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Abstract

Fixed orthodontic appliances passively affect the health of periodontal tissues by preventing access to good oral hygiene, resulting in accumulation of bacterial plaque. This study has the purpose of finding data about the clinical evaluation of gingival hypertrophy, caused in patients treated with fixed orthodontic appliances in the oral cavity. At 34 patients with fixed orthodontic appliances, clinical data about vertical growth index and horizontal growth index of papillary gingiva, in Ramfjord teeth, were recorded. Data about the index of gingival hemorrhage were also recorded. Statistical analysis of the data was performed using the McNemar test to compare the frequency of correct responses, compared to the frequency of incorrect responses against specific items included in the questionnaire prepared for use in this study. Fisher's exact test was used to make the comparison in a 2x2 contingency table. Vertical index of hypertrophy (IV) in tooth 11 is more reduced than in tooth 31. Horizontal index of hypertrophy (HI) is in the same values in both teeth. PBI-index has higher values in tooth 31. For teeth 14 and 34, IV-index is higher in tooth 14, and IH-index for the same PBI index. For teeth 26-46: IV-index and IH-index are higher in 26 than in 46 with the same difference range of 0.4. The PBI is higher at 46 than at tooth 26 with a value difference of 0.3. According to age groups IV, the highest values of I are in the post-adolescent age of 17-21 years, while IH is in the adolescent age of 12-16 years. The highest IH-index is in adolescence and the most reduced in adulthood. PBI regardless of gender has the same values, where in men it reaches the highest values in adulthood, while in women it reaches the highest value in adolescence. The mandibular incisor is more prone to coronal coverage from orthodontic appliance-induced gingival hypertrophy than the maxillary incisor. Gingival hypetrophy caused by the insufficient plaque removal at orthodontic appliance in 14 has a more obvious cubic shape than in 34.
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1 INTRODUCTION AND AIM
Gingival hypertrophy is a widely accepted terminology to describe the increase in size of the gingiva. It is a multifactorial condition that develops in response to various stimuli and interactions between the host and the external environment. Based on its extent and expressed degree, gingival hypertrophy can lead to functional disorders, such as speech changes, chewing difficulties, and aesthetic and psychological problems[1-3].
Gingival hypertrophy influences the quality of life related to oral health in patients followed by fixed orthodontic appliances[4, 5]. Its correct management will depend on establishing an accurate diagnosis. According to etiopathogenesis, hypertrophy can be:
1. Inflammatory
2. Influenced by medications,
3. Associated with a systemic condition or disease
4. Neoplastic or false enlargements.
According to the location, hypertrophy can be marginal, papillary or diffuse. Based on the distribution it can be localized or generalized. Localized hypertrophy can be further divided into three subtypes: isolated, discrete, or regional. Isolated hypertrophy is limited to the gingiva adjacent to one or two teeth (eg, gingival/periodontal abscess). Whereas discrete lesions are isolated pedunculated, tumor-like enlargements (eg, fibroma/pyogenic granuloma). Regional extensions refer to the involvement of the gingiva of three or more teeth in one or more areas of the mouth. Generalized enlargement refers to the involvement of the gingiva adjacent to almost all the teeth present[5-8].
In this case, gingival hypertrophy is the result of local irritants associated with the gingiva. Among the most important irritants we mention: microbial deposits (bacterial plaques and calculus), fractured teeth, hanging restorations, ill-adapted prostheses, orthodontic brackets, etc.[8].
Fixed orthodontic appliances passively affect the health of periodontal tissues by preventing access to good oral hygiene and thus resulting in the accumulation of bacterial plaque. The most common periodontal tissue changes detected during fixed orthodontic therapy are gingivitis, gingival recession, and gingival enlargement[9]. During fixed orthodontic therapy, adolescents tend to have more chances of gingivitis and gingival hypertrophy than adults[10]. The exact mechanism of the development of gingival hypertrophy is still not completely clear, but it is thought to involve increased production of amorphous ground substance with a high level of glycosaminoglycans by fibroblasts. Increased expression of collagen type I mRNA and upregulation of keratinocyte growth factor receptor may play an important role in the excessive proliferation of epithelial cells and the development of hypertrophy[11]. This situation may lead to more inflammation and further accumulation of bacterial plaque entering a vicious circle. Thus, there is a transformation of the gingival sulcus into a periodontal pocket creating an area where plaque removal becomes impossible[6, 8, 12].
At first, this clinical manifestation appears as a slight swelling of the papilla or marginal gingiva, which can then increase in size and spread in a generalized manner. Clinically it can appear light blue or bright red, soft and with a shiny surface which can bleed easily. Sometimes, chronic inflammatory hypertrophies may appear firm, resilient, pink, and fibrotic, indicating the presence of abundant fibroblasts and collagen fibers[11-13]. Not good oral hygiene and small doses of nickel released at the level of the epithelium from the corrosion of orthodontic appliances, can be causes of gingival hypertrophy in orthodontic patients.
Fixed orthodontic appliances usually include brackets, bands and arches made of steel, nickel-titanium or nickel-cobalt alloys which can leach metal ions. The study conducted by Faccioni F et al. (2003) examined the biocompatibility of fixed orthodontic appliances by evaluating the presence of metal ions in oral mucosal cells, their cytotoxicity and their potential genotoxic effects. The results showed that nickel and cobalt concentrations were 3.4 and 2.8 times higher in patients than in the control group, respectively, and that nickel and cobalt released from fixed orthodontic appliances could induce DNA damage in oral mucosal cells[9-11]. A study was conducted to determine the prevalence of nickel allergy in a group of orthodontic patients and to compare the periodontal status between them and patients not allergic to nickel. The results of this study indicated a progressive effect of nickel on the occurrence of clinical periodontal abnormalities such as bleeding, hyperplasia and color changes throughout fixed orthodontic therapy in patients allergic to nickel [12-14].
