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Abstract

:

The present study aimed to evaluate the effectiveness of customized handle toothbrush in dental plaque removal in children with Down syndrome in comparison to children with no special needs. A randomized clinical trial was performed on 48 children aged 6–9 years old. Participants were divided into two groups (n = 24, children with no special needs or with Down syndrome). Each group was divided into two subgroups (customized and conventional toothbrush). Plaque accumulation was evaluated using Turesky modification of the Quigley–Hein plaque index (TMQHPI) at four times (pre-brushing (T0), post-brushing at baseline (T1), 1 week (T2) and 3 weeks (T3)), and the modified gingival index (MGI) was used to evaluate the gingivitis at three times (T0, T2 and T3). Data were statistically analyzed. Plaque accumulation and gingivitis decreased significantly for all groups between T0 and T3 (p < 0.05). Both customized groups demonstrated significant lower plaque accumulation compared to conventional groups (p < 0.05) at T1, T2 and T3 and significant lower gingivitis at T3. Customizing the toothbrush handle improved child’s ability for plaque control, especially in children with Down syndrome.
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1. Introduction


Healthy oral environment is considered a major factor in the prevention of oral diseases and it is an important aspect for the quality of life [1]. Good oral hygiene is essential for preventing dental caries and periodontal diseases; it has been evident that effective daily removal of plaque biofilms plays a major role in maintaining oral health condition [2]. Since plaque is the primary etiological factor in gingivitis and periodontal diseases, effective plaque control can essentially prevent such diseases [3,4]. Although there are several methods for controlling dental plaque, mechanical plaque removal by using a manual toothbrush remains the most effective and reliable method to achieve good oral health [5,6]. In addition, the use of interdental cleaning aids such as dental floss requires repetitive and time-consuming [7], and chemical methods help to improve plaque removal but it is not sufficient without tooth brushing [8]. Manual tooth brushing can be highly effective in plaque removal if performed in a correct manner, based on an adequate technique and time of use [5,6].



Tooth brushing can be difficult in children since it requires manual dexterity, which is not fully developed until they are at least 8 years old [9,10]. The ability of children to perform a more effective tooth brushing increases with age, although parents must be responsible for monitoring their children’s tooth brushing activity until they are 10 years old [11]. Accordingly, it is desirable to use toothbrushes with small head, which corresponds to the size of the children’s mouth, with soft rounded bristles and with short handle and large diameter to fit the child’s hand [12,13]. It is highly recommended to have a design and length that properly fit the child’s hand to improve the quality of tooth brushing [14].



Down syndrome (DS) is one of the most leading causes of disability; millions of these patients face various health issues. The incidence of DS ranges from 1 in 319 to 1000 people worldwide [15]. DS phenotype is caused by a complete or partial trisomy (TS21) of human chromosome 21 (HSA21) acquired essentially by meiotic non-disjunction events during gametogenesis [16]. Individuals with DS have specific orofacial characteristics associated with such a syndrome, for instance periodontal disease, malocclusion, mouth breathing, macroglossia, delayed teeth eruption, missing and malformed teeth, and microdontia [17,18,19]. Manual dexterity difficulties may lead to poor oral hygiene, which in turn compromises the effectiveness of their tooth brushing practices, and may result in accumulation of plaque and debris, hence favoring development of periodontal diseases [19,20]. These difficulties are due to debilitating musculoskeletal problems [21]. However, manual dexterity in DS can be improved with training and support [22]. There are different ways to improve tooth brushing in children with DS such as electric toothbrushes or modified handle toothbrushes [23].



Various toothbrush adaptations were described to adjust toothbrush handles, some of these modifications on manual toothbrush handles were: enlarged handles, handles with an elastic cuff, bicycle handlebar grips, tennis ball handles, handles with attached strap and customized handles [23,24]. These modifications were studied in patients with poor fine motor skills, restricted hand and finger movements [25] and the elderly [26].



Nevertheless, in the literature, there is very little information on plaque control using customized handle toothbrushes among children with Down syndrome.



Thus, the aim of this study was to evaluate the effectiveness of customized handle toothbrush in dental plaque control in children with DS and children with no special needs. The null hypothesis tested was that the customized handle toothbrush would have no effect on accumulation of plaque among children with Down syndrome and/or children with no special needs.




