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Abstract

:

Background: Smile aesthetics has a vital role to play in an individual’s life and one of the factors affecting the beauty of the smile is gingival color. A gingival color change or gingival hyperpigmentation causes an unesthetic smile line, especially in patients with a gummy smile, which is also known as a black gummy smile. Numerous gingival depigmentation methods have been performed successfully for ablating gingival melanin pigmented epithelium. Thus, the aim of this study is to evaluate the treatment efficacy of gingival hyperpigmentation by using a carbon dioxide (CO2) laser. Methods: A cross-sectional descriptive study was carried out with 38 patients at a hospital in Vietnam. Ponnaiyan classification and the Hedin melanin index were used to assess the distribution and extent of gingival pigmentation in the study. Pain assessment was performed using the Visual Analog Scale (VAS) to evaluate the intensity of pain during the laser treatment. In addition, clinical evaluation (i.e., wound healing) of each treatment procedure was conducted using the three level Dummett–Gupta Oral Pigmentation Index (DOPI) assessment. Results: This study showed that less pain was experienced by patients treated by CO2 laser; the rates of no pain, mild pain and moderate pain after treatment were, respectively, 21%, 76% and 2.6%; there was 100% complete epithelization after 1 week. The DOPI rates for turning from a DOPI score of 1, 2 or 3 to a DOPI score of 0 after a 12-week treatment were 87.5%, 76.9% and 24%, respectively. Conclusions: Using a CO2 laser for gingival melanin pigmentation treatment is a safe and effective procedure.
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1. Introduction


Smile aesthetics are a significant part of a person’s daily life, and are influenced by various factors such as the teeth, lips and, especially, gingival color [1]. A smile is determined conventionally attractive by rosy or pink gingival tissue; thereby, any uncommon discoloration of the gingiva affects general facial expressions. Gingival pigmentation causes an unesthetic smile line. Gingival hyperpigmentation in an uncovered smile, also known as a black gummy smile, is a frequent concern in patients with a gingival smile, resulting in a lack of confidence in communication. Gum pigmentation is caused by melanin, melanoid, oxyhemoglobin, reduced hemoglobin and carotene [1]. Therefore, the overproduction of melanin, an endogenous pigment, is the common cause of gingival hyperpigmentation.



Melanin pigmentation is prevalently found in African and East Asian populations. Gingival hyperpigmentation is not just localized in a specific geographic area but can occur in any populations [2,3]. Some intrinsic factors such as skin pigment, smoking behaviour and heredity have also been found to be associated with gingival hyperpigmentation [4,5,6].



Gingival depigmentation is a treatment for removing melanin hyperpigmentation from gingiva. Several methods have received recognition from many authors including the use of a scalpel [7], electrosurgery [8] and gingival resection, each with their specific advantages. However, these treatments are invasive and excessive ablating methods that can cause patients discomfort and clinicians difficulties. Therefore, lasers have been developed and become potential alternatives. In the process of developing the modern laser technique, many kinds of laser treatments have been performed in dentistry, such as diode [8,9], Nd:YAG [10,11], Er,Cr:YSGG [12], Er:YAG [13,14,15] and CO2 laser [13,15,16]. They have provided some significant beneficial effects of the elimination of gingival melanin pigmentation that showed that the limitations of the past techniques could be remarkably reduced. Noninvasive, bloodless, painless and time-saving procedures have shown that most patients’ experience has been improved and dental practicians can achieve satisfactory results [17,18].



Due to different wavelengths, lasers have been employed for multi-purposes, namely, gingivectomy, gingivoplasty, frenectomy, incisional and excisional biopsy, soft tissue tuberosity reduction, operculectomy, coagulation of donor sites and soft tissue augmentation around osseointegrated implants [19,20,21]. In particular, the CO2 laser has the advantage of hemostasis with a shallow depth of penetration into soft tissue [22,23]. It also has the highest absorbance compared to other lasers and is absorbed by water, which accounts for 70% of biological tissues [18,23]. Hence, CO2 laser treatment is often performed in soft tissue surgery, set at 5–15 watts with either a pulsed or continuous mode [16]. This study was performed to evaluate the effects of the CO2 laser applied for gingival depigmentation.