Gursoy UK et al., undertook to evaluate the role of nickel accumulation and cell proliferation in the occurrence of gingival hyperplasia in orthodontic patients. Healthy and hyperplastic gingiva samples were taken from 10 orthodontic patients. Histological analyzes showed an increase in epithelial thickness and also a significant increase in epithelial cell proliferation at low-dose nickel concentrations, and with a toxic response to a higher dose. The results of the study affirm that the effect of a continuous release of low-dose nickel on the epithelium is the initiating factor of the overgrowth of gingiva caused by orthodontic treatment[15-18].
This study aims to find data about the clinical evaluation of gingival hypertrophy, caused in patients treated with fixed orthodontic appliances in the oral cavity, to analyze the ethological factors, differences in terms of localization, age, duration of ortho therapy with fixed appliances.
2 METHODS
The study is based on the collection of data on patients with fixed orthodontic appliances placed in the oral cavity. The study was not designed with a control group as it aims to evaluate gingival hypertrophy in patients with fixed orthodontic appliances, only to evaluate and not to compare these data. There is no dental intervention in these patients to see the changes that the dental intervention brings, but on the other hand, the reasons for the occurrence of gingival hypertrophy may not be related only to the orthodontic appliance, as explained in the introductory part of the article. On the other hand, an attempt has been made to exclude patients based on the exclusion criteria of this study in order not to include patients suffering from systemic pathologies that cause gingival hypertrophy regardless of whether or not the orthodontic appliance is in the oral cavity. About 34 patients were included in this study, whose demographic data and data on the duration of orthodontic treatment or more precisely on the duration of placement of the fixed orthodontic appliance in the oral cavity were recorded. The patients were selected ad-hoc in a specialized dental clinic, where they were presented for the next treatment in the orthodontic appliance treatment protocol. Consent was requested from all of them for inclusion in the study before the collection of the necessary data for further analysis in this study. The teeth in the patients included in the study were numbered according to the FDI World Dental Federation notation system (ISO 3950). The recorded data were the index of vertical growth and horizontal growth of the gingival papilla in Ramfjord teeth in the papillary gingiva. The data was recorded by the same dentist after his full consultation in the literature on the methodology of evaluating the gingival hypertrophy indices and the way of recording it in the relevant excel tables designed for this study. In the same patients, after evaluating the indices of gingival hypertrophy, the index of gingival hemorrhage was also recorded. This article was carried out in full compliance with the national rules of ethics, respecting the regulations of the Council of Ethics of the respective Institutions of the authors.
Consent was requested from all of them for inclusion in the study before the collection of the necessary data for further analysis in this study. The consent requested from the patients included in the study was obtained verbally, since in this study there is only a recording of real data in the oral cavity of the patients evaluated by means of selected periodontal indices. It is emphasized that there is no intervention, even mini-invasive, in the patients, since the purpose of this study was only the collection of data, something for which the patients were well-informed. To maintain the anonymity of the patient, each patient was initially registered by staff not involved in the index assessment, but who only recorded the patient's initials by corresponding a number, to be the number that would later represent the patient in the later stages of the patient.
This study was approved by the Institutional Ethics Committee of Albanian University (02.06.2019), Tirana, Albania, according to national regulations (according to the rules of the institution also)(no.320/2).
Continuous data were presented in mean and standard deviation, while discrete data were presented in absolute value and percentage. Different types of graphs and tables (simple and composite) were used to present the data. Statistical analysis of the data was performed using the McNemar test to compare the frequency of correct responses, compared to the frequency of incorrect responses against specific items included in the questionnaire prepared for use in this study. Fisher's exact test was used to make the comparison in a 2x2 contingency table. P values ​​less than 0.05 were considered statistically significant. Statistical analysis was performed mainly using MS Excel.
Patients excluded from registration and further data processing are those who take medications that cause gingival hypertrophy and those who are allergic to metals or dental materials, regardless of whether they have fixed orthodontic appliances in the oral cavity.
3 RESULTS
Based on the data collected from clinical examinations of patients with orthodontic appliances, who agreed to be part of the study, they were processed and presented according to the tables below.
[Table. 1] shows the average values of the vertical and hozitonal index and the bacterial plaque index, respectively, for teeth 11 and 31, with the aim of comparing these values.
[Fig. 1] shows the data of [Table. 1].
[Table. 2] shows the data on the average values of teeth 14 and 34 respectively.
[Fig. 2] shows the data of [Table. 2]. 
[Table. 3] shows the average values of indexes for teeth 26 and 46.
[Fig. 3] shows the data of [Table. 3].
[Table. 4] shows data on the average values of the bacterial plaque based on the age groups of the patients included in the study.
[Fig. 4] shows presentation of the average values of the vertical and horizontal index of gingival hypertrophy and the bacterial plaque index according to the age groups defined in the study.
[Table. 5] shows the IV, IH and PBI indices divided by age groups 12-18 years and 19-31 years, but also divided by gender. This table makes the possible differentiation of gingival hypertrophies caused by sex hormones and their fluctuations according to the age of adolescence or according to gender.
[Table. 6] shows the data on the average values of the indices divided by gender and age groups of the patients included in the study.
[Fig. 5] shows the data of [Table. 6]. 
	11-31 Years 
of treatment
Average values
	Tooth	1-2 years	3-4 years	5-6 years	Average
	IV	11	1.2	1.4	1	1.2
	31	1.4	2	1.6	1.6
	IH	11	0.6	1.7	1.6	1.3
	31	1	1.5	1.6	1.3
	PBI	11	1.1	1.1	1	1.06
	31	2.2	1.4	1.6	1.7