2. Materials and Methods


2.1. Study Design


This study is a parallel-arm, double-blind, randomized clinical trial studying the effectiveness of customized handle toothbrush in dental plaque control in children with no special needs and children with Down syndrome.



The study was conducted in a governmental charity and special needs charity (Damascus, Syria) between April 2021 and May 2021. The study adhered to the ethical values of the Declaration of Helsinki and was approved by the Ethic Committee at the Ministry of Higher Education in Syria (1674/SM). All participants’ parents were informed of the study’s procedure and objectives and were included only after providing informed written consent. To ensure the quality and transparency of this randomized clinical trial, the authors followed the CONSORT statement [27,28]. This RCT is registered in the Clinical Trials database (NTC04845633).




2.2. Sample Size Calculation


Sample size was calculated using G*Power 3.1.9.2 software (Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany). Four subgroups of 12 participants each were finally formed in order to have 95% power and an alpha error probability of 0.05.




2.3. Randomization and Blinding


Randomization was accomplished using an online software at www.randomizer.org (accessed on 11 April 2021) in order to allocate children with no special needs and children with down syndromes into two groups (conventional toothbrush and/or customized handle toothbrush). Block randomization method was performed to get equal and balanced groups. First of all, participants were assigned either into healthy or Down syndrome participants. Then, they were given numbers and allocated into equal groups with www.randomizer.org.



This study was a double-blind study. Blinding was achieved according to the following methods: assessment was performed by two professional investigators for whom assessment methodology was explained and they were blinded on outcomes by not knowing the type of toothbrush used for the participant. Data analyzer blinding was achieved by encoding the results of each toothbrush with a special code so that the type of toothbrush could not be identified




2.4. Participants


Children with no special needs participants were recruited from children residing in a governmental charity in Damascus, Syria, and children with Down syndrome were recruited from special needs charity in Damascus, Syria.



All participants were recruited fulfilling the inclusion criteria: aged 6–9 years old, the presence of at least 10 teeth free from dental caries on both buccal and lingual surfaces of the teeth, Turesky modification of the Quigley–Hein plaque index (TMQHPI) is at least 2, cooperative participant (Positive according to Frankel’s behavioral rating scale), and participant with Down syndrome must have been diagnosed by a specialist medical operator and after obtaining parents’ consent. The exclusion criteria were: children undergoing orthodontic treatment, allergic to any of the toothpaste ingredients used in the study, children with no special needs participant with systemic diseases, and children with Down syndrome who suffer from chronic weakness such as epilepsy or taking medications continuously.



The participating children of each group were divided randomly into two subgroups (n = 12) as following:



Group 1 (children with no special needs):



Subgroup A (SubA): Children with no special needs who used a conventional toothbrush.



Subgroup B (SubB): Children with no special needs who used a customized handle toothbrush.



Group 2 (children with Down syndrome):



Subgroup C (SubC): Children with Down syndrome who used a conventional toothbrush.



Subgroup D (SubD): Children with Down syndrome who used a customized handle toothbrush.




2.5. Intervention and Customized Handle Toothbrush Fabrication


The modified Stillman tooth brushing technique [29] was shown to the parents and children using models and their compliance to the instructions were checked by asking them to demonstrate the same. All participants were provided with Vitis® Junior toothbrush (nylon, rounded tip and soft bristles) (Vitis®, Barcelona, Spain). All the participants were instructed to brush twice daily (morning and night) for 3 min and to use Vitis® Junior gel toothpaste (Vitis, Spain) during the study period. A pea-sized amount of toothpaste was instructed to be used by the participants and finally rinse with water after tooth brushing. Monitoring of tooth brushing among the children was performed by parents for the entire period of the study. Participants also consented to refrain from brushing their teeth and performing any other oral hygiene procedures for 24 h prior to the start of the study.



Customized handle toothbrush for the children in SubB and SubD were fabricated using Polylactic acid material (Zhejiang Flashforge 3D Technology Co., Ltd.; Zhejiang, China). A three-dimensional printer (Dedibot DF3 3D Printer; Hangzhou DediBot Intelligent Technology Co., Ltd., Hangzhou, China) was used to fabricate the customized handle toothbrush, after taking a mold of a child’s grip with rubbery material (Poly Siloxane putty Zhermack, Badia Polesine, Italy) (Figure 1) [30].