2. Materials and Methods


2.1. Subjects


This cross-sectional descriptive study was conducted from March 2020 to January 2021. Thirty-eight patients, who complained of black gums and requested cosmetic correction, were selected from the outpatient section of Faculty of Odonto-Stomatology, Can Tho University of Medicine and Pharmacy Hospital, Vietnam.



In the study, 10 maxillary teeth of each patient from tooth 15–25, exhibiting moderate to severe melanin pigmentation in the maxillary anterior gingiva region from the right canine to the left canine (aesthetic zone), were selected. Patients with habit of smoking or abuse of any other oral substances, gum recession, missing teeth in the anterior region, patients on any forms of Non-Steroidal Anti-Inflammatory Drugs (NSAIDs), pregnant women, lactating mothers and patients with any systemic conditions were excluded from the study.




2.2. Study Methods


Initially, patients were given a topical spray anesthesia in the operating area and, if prolonged pain, were given a second anesthesia in the form of injection during the procedure.



CO2 laser (Millennium Ultra UP, KMI, Seoul, Republic of Korea) was used with 10,600 nm wavelength, 2.5 W power, 20 Hz frequency with a pulse duration 160 ms, energy density 79.5 J/cm2 per pulse, 1590 J/cm2 per second, continuous emission, with noncontact mode and beam diameter of 0.8 mm. Melanin pigmented gingivae were ablated by CO2 laser vaporization. Adjacent teeth were protected from the laser beam by applying an acrylic template to cover the labial of teeth. The procedure was repeated until ooze of small amount of blood was found, which meant that the laser had eliminated the epithelium, whereas leaving connective tissue layer and the desired depth of gingival tissue removal was attained. Preoperative and postoperative images were taken using a digital camera (Canon EOS 70D, Tokyo, Japan) in 50 mm focal length, aperture f11, ISO 100 with ring flash. The photographs were taken by the camera with the same focal length, light intensity, and the distance from the camera to the subject of 30 cm.



After completion of each procedure, the operated area was finally cleaned with gauze soaked with normal saline, and no dressing was given in any of the treated sites. The patient was instructed to avoid spicy, hard, sour and hot food, avoid smoking and brushing on the treated area, maintain oral hygiene by regular rinsing after meals, and advised to use warm saline rinses in the next days. The postoperative evaluation was carried out on the 1st, 7th day, and subsequently after 21 days from the depigmentation treatment about gingival color, gingival healing, pain intensity, bleeding and postoperative patient satisfaction.




2.3. Study Paremeters


In this study, the parameters used were:



The classification of gingival pigmentation based on anatomic delineation was presented with 6 classes by Deepa Ponnaiyan in 2013 [5], including:



Class I: only in attached gingiva.



Class II: both attached gingiva and interdental gingiva.



Class III: all parts (attached gingiva, marginal gingiva, and interdental gingiva).



Class IV: only in marginal gingiva.



Class V: only in interdental gingiva.



Class VI: both marginal gingiva and interdental gingiva.



Hedin’s melanin index classified gingival pigmentation [4], as follows:



Degree 1: one or two solitary unit(s) of pigmentation without the formation of a continuous ribbon.



Degree 2: more than three units of pigmentation without the formation of continuous ribbon.



Degree 3: one or more short continuous ribbons of pigmentation.



Degree 4: long continuous ribbon.



Pain assessment was performed using Visual Analog Scale (VAS) to measure intensity of pain experienced after 1 week, 4 weeks, 12 weeks of treatment [13]. Pain intensity was assessed on the 0–10 scale, with:



0: no pain.



0.1–3: mild pain.



3.1–6: moderate pain.



6.1–10: severe pain.