Table 1: Average values of horizontal, vertical and bacterial plaque indices for teeth 31 and 11, respectively 
	14-34 Years 
of treatment
Average values
	Tooth	1-2 years	3-4 years	5-6 years	Average
	IV	14	2	2	2	2
	34	1.3	1.6	1	1.3
	IH	14	1.3	2.3	1.6	1.7
	34	1	0.6	0.6	1
	PBI	14	1.5	1.6	1	1.4
	34	1.8	1.7	1.3	1.6

Table 2: Average values of horizontal, vertical and bacterial plaque indices for teeth 14 and 34, respectively 
	26-46 Years 
of treatment
Average values
	Tooth	1-2 years	3-4 years	5-6 years	Average
	IV	26	1.4	1.6	1.6	1.5
	46	1.25	1.2	0.7	1.1
	IH	26	1.6	2.2	2	1.9
	46	1	1.5	1.6	1.4
	PBI	26	1.4	1.6	0.7	1.2
	46	1.5	1.8	1.3	1.5

Table 3: Average values of horizontal, vertical and bacterial plaque indices for teeth 26 and 46, respectively 
	Age group 
Average values	12-16 years	17-21 years	22-26 years	27-31 years
	IV	1.5	1.7	1.4	2
	IH	1.7	1.6	1.4	2.2
	PBI	1.3	1.8	2	1.8

Table 4: Data on the average values of the horizontal index, vertical index and bacterial plaque index based on age groups 
	Gender
	Female
	Male

	Age groups
	12-16 years
No. Pat. - %
	17-21 years
No. Pat. - %
	22-26 years
No. Pat. - %
	27-31 years
No. Pat. - %