2.6. Evaluation and Follow Up


Plaque accumulation was measured using the TMQHPI index [31,32] by applying disclosing solution (“Mira-2-Ton”, Hager Werken, Duisburg, Germany). Through this method, the disclosed plaque of all primary and permanent teeth (except surfaces with restorations and malformations) was scored using a 0–5 scale. Mean plaque scores were obtained for each subject at each examination by totaling the individual plaque scores and dividing that sum by the number of gradable sites examined. A grading system based on the criteria proposed by Turesky et al. [32] (Table 1) was applied to evaluate the plaque formation. Plaque accumulation was evaluated at four times (pre-brushing (T0), post-brushing at baseline (T1), 1 week (T2) and 3 weeks (T3)). Two experienced pediatric examiners analyzed dependently the plaque accumulation by using TMQHPI index. When different scores were attributed by the two examiners, they reanalyzed the micrograph with a third examiner to reach an agreement. Micrographs, showing the assessment of TMQHPI, were taken at each period and for each group using a camera (Nikon D5300, Tokyo, Japan).



In addition to TMQHPI index, gingivitis was measured by the Modified Gingival Index (MGI) [33] at three periods {pre-brushing at baseline (T0, 1 week (T2) and 3 weeks (T3)}. Gum status was evaluated using a score ranging between 0 and 4 (Table 2). Mean gingival scores were obtained for each subject at each examination by totaling the individual gingival scores and dividing that sum by the number of gradable sites examined.




2.7. Statistical Analysis


Cronbach’s alpha test was applied to verify the reliability between the two observers using SPSS 23 package. Statistical Analysis was performed using the SPSS program version (SPSS Inc., Chicago, IL, USA). The Kolmogorov–Smirnov test used to determine the data distribution for (T0) values revealed an abnormal distribution of the data; therefore, nonparametric tests were used for the statistical analysis of this outcome. Thus, the Kruskal–Wallis test was used including a multiple comparison procedure (Mann–Whitney U and Wilcoxon tests). A significance level at α = 0.05 was adopted.





3. Results


Participant flow through the study is illustrated in the Consort flow diagram shown in Figure 2.



Forty-eight participants were enrolled in this study, 26 females and 22 males. Means and standard deviations of TMQHPI scores are described in Table 3. The Cronbach’s alpha value for interobserver agreement of all subgroups was 0.993, which figures an excellent reliability between the observers.



Both subgroups of children with no special needs showed lower plaque accumulation scores than DS subgroups at T0 (p < 0.05).



At T1, no significant difference (p > 0.05) was observed regarding the amount of plaque accumulation between the SubB and SubD groups. Meanwhile, there were a significant difference between SubA and SubC. There was a significant difference between both subgroups of children with no special needs (p < 0.05). Concerning the subgroups of DS children, SubD had lower plaque accumulation scores than SubC.



At T2 and T3, There was a significant difference between the subgroups in each main group (p < 0.05); between SubA and SubC (p < 0.05); and SubB with SubD (p < 0.05).



Each subgroup showed an improvement in plaque accumulation scores in time (T0 to T3) (p < 0.05) (Table 2 and Figure 3), except for the two last stages (T2 and T3) of SubA, which presented no significant difference (p > 0.05).



Means and standard deviations of gum status for the (MGI) are represented in Table 4. Mann–Whitney U test exposed a significant difference at the baseline between the SubA and SubC groups and between the SubB and SubD groups. Moreover, a significant difference was found at T2 between the SubA and SubC groups and between the SubB and SubD groups. When it came to T3, a significant difference was observed between all each paired groups. Finally, a Wilcoxon test revealed a significant difference for each group at all studied periods, where a considerable improvement of MGI was observed through the study.




4. Discussion


The target for maintaining a good oral health would be accomplished only if there was adequate plaque control. Many modifications of handle design were found, such as straight, angled, curved, and contoured with grips and with soft rubber areas to make handles easier to hold, use and control [34,35]. Tooth brushing manual skills were not fully developed in children younger than 8–10 years of age [9,10]. According to Pujar et al. [10], plaque removal efficacy improved with age (57% in 6-year-olds and 82% in 12-year-old children). Hence, toothbrush handle modifications provided assistance for toothbrush in children.