The clinical evaluation of gingival wound healing was used after 1 day, 1 week, 4 weeks and 12 weeks [13]. Scores were calculated as follows:



0: tissue defect or necrosis.



1: ulcer.



2: incomplete or partial epithelization.



3: complete epithelization.



The Dummett–Gupta Oral Pigmentation Index (DOPI) index was recorded to compare preoperative and postoperative measurement [24]. It was marked with 4 levels as follows:



DOPI score 0: no clinical pigmentation (pink-colored gingiva).



DOPI score 1: slight hyperpigmentation, light brown tissue.



DOPI score 2: moderate hyperpigmentation, medium brown tissue or a blend of pink and brown.



DOPI score 3: severe hyperpigmentation, dark brown or green/black tissue.




2.4. Statistical Analysis


Descriptive statistics were summarized for categorical (proportions and frequencies) and continuous variables (means, standard deviations). Statistical analysis was conducted by using SPSS 22.0 software for Windows (IBM Corp., New York, NY, USA), and Wilcoxon Signed Ranks Test was used to analyze DOPI index at baseline and 4 weeks posttreatment. A p-value ≤ 0.05 was considered statistically significant.




2.5. Ethics Approval


Ethical clearance for the study was obtained from the Ethics Committee of Can Tho University of Medicine and Pharmacy (approval No. 025/PCT–HĐĐĐ dated 15 December 2019). The purpose and procedures of the study were clearly given to patients and their volunteer participation was agreed by written informed consent.





3. Results


Among the studied subjects, 50.0% of participants were males and 50.0% were females. The average age was 22.75 age years (standard deviation = 0.93), with 97.4% in the 20–24 years age range.



Removal of the gingival pigmentation was performed without any bleeding. No carbonization happened in the process of laser treatment. No repetition of the hyperpigmentation method was performed during the postoperative interval. The wound healed completely in 4 weeks without any scar, infection or complication, which resulted in a significant improvement in esthetic appearance.



3.1. Location and Extent of Gingival Pigmentation


In the study, 36.8% had pigmentation in attached gingiva; 34.2% in attached, marginal and interdental gingiva; 18.4% in attached and marginal gingiva; 7.9% in marginal gingiva; and 2.7% in interdental gingiva. There were no cases with pigmentation in marginal gingiva and interdental gingival (Table 1).



This study presented all four degrees of gingival pigmentation as in Hedin’s classification. Out of 38 patients, two patients (5.2%) had one or two solitary unit(s) of pigmentation without the formation of a continuous ribbon; five patients (13.1%) had more than three units of pigmentation without the formation of continuous ribbon; nine patients (23.7%) had one or more short continuous ribbons of pigmentation; and 22 patients (57.8%) had one continuous ribbon (Table 2).




3.2. Pain after Treatment


As shown in Table 3, no one had severe pain after the treatment procedure. In total, 30/38 patients had pain after 1 day: mostly mild pain (29 patients), followed by moderate pain (1 patient). After 1 week, there was only one patient with mild pain left; after treatment at weeks 4 and 12, there was no pain in any patients.




3.3. Healing after Treatment


The result in Table 4 shows that all 38 cases had partial epithelization 1 day after treatment and complete wound healing was achieved after 1 week. The procedure of wound healing of a patient with gingival pigmentation was shown 7 days after treatment in this study (Figure 1).




3.4. Gingival Pigmentation According to DOPI after Treatment


Out of eight patients with a DOPI score of 1 before treatment, seven patients (87.5%) had a DOPI score of 0, while one patient (12.5%) still had a DOPI score of 1 after treatment. Out of 13 patients with a DOPI score of 2, three patients (23.1%) had a DOPI score of 1 and the remaining 10 patients (76.9%) had a DOPI score 0 at 1 week, 4 weeks and 12 weeks posttreatment. Of 17 patients with a DOPI score of 3, thirteen patients (76%) had a DOPI score of 1 and four patients (24%) had a DOPI score of 0. The changes in DOPI indices from baseline to 3 months were 55.6% for CO2-laser-treated sites (Figure 2 and Figure 3). The DOPI index after 4 weeks was significantly decreased compared with the baseline value (p < 0.001) (Table 5).