	Index	Index value
	IV	0	 	2– 7%	 	 
	1	1 – 3%	1 – 3%	6 – 20%	2– 7%
	2 	4 – 13%	9 – 30%	2– 7%	 
	3	1 – 3%	2– 7%	 	 
	IH	0	1 – 3%	2– 7%	 	 
	1	1 – 3%	2– 7%	3 – 10%	2– 7%
	2	3 – 10%	2– 7%	3 – 10%	 
	3	1 – 3%	8	2– 7%	 
	4	 	1 – 3%	 	 
	PBI	0	2– 7%	1 – 3%	3 – 10%	 
	1	1 – 3%	4 – 13%	4 – 13%	1 – 3%
	2	2– 7%	6	1 – 3%	1 – 3%
	3	 	3 – 10%	 	 
	4	1 – 3%	 	 	 
	Total	6 – 20%	14- 47%	8-27%	2– 7%

Table 5: Values of IV, IH and PBI indices according to the age groups 12-18 years and 19-31 years and according to the gender of the patient 
	Average values	Age	Female	Male	Average
	IV	12-18 years	2	1.3	1.7
	19-31 years	1.8	1	1.4
	IH	12-18 years	1.7	1.9	1.8
	19-31 years	1.7	1	1.4
	PBI	12-18 years	1.5	1.8	1.7
	19-31 years	1.8	1.5	1.7