This study aimed to evaluate the effectiveness of customized handle toothbrush in dental plaque control among children with no special needs and children with DS. Plaque control evaluation was performed by applying disclosing solution to all teeth surfaces. This method permits identifying of plaque accumulation and the use of TMQHPI evaluation on buccal and lingual surfaces of all teeth. This plaque index was well suited for registering plaque in children’s teeth [36,37]. This study showed that in children aged 6–9 years old, better plaque control was noticed in the customized handle toothbrush group compared to the conventional one. Therefore, based on the results of this study, the null hypothesis, that the customized handle toothbrush would have no effect on accumulation of plaque, was rejected.



At T0, TMQHPI showed higher plaque amount in children with DS group than for the healthy children group. After monitoring subgroup A and subgroup C in time (T1, T2, T3), it was found that plaque control is better in healthy children at all time periods of evaluation. These findings could be due to better neuromuscular coordination in children with no special needs. Moreover, TMQHPI scores in T2 and T3 for subgroups B and D showed a significant difference, whereas the healthy group was better in plaque control. At T1, no significant difference was found between customized handles subgroups, which may be due to being given brushing instructions only recently.



The MGI index in children with no special needs was significantly lower than that for children with Down syndrome at all periods, regardless of the type of toothbrush used. The study of Morinushi et al. [38] that compered gingivitis in children with Down syndrome with a healthy control group of children found that gingivitis in children with Down syndrome is higher than in healthy children. At T3, significant difference was found between customizing handles subgroup and conventional handle subgroup in children with no special needs and children with Down syndrome. In addition, this study found that all subgroups had a significant decrease in gingivitis at each time.



People with disabilities often need extra help to achieve and maintain good oral health. Although caregiver role in maintaining good oral hygiene can be extremely helpful, it is emphasized if patients can maintain and optimize their own oral heath by self-brushing and cleaning, which can help developing dependency and self-esteem [23].



Using a manual toothbrush with added grip on it can allow patients to have good joints and muscle stimulation. Patients can use electric toothbrushes [39]; however, it does not help in developing manual dexterity [39]. In addition, the electric toothbrush is more expensive than manual ones and the manual ones are handier. In the present study, the customized handle fits the size of the participant’s grip, while the electric toothbrush has a unified grip for everyone, in this case the participant might feel more ownership towards their stuff and take more care of their health.



In the current study, customized handles were designed to be compatible with a handgrip for participants with DS. The use of customized handle toothbrushes showed significant improvement in daily plaque control in children with DS comparing with to conventional toothbrushes. Many researches have studied the manual dexterity of persons with Down syndrome and found that such persons suffered from difficulties in hand movement and control [40]. Despite such difficulties, it is possible to improve manual dexterity skills by constant training and by external support tools [41]. It has been found that training children on hands movement enhances children’s hands movement control [22].



A customized handle helps to facilitate brushing teeth since participants find it easy to hold (Figure 4). This is especially advantageous for those with compromised grasp, such as the elderly, children and patients with developmental disabilities [23,26]. According to the results of this study, it was observed that both techniques helped in improving the child’s plaque control. Furthermore, the customized group maintained a persistent progression in all stages of the study, whereas the conventional one reached its peak after a week of assessment.



Multiple materials have been used to fabricate customized handles such as acrylic resins [26], light-cured composite material [25], silicone putty [42], clay materials [39] and by using 3D printing technology [30]. Although acrylic resins are low cost, its processing time is long. and the laboratory procedures are complicated. Light-polymerized composite material is simple and its required time is short, but the obstacle is the high cost of the composite and the light polymerizing box [26]. The disadvantages of using silicone putty or clay materials are that they have to be replaced with every toothbrush, and their ability to rupture. In this study, a 3D printer was used to produce customized toothbrush handles made from PLA material. This technique is particularly user-friendly to get a rapid, flexible choice to manufacture a toothbrush handle and the possibility of making adjustments. In addition to that, it uses PLA durable material, to serve the participant for a long time, which can be reused with a new toothbrush when it needs to be replaced [30,43].