4. Discussion


In the present study, gingival hyperpigmentation in the attached gingiva had the highest number of cases and no melanin pigmentation in marginal gingiva and interdental gingiva was observed, unlike in the previous study of Ponnaiyan et al. [5] who reported that the majority (25.4%) of gingival pigmentation was in the attached gingiva and interdental gingiva, while there was 12.7% in marginal gingiva and interdental gingiva. The results of the studies were contrasting due to the different study designs and small sample sizes.



The rate of solitary and continuous pigmentation in the present study was lower than in the study of Hanioka et al. (2005) [25], who classified gingival pigmentation according to the presence of solitary pigmentation and the formation of continuous ribbons and reported that 29% to 32% patients had solitary units of pigmentation and 42% to 46% patients had continuous ribbons. However, the Hedin melanin index used to measure the extent of pigmented areas in our study was more specific than the classification used in Hanioka’s study.



A saline swab was used to scrub and remove the chromosome epithelium in the applied gingival areas and then a few small bleeding spots were found, but after the treatment, bleeding was no longer seen. A similar study was conducted by Hedge et al. (2013) [24], where they used Er: YAG laser with a 2.940 nm wavelength, 180 mJ energy, 10 Hz, 1.8 W power, long pulses and noncontact; the laser beam was guided in a “brushstroke” pattern to remove the entire pigmented gingiva. Some bleeding points were observed during the operation, and then no bleeding was found [26]. After lasing, swelling was not found because the CO2 laser causes prompt evaporation of the fluid in the cells, then destroys the cellular structure and may not release inflammatory chemical mediators. In addition to the evaporation of extracellular fluid, the denaturation of the protein structure occurs. A thin modified collagen layer on the surface of the laser-illuminated area can reduce the irritability of the tissue from causes in the oral cavity as an impermeable area as soon as the laser is introduced. Moreover, coagulation and the sealing of blood vessels 0.5 mm in diameter stop the bleeding [24].



The study conducted by Raaman et al. (2016) [27] reported that 6/25 patients had no pain on the first postoperative day, 10/25 patients had pain on the fourth day and no patient had pain on the seventh day after treatment, which is similar to the present study where 8/38 patients had no pain on the first day of treatment and only one patient had mild pain 1 week after treatment. In the recent study, lignocaine spray was applied to the operating area instead of local infiltration anesthesia, so postoperative pain was controlled better and the complete procedure was not interrupted. It is also consistent with the study of Hedge et al. (2013) [24] who observed that patients had no pain for 24 h and 1 week after treatment, whereas the study of Kishore et al. (2014) [13] showed that patients with Er:YAG laser treatment had mild pain, patients treated by CO2 laser had mild to moderate pain, and two patients had severe pain. Less pain after using the Er:YAG laser (2940 nm, 180 mJ, 10 Hz, total power of 1.8 W, long pulse) was due to the nerve endings sealing with the dense dry protein network in the gingival surface acting as a biofilm and the heat generation of the Er:YAG laser was shallower than the CO2 laser [28].



In this study, all patients had partial epithelization on post-operative day 1 (Figure 1b) and had complete epithelization the 1st week after treatment (Figure 1d). Hegazy et al. (2015) [16] used a CO2 laser at 3 W average power level and reported a similar result. The study conducted by Nagpal et al. (2015) [29] applied a diode laser with an 810 nm wavelength, 1 W power and continuous mode to treat gingival pigmentation in the first quadrant and epithelization was complete after 3 months of treatment, which is similar to the present study. Additionally, similar results were found by Ali et al. (2015) [7] using a diode laser with a wavelength of 810 nm at 0.5–1.5 W power in continuous mode and full epithelization was reported 2 weeks after the completion of treatment, while gingival tissues treated applying laser Er:YAG healed completely after 4 weeks, which was reported in the study of Pavlic et al. (2018) [14].