Table 6: Data on the average values of the horizontal index, vertical index and bacterial plaque index based on age groups and by gender 
Fig. 1: Average values of IV, IH and PBI for teeth 31 and 11, classified according to years of appliance placement 
Fig. 2: Average values of IV, IH and PBI for teeth 14 and 34, classified according to years of appliance placement 
Fig. 3: Average values of IV, IH and PBI for teeth 31 and 11, classified according to years of appliance placement 
Fig. 4: Presentation of the average values of the vertical and horizontal index of gingival hypertrophy and the bacterial plaque index according to the age groups defined in the study 
Fig. 5: This chart shows the average values of the IV, IH and PBI indices classified according to the patient's age and gender 
Many authors emphasize the importance of maintaining the best oral hygiene, especially in patients with fixed orthodontic appliances, in order to avoid the occurrence of gingival hypertrophy. Thus, during a study conducted by Eid HA et al. (2014) found that patients who performed oral hygiene steps more than three times a day did not show gingival hypertrophy. On the other hand, patients who brushed their teeth and used dental floss only once a day had the highest percentage of gingival hypertrophy (Grade 2)[10]. Another study also mentions that gender, age, oral hygiene and duration of orthodontic treatment are among the most important risk factors for gingival hypertrophy[12]. In accordance with the research of the above authors, another research was conducted to compare the efficacy of chlorhexidine, Persica mouthwash and electric brush in improving gingival hypertrophy in patients with fixed orthodontic appliances. The results show that the efficacy of Persic was similar to that of chlorhexidine in improving gingival condition. Both manual brushing, electric brushing, and manual brushing combined with Persica mouthwash or chlorhexidine failed to reduce gingival hypertrophy to clinically satisfactory levels[13]. Various attempts have been made to discover a paste formula. or various gargles which have a positive effect on the elimination of bacterial plaque. But based on a 2018 research, it was concluded that the clinical and microbiological effects of using centylpyridinium chloride toothpaste and mouthwash in orthodontic patients are limited in terms of their impact on reducing bacterial plaque accumulation and gingival inflammation[14]. The use of a 40% chlorhexidine varnish in patients with fixed orthodontic appliances was shown to decrease gingival hypertrophy. And although it is a very promising result, further studies are needed to determine the frequency and time sufficient for its application[15]. Another very important factor is the level of oral hygiene in patients who undergo organ transplants, and respectively that of the liver, where it was seen that 41% of patients who were followed with ciclosporin after the transplant showed gingival hypertrophy. It was seen that the condition of oral health in patients was not good and that there is a need for implementation of oral health programs before and after surgery for these patients[16].
In a study conducted to evaluate the influence of the duration of therapy on the degree of gingival hypertrophy and on some features of the abscess, it was found that hypertrophy was greater in patients presenting the highest Plaque Index and who were followed by appliances fixed orthodontics for more than 12 months compared to patients who had less than 6 months or 6 to 12 months of follow-up with this treatment. It was also seen that the increase in salivary fluid and pH values had a relationship with the increase in the Plaque Index, with the increase in the Gingival Index, and the Gingival Hypertrophy Index in patients with a longer duration of therapy.9 Boke, Fatma et al. (2012) conducted a retrospective study in patients of the Department of Orthodontics, Faculty of Dentistry, University of Gaz, during the period 2006-2012[17-20]. It turned out that in patients treated with fixed orthodontic appliances, bacterial plaque, inflammation and gingival recession showed a significant increase after treatment. No statistically significant difference was found in patients treated with functional appliances before and after treatment[17].
During their study, the authors saw that the more intensive use of a soft brush, dental floss, interdental brushes, and gargles could bring a decrease in the values of this index[20]. On the other hand, a study conducted by Mulla et al. (2020) to evaluate periodontal parameters between patients with transparent masks and those with three different types of traditional brackets (metallic, self-ligating and ceramic) concluded that the Hemorrhage Index, as well as other periodontal indices, show higher values lower in patients followed with transparent masks compared to the traditional method[21]. At the beginning of the research conducted by Hadzic et al., (2022), before the placement of the fixed orthodontic appliance, 23.7% of the respondents had gingival hyperplasia, while after the end of a two-year therapy, this percentage had increased to 73.7 %. The authors stated that the results were expected to some extent, because poor oral hygiene was indicated as the main cause of gingival hyperplasia, while the Plaque Index value also increased[19, 22].
In a study conducted to examine the prevalence of periodontal disease in primary teeth in children with cerebral palsy, the Plaque Index, Calculus Index, Gingival Index, Simplified Oral Hygiene Index, and Gingival Hyperplasia index were measured. At the end of the study, it was found that children with cerebral palsy show higher values of these indices in the primary dentition than the control group. On the other hand, there is a difference in these values for children who have the care of their parents for the maintenance of oral hygiene[23].
Fixed orthodontic appliances lead to increased expression of IL-1β and IL-8. In the study by Giannopoulou C et al., increased levels of IL-1β and IL-8 were also associated with high values of hypertrophy and probing bleeding index. This may reflect biological activity in the periodontium during orthodontic tooth movement[24]. Parameters such as periodontal pocket depth, gingival index, plaque index and IL-1β levels were higher in cases of bands placed on premolars compared to teeth with brackets. On the other hand, these parameters showed a significant decrease when chlorhexidine varnish was applied [8, 25-30].
According to age, the division of ad-hoc patients is for the female gender 12-21 years old against the age 22-31 years in the ratio 1.5:1, while for the male gender in the ratio 3:1. Only according to gender, the female: male ratio is 2:1, where the minimum age is 12 years, the maximum age is 30 years for the female gender (average age 21 years). For the male gender, the minimum age is 13 years and the maximum age is 31 years (average age 18 years). According to the years of placement of the orthodontic appliance, patients are classified; 1-2 years in 29%, 3-4 years in 59% and 5-6 years in 12%. IV in tooth 11 is more reduced than in tooth 31. IH is in the same values in both teeth. PBI has higher values in tooth 31.
For teeth 14 and 34, it can be said that IV is higher in tooth 14, as well as IH for the same PBI index. For teeth 26-46 it can be said that IV and IH are higher in 26 than in 46 with the same difference range of 0.4. The PBI is higher at 46 than at tooth 26 with a value difference of 0.3. According to age groups IV, the highest values of I are in the post-adolescent age of 17-21 years, while IH is in the adolescent age of 12-16 years. PBI has high values in 27-31 years old adults. Bad oral hygiene and small doses of nickel released at the level of the epithelium from the corrosion of orthodontic appliances can be causes of gingival hypertrophy in orthodontic patients.
Fixed orthodontic appliances usually include brackets, bands and arches made of steel, nickel-titanium or nickel-cobalt alloys which can leach metal ions. The study conducted by Faccioni F et al. (2003) examined the biocompatibility of fixed orthodontic appliances by evaluating the presence of metal ions in oral mucosal cells, their cytotoxicity and their potential genotoxic effects. The results showed that nickel and cobalt concentrations were 3.4 and 2.8 times higher in patients than in the control group, respectively, and that nickel and cobalt released from fixed orthodontic appliances could induce DNA damage in oral mucosal cells[25]. A study was conducted to determine the prevalence of nickel allergy in a group of orthodontic patients and to compare the periodontal status between them and patients not allergic to nickel. The results of this study indicated a progressive effect of nickel on the occurrence of clinical periodontal abnormalities such as bleeding, hyperplasia and color changes throughout fixed orthodontic therapy in patients allergic to nickel[26]. Gursoy UK et al., undertook to evaluate the role of nickel accumulation and cell proliferation in the occurrence of gingival hyperplasia in orthodontic patients. Healthy and hyperplastic gingiva samples were taken from 10 orthodontic patients. Histological analyzes showed an increase in epithelial thickness and also a significant increase in epithelial cell proliferation at low-dose nickel concentrations, and with a toxic response to a higher dose. The results of the study affirm that the effect of a continuous release of low-dose nickel on the epithelium is the initiating factor of the overgrowth of gingiva caused by orthodontic treatment[27].
4 CONCLUSIONS
According to gender, women have higher IV regardless of age, where these values peak in adolescence. The highest IH in men is in adolescence and the lowest in adulthood. PBI regardless of gender has the same values, where in men it reaches the highest values in adulthood, while in women it reaches the highest value in adolescence. Despite the same values of the amount of bacterial plaque, the mandibular incisor is more prone to coronal coverage from gingival hypertrophy caused by the insufficient plaque removal at orthodontic appliance than the maxillary incisor. The mechanical removal of bacterial plaque against the habits or method of brushing teeth in premolars is the same regardless of whether it is maxillary or mandibular. Gingival hypertrophy caused by the insufficient plaque removal at orthodontic appliance in 14 has a more obvious cubic shape than in 34. For gingival hypertrophy caused by the insufficient plaque removal at orthodontic appliance, tooth 26 is more prone than tooth 46, despite the fact that bacterial plaque persists more on tooth 46.
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PBI – Index of Bacterial pllaque
5 DECLARATIONS
Ethical Approval: As the authors of the article, we state that there is no violation of the code of ethics during the realization of this article. Consent in the participation of patients in the study was performed with the signature of the patients themselves, procedures based on national protocols. This study was approved by the Institutional Ethics Committee of Albanian University (02.06.2019), Tirana, Albania, according to national regulations (according to the rules of the institution also)(no.320/2).
Availability of data and materials: The datasets analyzed during the current study are available from the corresponding author.
Competing interests: The authors declare that they have no competing interests.
Funding: None.
Authors’ contributions: IR and RK collected the scientific data and wrote the manuscript. SH revised and edited the manuscript. Literature research was conducted by SH. IR and VO collected the scientific data. All authors read and approved the final manuscript.
Acknowledgements: Acknowledgments belong to our family. Henri and Hera are our motivation in the field of scientific research.






