene expression
and reduces hyperpigmentation.” Diode lasers are
becoming popular in intraoral soft tissue procedures
and in fact, a variety of scientific researches are being
conducted to find their advantages or disadvantages over
other gingival depigmentation treatment procedures.®
Laser surgery of gingival hyperpigmentation has
several advantages over other modalities including
less postoperative pain. Postoperative pain has been
documented by some studies that used different types
of laser, whereas other studies reported no pain. In fact,
the observed different pain levels vary with regards to
the type of used treatment techniques. There seems to
be a lesser amount of post-op pain for cryosurgery and
laser surgical procedures compared to other gingival
depigmentation techniques.’'* The lesser amount of post-
op pain for the laser is due to the coagulation of protein
on the wound surface that serves as a biological wound
dressing. In addition, the laser has the ability to seal the
sensory nerve endings.”'® Rao et al'® reported slight pain
after cryosurgery with NO, and diode laser therapy with
no statistically significant difference. Ribeiro et al'' and
Lagdive et al'* also reported that the sites treated with
laser had slight or no pain. Kaya et al'* compared diode
and Er: YAG lasers in the treatment of gingival melanin
pigmentation and showed mild postoperative pain for

Individual Count

Expected Count

Completely Satisfied Partially Satisfied ~ Completely Satisfied Partially Satisfied Chi-Square Test P Value
Laser 15 0 12 3
7.50 0.006
Cryosurgery 9 6 12 3
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Table 6. Two-Way ANOVA Repeated Measures Analysis for the
Comparison of Extent of Gingival Pigmentation Through Time Between
Laser and Cryosurgery

Source df  Mean Square  FValue P Value
Treatment*Time 6 0.376 8.778 0.000
Error 84 0.043

Table 7. Two-Way ANOVA Repeated Measures Analysis for the
Comparison of Color Intensity of Pigmentation Through Time Between
Laser and Cryosurgery

Source df  Mean Square  FValue P Value
Treatment*Time 6 0.230 6.656 0.000
Error 84 0.035
7 Cryosurgery =-------
Laser = -
1.5
GPI 1.0
5 S
.0
1 : 3 H : : 7
Time

Figure 6. Variation of GPI Over Time.

both treatment modalities. Rahmati et al” recorded
some pain reports by the patients, one to three days
after cryosurgery with liquid nitrogen. The results of all
mentioned studies are consistent with this study. However,
Azzeh"™ used Er: YAG laser for gingival depigmentation
and reported no post-op pain. The absence of pain could
be due to the unique characteristics of Er: YAG laser which
involves the least tissue penetration and thermal damage
of Er: YAG laser among all lasers which result in low tissue
necrosis. Also, Shirazi et al" reported no post-op pain for
the patients who received liquid nitrogen cryosurgery,
which is inconsistent with this study. The probable cause
for the lack of post-op pain after cryosurgery in the study
of Shirazi et al"is the age range of participants (11 to
14 years) which is considered as adolescents and have
a tendency to minimize or deny the perceived pain.*
Therefore, the provided reports of these patients are not
considered reliable.

Another reported advantage of the laser is shorter
healing duration of gingiva after depigmentation
procedure. The reported duration of the gingival healing
after depigmentation varies. Sharon et al*' and Esen et al*?
reported 2 weeks and 6 weeks period for post-op healing
after depigmentation with Co, cryotherapy, respectively,
and Atsawasuwan et al® reported that complete