The present study revealed that 17 patients with a DOPI score of 3 had mild pigmentation (DOPI score 1) 4 weeks after treatment. It was consistent with the study conducted by Sukumar (2015) [30], in which one patient had a DOPI score of 0, eight patients had a DOPI score of 1 and one patient had a DOPI score of 2. After the 1st week, there was exfoliation of fibrin layer and re-epithelization, and the gingiva was healthy with no infection, swelling or scarring. After the 2nd week, gingival epitheliums were nonkeratinized and reddish gingiva was obtained. After the 4th week, the treated gingiva looked normal [31,32].



The relapse of pigmentation in interdental papilla and a few in attached gingiva was observed in the present study, which is similar to the study of Kishore et al. (2014) [13]. Moreover, Hegde et al. (2013) [24] reported that the relapse rate after 6 months of using CO2 laser for gingival hyperpigmentation was 22.8%, and the time to recurrence was 3 months after treatment.



The current study recognized that the use of a CO2 laser has advantages over gingival melanin hyperpigmentation treatment, such as hemostasis and less gingival deformity in gingival margin or interdental papilla. Nevertheless, the limitation of a CO2 laser is that it cannot entirely remove melanin pigment in deep layers due to the effect on the bone and tooth structure. Additionally, the overactivity, proliferation and transfer of residual pigment cells after performing the CO2 laser procedure explains the repigmentation in our study [28].




5. Conclusions


According to the results of the study, using a super-pulsed CO2 laser was a safe and effective modality for removing melanin pigmented gingiva. Patients’ pain experience was reduced after 1 week of treatment and a better healing process was shown at 7 days post-operatively. Moreover, the aesthetic outcome after CO2 laser-assisted treatment of pigmentation was improved. Therefore, it is clear that the efficacy of the CO2 laser method is obtained, and it is recommended that clinicians consider the CO2 laser method as an option for pigmented gingiva removal for their patients’ treatment.







Author Contributions


Conceptualization, T.H.T. and Q.L.D.N.; methodology, T.H.T. and Q.L.D.N.; formal analysis, T.H.T. and Q.L.D.N.; investigation, T.H.T. and Q.L.D.N.; data curation, T.H.T. and Q.L.D.N.; writing—original draft preparation, T.H.T. and Q.L.D.N.; writing—review and editing, T.H.T., T.T.D., K.N.T., Q.V.D. and M.T.N.B.; visualization, T.H.T. and Q.L.D.N.; supervision, T.T.D., K.N.T. and M.T.N.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Can Tho University of Medicine and Pharmacy, CTUMP grant number 1820/ĐHYDCT.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of Can Tho University of Medicine and Pharmacy (approval No. 025/PCT–HĐĐĐ dated 15 December 2019).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data of this study are available from the corresponding author on reasonable request via thtrung@ctump.edu.vn.




Acknowledgments


We appreciate the support from Can Tho University of Medicine and Pharmacy, Vietnam.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Dummett, C.O. First symposium on oral pigmentation. J. Periodontol. 1960, 31, 356–360. [Google Scholar] [CrossRef]

	



Fry, L.; Almeyda, J.R. The Incidence of Buccal Pigmentation in Caucasoids and Negkoids in Bkitain. Br. J. Dermatol. 1968, 80, 244–247. [Google Scholar] [CrossRef] [PubMed]

	



Tamizí, M.; Taheri, M. Treatment of severe physiologic gingival pigmentation with free gingival autograft. Quintessence Int. 1996, 27, 555–558. [Google Scholar] [PubMed]

	



Hedin, C.A. Smoker’s melanosis. Occurrence and localization in the attached gingiva. Arch. Dermatol. 1977, 113, 1533–1538. [Google Scholar] [CrossRef]

	