References

1. Eid HA, Assiri HA, Kandyala R, Togoo RA, Turakhia VS. Gingival enlargement in different age groups during fixed Orthodontic treatment. <I>Journal of International Oral Health</I>. 2014 Feb;6(1):1-4. Epub 2014 Feb 26. https://pmc.ncbi.nlm.nih.gov/articles/PMC3959129/


                            2. 
                            
                              Zanatta FB, Ardenghi TM, Antoniazzi RP, Pinto TM, Rösing CK. 
Association between gingivitis and anterior gingival enlargement in subjects undergoing fixed orthodontic treatment. 
Dental Press Journal of Orthodontics. 
2014;
19
(3). 
Available from: https://doi.org/10.1590/2176-9451.19.3.059-066.oar



                            3. 
                            
                              Almansob YA, Alhammadi MS, Luo XJ, Alhajj MN, Zhou L, Almansoub HA, <I>et al</I>. 
Comprehensive evaluation of factors that induce gingival enlargement during orthodontic treatment: A cross-sectional comparative study. 
Nigerian Journal of Clinical Practice. 
2021;
24
(11). 
Available from: https://doi.org/10.4103/njcp.njcp_69_21



                            4. 
                            
                              Vincent-Bugnas S, Borsa L, Gruss A, Lupi L. 
Prioritization of predisposing factors of gingival hyperplasia during orthodontic treatment: the role of amount of biofilm. 
BMC Oral Health. 
2021;
21
(1). 
Available from: https://doi.org/10.1186/s12903-021-01433-2



                            5. 
                            
                              Hosadurga R, Nabeel Althaf MS, Hegde S, Rajesh KS, Arun Kumar MS. 
Influence of sex hormone levels on gingival enlargement in adolescent patients undergoing fixed orthodontic therapy: A pilot study. 
Contemporary Clinical Dentistry. 
2016;
7
(4). 
Available from: https://doi.org/10.4103/0976-237x.194099



                            6. 
                            