healing was achieved in 1-3 weeks after Nd: YAG laser
application. Those results are consistent with this study
that recorded healing time of up to 2 weeks for laser
treated areas and up to 3 weeks for cryosurgery treated
gingival sites. In the studies of Berk et al,* Thangavelu
et al® and Murthy et al,”® who used diode laser for the
treatment of gingival physiologic hyperpigmentation, 1
week after operation gingiva healed and its color were
pink. Govila et al* used 940 nm diode laser for gingival
depigmentation and patients completely recovered after 1
week. The results of these studies are in accordance with
the present study. Regarding the effect of the laser on
tissue healing, it is stated that the intensity of the laser has
an important role in its effects.”” Laser radiation increases
RNA and DNA synthesis and also stimulates the synthesis
of proteins.” Sing et al** compared the 2 methods of diode
laser therapy and cryosurgery in the treatment of gingival
physiologic hyperpigmentation. The patients went under
3,6, 12 and 18 months follow-up. They reported that both
treatments were safe and satisfactory and the duration
of healing for the gingival sites treated with laser was
shorter than cryosurgery that is in accordance with the
present study in which faster healing properties of the
laser was observed. It has been stated that laser reduces
bacteria, affects pigmentation and enhances wound
healing by producing reactive oxygen species (ROS) due
to its antibacterial effects and fibroblasts and collagen
formation.” Therefore, the faster healing of laser-treated
gingival sites in the present study is probably due to
the mentioned mechanism. Cryosurgery often causes
considerable inflammation in the area under treatment
which leads to the destruction of soft tissues on the first
day.

Melanin hyperpigmentation score was assessed by GPI
index 1 week, 2 weeks, 1 month, 3 months, 6 months and
12 months, postoperatively. Several studies have reported
different rates of depigmentation and repigmentation
with regards to different techniques used and follow
up periods. In the present study, statistical significant
difference existed in the melanin scores between the
2 techniques, laser showed a better efficiency in terms
of pigmentation removal, and there were no signs of
pigmentation recurrence for both modalities at the end of
1 year. The clinical reoccurrence of melanin pigmentation
after a period of clinical depigmentation is known as
“Repigmentation.” Postoperative gingival repigmentation
has been documented in the literature and time of
regimentation varies. Repigmentation occurs due to
failure in complete removal of active melanocytic cells
from the epithelial basal layer and it reoccurs as a result of
melanocyte migration from surrounding gingival areas.*'¢

According to the type of treatment techniques, the
degree of depigmentation varied among studies. Darbandi
et al’® used the nitrogen oxide cryoprobe for the treatment
of gingival physiologic hyperpigmentation. Patients were
treated in one session and their study results showed that
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60% of the patients were healed 7 days after cryosurgery
and in the other 40%, the areas of pigmentation remained
pale. Two weeks after, only 10% of the lesions were pale
and after 1 month all pigmented lesions were healed and
there was no recurrence in 4 and 6 months follow-ups.
This study showed a 100% effectiveness of cryotherapy in
gingival pigmentation removal after one month. However,
in the present study, the gingival sites did not achieve zero
pigmentation after one session of N, cryotherapy, even
after re-cryotherapy sessions GPI index did not change.
It seems that this difference might be due to the probable
differences in the effectiveness of cryotherapy methods.
Shirazi et al”® studied the treatment of gingival physiologic
hyperpigmentation in teenagers with liquid nitrogen
cryosurgery in a 12 month period. The patients’ gingiva
was treated by cotton swab dipped in liquid nitrogen
in the anterior area of the upper and lower jaws for 2
times with 2 weeks intervals. Statistical results showed
a descending reduction in severity and color intensity
of gingival pigmentation 3 months after the treatment.
Although the severity of pigmentation gradually
reduced but did not reach zero, which is in accordance
with the present study. There was also the recurrence of
pigmentation in 1-year follow-up which is inconsistent
with the present study results. Govila et al*® used 940 nm
diode laser for gingival depigmentation. The patients
completely recovered after 1 week and were satisfied
enough with the treatment results. No sign of recurrence
of gingival pigmentation was reported after 3 years of
follow-up. The result of this study is consistent with the
present study in terms of recurrence of lesions. Although
the duration of the present study was shorter, in order to
evaluate pigmentation recurrence more accurately, more
studies with a longer period of recalls are needed. Sing
et al"* compared 2 methods of diode laser therapy and
tetrafluoroethane cryosurgery in the treatment of gingival
physiologic hyperpigmentation. The patients underwent
3,6, 12 and 18 months follow-up. The pigmentation degree
of all patients treated with laser and cryosurgery was zero
in a 6-month follow-up. It seems that tetrafluoroethane is
more effective than the use of liquid nitrogen with cotton
swab which was used in the present study. Talebi et al’!
in a case study treated the gingival hyperpigmentation
of a 9-year-old boy using liquid nitrogen and a cotton
swab. The patient was followed-up for 12 months. They
concluded that cryosurgery is a simple method with no
recurrence of gingival lesions, which is similar to the
present study results. Soliman et al*? studied the treatment
of gingival physiologic hyperpigmentation using 808 nm
diode laser. Most patients needed 2 treatment sessions
while in the present study all patients needed only one
session for the complete depigmentation of gingiva using
980 nm diode lasers. There was no sign of recurrence after
9 months which is similar to the results of the present
study. Lin et al® conducted a systematic review study on
61 studies conducted between 1951 to 2013 regarding