Ponnaiyan, D.; Gomathy, L.; Anusha, J.A. The correlation of skin color and gingival pigmentation patterns in a group of South Indians in Tamil Nadu, India. SRM J. Res. Dent. Sci. 2013, 4, 54–58. [Google Scholar] [CrossRef]

	



Çerman, A.; Altuna, I. Oral Pigmentation. J. Pigment. Disord. 2016, 3, 2376–2427. [Google Scholar] [CrossRef]

	



Ali, S.M.; Kumar, N.P.; Reddy, A.; Vasudevan, S. Comparative Evaluation Between Scalpel and Laser Technique in Gingival Depigmentation: A Case report. Int. J. Contemp. Med. Res. 2015, 2, 126–130. [Google Scholar]

	



Kaushik, N.; Srivastava, N.; Kaushik, M.; Gaurav, V. Efficacy of Different Techniques of Gingival Depigmentation: A Comparative Evaluation with a Case Report. Int. J. Laser Dent. 2013, 3, 68–72. [Google Scholar] [CrossRef]

	



Hariati, L.T.; Sunarto, H.; Sukard, I. Comparison between diamond bur and diode laser to treat gingival hyperpigmentation. J. Phys. Conf. Ser. 2018, 1073, 062020. [Google Scholar] [CrossRef]

	



Ribeiro, F.V.; Cavaller, C.P.; Casarin, R.C.; Casati, M.Z.; Cirano, F.R.; Dutra-Corrêa, M.; Pimentel, S.P. Esthetic treatment of gingival hyperpigmentation with Nd:YAG laser or scalpel technique: A 6-month RCT of patient and professional assessment. Lasers Med. Sci. 2014, 29, 537–544. [Google Scholar] [CrossRef]

	



Basha, M.I.; Hegde, R.V.; Sumanth, S.; Sayyed, S.; Tiwari, A.; Muglikar, S. Comparison of Nd:YAG laser and surgical stripping for treatment of gingival hyperpigmentation: A clinical trial. Photomed. Laser Surg. 2015, 33, 424–436. [Google Scholar] [CrossRef] [PubMed]

	



Fekrazad, R.; Chiniforush, N. One visit providing desirable smile by laser application. J. Lasers Med. Sci. 2014, 5, 47–50. [Google Scholar] [PubMed]

	



Kishore, A.; Kathariya, R.; Deshmukh, V.; Vaze, S.; Khalia, N.; Dandgaval, R. Effectiveness of Er:YAG and CO2 lasers in the management of gingival melanin hyperpigmentation. Oral Health Dent. Manag. 2014, 13, 486–491. [Google Scholar] [PubMed]

	



Pavlic, V.; Brkic, Z.; Marin, S.; Cicmil, S.; Gojkov-Vukelic, M.; Aoki, A. Gingival melanin depigmentation by Er: YAG laser: A literature review. J. Cosmet. Laser Ther. 2018, 20, 85–90. [Google Scholar] [CrossRef] [PubMed]

	



Arif, R.H.; Kareem, F.A.; Zardawi, F.M.; Al-Karadaghi, T.S. Efficacy of 980 nm diode laser and 2940 nm Er: YAG laser in gingival depigmentation: A comparative study. J. Cosmet. Dermatol. 2021, 20, 1684–1691. [Google Scholar] [CrossRef]

	



Hegazy, A.M.; Bakr, A.B.; Hassan, E.K.A. Treatment of Gingival Hyperpigmentation Using CO2 Laser: A Case Report. Int. J. Clin. Dev. Anat. 2015, 2, 18–25. [Google Scholar]

	



Muruppel, A.M.; Pai, B.S.J.; Bhat, S.; Parker, S.; Lynch, E. Laser-Assisted Depigmentation—An Introspection of the Science, Techniques, and Perceptions. Dent. J. 2020, 8, 88. [Google Scholar] [CrossRef]

	