                              Baeshen HA, Alsulaimani FF, Awadh W, Ageeli MA, Abullais SS, Alqahtani NA, <I>et al</I>. 
Comparative assessment of the cell-surface antigens and gene expression profiles of the gingival tissue biomarkers in subjects with fixed functional and removable functional orthodontic appliances. 
Saudi Journal of Biological Sciences. 
2022;
29
(3). 
Available from: https://doi.org/10.1016/j.sjbs.2021.10.047



                            7. 
                            
                              Pretti H, Barbosa GL, Lages EM, Gala-García A, Magalhães CS, Moreira AN. 
Effect of chlorhexidine varnish on gingival growth in orthodontic patients: a randomized prospective split-mouth study. 
Dental Press Journal of Orthodontics. 
2015;
20
(5). 
Available from: https://doi.org/10.1590/2177-6709.20.5.066-071.oar



                            8. 
                            
                              To TN, Rabie AB, Wong RW, McGrath CP. 
The adjunct effectiveness of diode laser gingivectomy in maintaining periodontal health during orthodontic treatment. 
The Angle Orthodontist. 
2013;
83
(1). 
Available from: https://doi.org/10.2319/012612-66.1


9. Drăghici EC, CrăiŢoiu Ş, Mercut V, Scrieciu M, Popescu SM, Diaconu OA, <I>et al</I>. Local cause of gingival overgrowth. Clinical and histological study. <I>Romanian Journal of Morphology and Embryology</I>. 2016;57(2):427-35. https://pubmed.ncbi.nlm.nih.gov/27516015/


                            10. 
                            
                              Li N, Wang W, Sun Y, Wang H, Wang T. 
Seven-year follow-up of a patient with hereditary gingival fibromatosis treated with a multidisciplinary approach: case report. 
BMC Oral Health. 
2021;
21
(1). 
Available from: https://doi.org/10.1186/s12903-021-01830-7



                            11. 
                            
                              Rauten AM, Silosi I, Stratul SI, Foia L, Camen A, Toma V, <I>et al</I>. 
Expression of Pentraxin 3 and Thrombospondin 1 in Gingival Crevicular Fluid during Wound Healing after Gingivectomy in Postorthodontic Patients. 
Journal of Immunology Research. 
2016;
2016
Available from: https://doi.org/10.1155/2016/4072543



                            12. 
                            
                              Monea M, Moldovan C. 
Rare Root Morphology of a Maxillary Central Incisor Associated With Gingival Hyperplasia. 
Medicine. 
2016;
95
(18). 
Available from: https://doi.org/10.1097/md.0000000000003617



                            13. 
                            
                              Zanatta FB, Ardenghi TM, Antoniazzi RP, Pinto TM, Rösing CK. 
Association between gingivitis and anterior gingival enlargement in subjects undergoing fixed orthodontic treatment. 
Dental Press Journal of Orthodontics. 
2014;
19
(3). 
Available from: https://doi.org/10.1590/2176-9451.19.3.059-066.oar



                            14. 
                            
                              Gong Y, Lu J, Ding X. 
Clinical, microbiologic, and immunologic factors of orthodontic treatment-induced gingival enlargement. 
American Journal of Orthodontics and Dentofacial Orthopedics. 
2011;
140
(1). 
Available from: https://doi.org/10.1016/j.ajodo.2010.02.033



                            15. 
                            
                              Giannopoulou C, Mombelli A, Tsinidou K, Vasdekis V, Kamma J. 
Detection of gingival crevicular fluid cytokines in children and adolescents with and without fixed orthodontic appliances. 
Acta Odontologica Scandinavica. 
2008;
66
(3). 
Available from: https://doi.org/10.1080/00016350802123126



                            16. 
                            
                              Paschos E, Limbach M, Teichmann M, Huth KC, Folwaczny M, Hickel R, <I>et al</I>. 
Orthodontic Attachments and Chlorhexidine-Containing Varnish Effects on Gingival Health. 
The Angle Orthodontist. 
2008;
78
(5). 
Available from: https://doi.org/10.2319/090707-422.1



                            17. 
                            
                              Zanatta FB, Ardenghi TM, Antoniazzi RP, Pinto TM, Rösing CK. 
Association between gingival bleeding and gingival enlargement and oral health-related quality of life (OHRQoL) of subjects under fixed orthodontic treatment: a cross-sectional study. 
BMC Oral Health. 
2012;
12
(1). 
Available from: https://doi.org/10.1186/1472-6831-12-53


18. Kouraki E, Bissada NF, Palomo JM, Ficara AJ. Gingival enlargement and resolution during and after orthodontic treatment. <I>New York State Dental Journal</I>.2005 Jun-Jul;71(4):34-7. https://pubmed.ncbi.nlm.nih.gov/16146305/


                            19. 
                            