different methods of treatment for the removal of gingival
melanin pigmentation. They concluded that cryosurgery
and laser therapy are the best and most reliable treatment
methods for melanin pigmentation removal and show less
recurrence of hyperpigmentation. However, laser therapy
especially diode laser seemed to be the best option. In the
present study, the laser was also a better option compared
to cryosurgery. Patil et al”® used 940 nm diode laser to
treat an 18-year-old woman who suffered from gingival
physiologic hyperpigmentation. After 1 week, the gingiva
had no pigmentation, but after 6 months, pale patches
appeared, and after 1 year the recurrent pigmentation was
larger. While in the present study, no sign of recurrence
was seen after 12 months. In the study of Doshi et al** the
treatment of gingival hyperpigmentation was done using
940 nm diode laser. The recurrence of pigmented lesions
was reported after 1 year which is inconsistent with
the results of the present study, but the regimentation
could actually be the result of post-inflammatory
hyperpigmentation caused by the high power of the laser
used for depigmentation process.

All patients were completely satisfied with the results of
laser because alllaser-treated sites achieved zero GPI, while
only 9 out of 15 patients, who reached zero pigmentation
with cryotherapy, showed complete satisfaction about
the results. In the study of Shirazi et al.”® although the
severity of pigmentation after liquid nitrogen cryosurgery
gradually reduced, but did not become zero and
repigmentation was observed in one year follow-up and
patients were satisfied with the results, while in the present
study, those whose pigmentation degree reduced but did
not reach zero showed a relative satisfaction. Govila et
al** used 940 nm diode laser for gingival depigmentation
and all patients showed complete satisfaction with the
results that are in accordance with our study results. In
the present study, patients’ satisfaction was merely related
to the results of depigmentation, and post-op pain had no
effect on that. Thus, patients’ preference was a diode laser.

Jha et al** treated gingival hyperpigmentation and stated
that dental lasers are advanced modalities with enhanced
precision of control compared to other depigmentation
procedures. Laser procedures are safer, more comfortable
and user-friendly to both patients and dentists and are
expected to become more popular in time. All types
of diode lasers from 810 nm to 1064 nm are becoming
widely used in dentistry because of their small size, ease
of manipulation in soft tissue surgery and lower cost
compared to other lasers. The results of the present study
show that both diodelaser and liquid nitrogen cryosurgery
can perform effective and satisfactory depigmentation of
gingiva and are well-tolerated by the patients. However,
the laser is a more optimal treatment.

Conclusion
The results of the present study indicate that 940 nm
diode laser showed better effectiveness in comparison
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to cryosurgery with liquid nitrogen in the treatment
of gingival physiologic hyperpigmentation using Split
Mouth technique. Recurrence of pigmentation was not
observed in any gingival sites treated by both laser and
cryotherapy during the 12 months follow up.
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