Luk, K.; Zhao, I.S.; Gutknecht, N.; Chu, C.H. Use of carbon dioxide lasers in dentistry. Lasers Dent. Sci. 2019, 3, 1–9. [Google Scholar] [CrossRef]

	



Pick, R.M.; Pogrel, M.A.; Loh, H.S. Clinical applications of the CO2 laser. In Lasers in Dentistry; Miserendino, L.J., Pick, R.M., Eds.; Quintessence Publishing: Batavia, IL, USA, 1995; pp. 145–160. [Google Scholar]

	



Rossmann, J.A.; Rees, T.D.; Blieden, T.; Damoulis, P.; Fiorellini, J.P.; Giannobile, W.; Greenstein, G.; Greenwell, H.; Iacono, V.J.; Mariotti, A.; et al. Lasers in Periodontics. J. Periodontol. 2002, 73, 1231–1239. [Google Scholar]

	



Thao, D.T.; Linh, N.P.; Tuong, N.N. Laser-assisted treatment of peri-implantitis: A case report. Int. J. Microdent. 2020, 11, 114–117. [Google Scholar]

	



Mizutani, K.; Aoki, A.; Coluzzi, D.; Yukna, R.; Wang, C.Y.; Pavlic, V.; Izumi, Y. Lasers in minimally invasive periodontal and peri-implant therapy. Periodontology 2000 2016, 71, 185–212. [Google Scholar] [CrossRef] [PubMed]

	



Jassim, S.D. Laser Applications in Periodontology. In Public Health in Developing Countries—Challenges and Opportunities; Anugwom, E., Awofeso, N., Eds.; IntechOpen: London, UK, 2019. [Google Scholar]

	



Hegde, R.; Padhye, A.; Sumanth, S.; Jain, A.S.; Thukral, N. Comparison of surgical stripping; erbium-doped:yttrium, aluminum, and garnet laser; and carbon dioxide laser techniques for gingival depigmentation: A clinical and histologic study. J. Periodontol. 2013, 84, 738–748. [Google Scholar] [CrossRef] [PubMed]

	



Hanioka, T.; Tanaka, K.; Ojima, M.; Yuuki, K. Association of melanin pigmentation in the gingiva of children with parents who smoke. Pediatrics 2005, 116, 186–190. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, G.; Rana, V.; Srivastava, N.; Chandna, P. Laser Pulpotomy—An Effective Alternative to Conventional Techniques: A 12 Months Clinicoradiographic Study. Int. J. Clin. Pediatr. Dent. 2015, 8, 18–21. [Google Scholar] [CrossRef] [PubMed]

	



Raaman, A.R.; Pratebha, B.; Jananni, M.; Saravanakumar, R. Comparison of efficacy of depigmentation of gingiva in terms of ImageJ intensity values and surface area of repigmentation using scalpel and diode laser. Int. J. Oral Health Sci. 2016, 6, 59–64. [Google Scholar]

	



Murthy, M.B.; 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. [Google Scholar] [CrossRef]

	



Nagpal, D.; Prakash, S.; Singh, G. Gingival Depigmentation Using Different Techniques: A Follow up Study. Arch. Dent. Med. Res. 2015, 1, 95–100. [Google Scholar]

	



Sukumar, S. Management of Gingival Hyperpigmentation Using Diode Laser and CO2 Laser Therapy: A Comparative Study. Ph.D. Thesis, Medical University, Tirunelveli, India, 2015. [Google Scholar]

	



Tal, H.; Oegiesser, D.; Tal, M. Gingival Depigmentation by Erbium:YAG Laser: Clinical Observations and Patient Responses. J. Periodontol. 2003, 74, 1660–1667. [Google Scholar] [CrossRef]

	



Ko, H.J.; Park, J.W.; Suh, J.Y.; Lee, J.M. Esthetic treatment of gingival melanin hyperpigmentation with a Nd:YAG laser and high speed rotary instrument: Comparative case report. J. Periodont. Implant Sci. 2010, 40, 201–205. [Google Scholar] [CrossRef]