                              Farhadian N, Bidgoli M, Jafari F, Mahmoudzadeh M, Yaghobi M, Miresmaeili A. 
Comparison of Electric Toothbrush, Persica and Chlorhexidine Mouthwashes on Reduction of Gingival Enlargement in Orthodontic Patients: A Randomised Clinical Trial. 
Oral Health and Preventive Dentistry. 
2015;
13
(4). 
Available from: https://doi.org/10.3290/j.ohpd.a33443



                            20. 
                            
                              Vincent-Bugnas S, Borsa L, Gruss A, Lupi L. 
Prioritization of predisposing factors of gingival hyperplasia during orthodontic treatment: the role of amount of biofilm. 
BMC Oral Health. 
2021;
21
(1). 
Available from: https://doi.org/10.1186/s12903-021-01433-2



                            21. 
                            
                              Herrera D, Escudero N, Pérez L, Otheo M, Cañete-Sánchez E, Pérez T, <I>et al</I>. 
Clinical and microbiological effects of the use of a cetylpyridinium chloride dentifrice and mouth rinse in orthodontic patients: a 3-month randomized clinical trial. 
European Journal of Orthodontics. 
2018;
40
(5). 
Available from: https://doi.org/10.1093/ejo/cjx096



                            22. 
                            
                              Miranda J, Brunet L, Roset P, Farré M, Mendieta C. 
Reliability of two measurement indices for gingival enlargement. 
Journal of Periodontal Research. 
2012;
47
(6). 
Available from: https://doi.org/10.1111/j.1600-0765.2012.01495.x



                            23. 
                            
                              Pazzini CA, Júnior GO, Marques LS, Pereira CV, Pereira LJ. 
Prevalence of Nickel Allergy and Longitudinal Evaluation of Periodontal Abnormalities in Orthodontic Allergic Patients. 
The Angle Orthodontist. 
2009;
79
(5). 
Available from: https://doi.org/10.2319/081408-430.1



                            24. 
                            
                              Hosadurga R, Nabeel Althaf MS, Hegde S, Rajesh KS, Arun Kumar MS. 
Influence of sex hormone levels on gingival enlargement in adolescent patients undergoing fixed orthodontic therapy: A pilot study. 
Contemporary Clinical Dentistry. 
2016;
7
(4). 
Available from: https://doi.org/10.4103/0976-237x.194099



                            25. 
                            
                              Sheehy EC, Roberts GJ, Beighton D, O'Brien G. 
Oral health in children undergoing liver transplantation. 
International Journal of Paediatric Dentistry. 
2000;
10
(2). 
Available from: https://doi.org/10.1046/j.1365-263x.2000.00179.x



                            26. 
                            
                              Renkema AA, Dusseldorp JK, Middel B, Ren Y. 
Zwelling van de gingiva bij orthodontische behandeling met volledig vaste apparatuur. 
Nederlands Tijdschrift voor Tandheelkunde. 
2010;
117
(10). 
Available from: https://doi.org/10.5177/ntvt.2010.10.10103


27. Guare Rde O, Ciampioni AL. Prevalence of periodontal disease in the primary dentition of children with cerebral palsy. <I>Journal of dentistry for children</I> (Chic). 2004 Jan-Apr;71(1):27-32. https://pubmed.ncbi.nlm.nih.gov/15272652/


                            28. 
                            
                              Corbacho de Melo MM, Cardoso MG, Faber J, Sobral A. 
Risk factors for periodontal changes in adult patients with banded second molars during orthodontic treatment. 
The Angle Orthodontist. 
2012;
82
(2). 
Available from: https://doi.org/10.2319/030911-172.1



                            29. 
                            
                              van Gastel J, Quirynen M, Teughels W, Coucke W, Carels C. 
Influence of bracket design on microbial and periodontal parameters in vivo. 
Journal of Clinical Periodontology. 
2007;
34
(5). 
Available from: https://doi.org/10.1111/j.1600-051x.2007.01070.x



                            30. 
                            
                              Kloehn JS, Pfeifer JS. 
The effect of orthodontic treatment on the periodontium. 
Angle Orthodontist. 
1974;
44
(2). 
Available from: https://doi.org/10.1043/0003-3219(1974)044%3C0127:teooto%3E2.0.co;2