[image: Dentistry 10 00238 g001 550] 





Figure 1. The wound healing process in the anterior mandibular gingiva after the depigmentation treatment. (a) Immediately after lasing; (b) after 1 day—score 2; (c) after 4 days—score 2; (d) after 7 days—score 3. 
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Figure 2. DOPI score using CO2 laser at weeks 1, 4 and 12 after treatment. 
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Figure 3. Gingival depigmentation at 12-week follow-up. (a) Before treatment—DOPI score 3; (b) 1 week treatment—DOPI score 1; (c) 4 weeks treatment—DOPI score 1; (d) 12 weeks treatment—DOPI score 1. 
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Table 1. Location of gingival pigmentation (Ponnaiyan’s classification).






Table 1. Location of gingival pigmentation (Ponnaiyan’s classification).





	
Variable

	
Frequency




	
n (%)

	
n (%)

	
n (%)




	
Maxillary

	
Mandibular

	
Total






	
Class I

	
5 (13.1)

	
9 (23.7)

	
14 (36.8)




	
Class II

	
4 (10.5)

	
3 (7.9)

	
7 (18.4)




	
Class III

	
9 (23.6)

	
4 (10.6)

	
13 (34.2)




	
Class IV

	
2 (5.2)

	
1 (2.7)

	
3 (7.9)




	
Class V

	
1 (2.7)

	
0 (0)

	
1 (2.7)




	
Class VI

	
0 (0)

	
0 (0)

	
0 (0)
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Table 2. Extent of gingival pigmentation (Hedin’s classification).






Table 2. Extent of gingival pigmentation (Hedin’s classification).





	
Variable

	
Frequency




	
n (%)

	
n (%)

	
n (%)




	
Maxillary

	
Mandibular

	
Total






	
Degree 1

	
0 (0)

	
2 (5.2)

	
2 (5.2)




	
Degree 2

	
1 (2.7)

	
4 (10.5)

	
5 (13.1)




	
Degree 3

	
6 (15.8)

	
3 (7.9)

	
9 (23.7)




	
Degree 4

	
13 (34.1)

	
9 (23.7)

	
22 (57.8)
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Table 3. Pain at 1 day, weeks 1, 4 and 12 after treatment.






Table 3. Pain at 1 day, weeks 1, 4 and 12 after treatment.





	
Variable Pain

	
Time




	
n (%)

	
n (%)

	
n (%)

	
n (%)




	
1 Day

	
1 Week

	
4 Weeks

	
12 Weeks






	
No

	
8 (21)

	
37 (97)

	
38 (100)

	
38 (100)




	
Mild

	
29 (76)

	
1 (2.6)

	
0 (0)

	
0 (0)




	
Moderate

	
1 (2.6)

	
0 (0)

	
0 (0)

	
0 (0)




	
Severe

	
0 (0)

	
0 (0)

	
0 (0)

	
0 (0)
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Table 4. Healing at day 1, week 1 and 4 after treatment.






Table 4. Healing at day 1, week 1 and 4 after treatment.





	
Variable Healing

	
Time




	
n (%)

	
n (%)

	
n (%)




	
1 Day

	
1 Week

	
4 Weeks






	
Score 1

	
0 (0)

	
0 (0)

	
0 (0)




	
Score 2

	
0 (0)

	
0 (0)

	
0 (0)




	
Score 3

	
38 (100)

	
0 (0)

	
0 (0)




	
Score 4

	
0 (0)

	
38 (100)

	
38 (100)
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Table 5. Pre- and 4-week postoperative comparison of DOPI index.






Table 5. Pre- and 4-week postoperative comparison of DOPI index.





	
Variable

	
Baseline

	
4 Weeks






	
Mean ± SD

	
2.24 ± 0.79

	
0.97 ± 0.16




	
p *

	
<0.001








* Wilcoxon Signed Ranks Test, statistically significant p-value ≤ 0.05.
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