Although several studies have shown significant improvements in participants’ ability to control dental plaque by using customized handle, it is difficult to compare the current study with previous studies that evaluated the effectiveness of customized handle toothbrush in improving dental plaque control due to different sample groups involved in previous studies. Kammers et al. [26], who compared the adapted toothbrush handle with the conventional type in children with no special needs, found that adapted toothbrush handles were more efficient in reducing the level of biofilm on dentures in the elderly. Another study revealed the effectiveness of customized handle by monitoring the difference in oral health evaluation before and after using a toothbrush with customized handle in patients with stroke ischemic [44].



The limitations of this study were that children with special needs such as DS are not as available as children with no special needs; in addition to that, the age range group made it more difficult to find participants. Another limitation was the difficulty to apply blinding concerning the used toothbrush type on the participants involved in this RCT. Furthermore, it was the responsibility of the parents to adhere to the required instructions.




5. Conclusions


Customizing the toothbrush handle can maintain and optimize the oral health of children with no special needs and children with Down syndrome by self-brushing and cleaning, which can help develop dependency and self-esteem. Based on the results of the TMQHPI values obtained in this study, it is possible to affirm that the use of a customized handle toothbrush may be more effective in oral plaque control comparing with a conventional toothbrush in both children with no special needs as well as in children with Down syndrome.







Author Contributions


Conceptualization, L.D. and M.L.; methodology, L.D.; software, S.A.; validation, S.S., N.K., D.M. and Y.H.; formal analysis, S.A.; investigation, L.D.; resources, L.D.; data curation, S.A. and L.D.; writing—original draft preparation, L.D., S.A. and N.K.; writing—review and editing, L.D., N.K., S.S., Y.H. and D.M. visualization, S.A.; supervision, M.L.; project administration, M.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethic Committee at the Ministry of Higher Education in Syria (1674/SM).




Informed Consent Statement


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




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Petersen, P.E.; Baez, R.J.; Ogawa, H. Global application of oral disease prevention and health promotion as measured 10 years after the 2007 World Health Assembly statement on oral health. Community Dent. Oral Epidemiol. 2020, 48, 338–348. [Google Scholar] [CrossRef] [PubMed]

	



Takenaka, S.; Ohsumi, T.; Noiri, Y. Evidence-based strategy for dental biofilms: Current evidence of mouthwashes on dental biofilm and gingivitis. Jpn. Dent. Sci. Rev. 2019, 55, 33–40. [Google Scholar] [CrossRef]

	



Cekici, A.; Kantarci, A.; Hasturk, H.; Van Dyke, T.E. Inflammatory and immune pathways in the pathogenesis of periodontal disease. Periodontology 2000 2014, 64, 57–80. [Google Scholar] [CrossRef]

	



Mehrotra, N.; Singh, S. Periodontitis. In StatPearls, StatPearls Publishing Copyright©; StatPearls Publishing LLC: Treasure Island, FL, USA, 2021. [Google Scholar]

	



Sälzer, S.; Graetz, C.; Dörfer, C.E.; Slot, D.E.; Van Der Weijden, F.A. Contemporary practices for mechanical oral hygiene to prevent periodontal disease. Periodontology 2000 2020, 84, 35–44. [Google Scholar] [CrossRef]

	



Hayasaki, H.; Saitoh, I.; Nakakura-Ohshima, K.; Hanasaki, M.; Nogami, Y.; Nakajima, T.; Inada, E.; Iwasaki, T.; Iwase, Y.; Sawami, T.; et al. Tooth brushing for oral prophylaxis. Jpn. Dent. Sci. Rev. 2014, 50, 69–77. [Google Scholar] [CrossRef]

	



Ng, E.; Lim, L.P. An Overview of Different Interdental Cleaning Aids and Their Effectiveness. Dent. J. 2019, 7, 56. [Google Scholar] [CrossRef]

	



Vyas, T.; Bhatt, G.; Gaur, A.; Sharma, C.; Sharma, A.; Nagi, R. Chemical plaque control—A brief review. J. Fam. Med. Prim. Care 2021, 10, 1562–1568. [Google Scholar] [CrossRef] [PubMed]

	



Patil, S.P.; Patil, P.B.; Kashetty, M.V. Effectiveness of different tooth brushing techniques on the removal of dental plaque in 6-8 year old children of Gulbarga. J. Int. Soc. Prev. Community Dent. 2014, 4, 113–116. [Google Scholar] [CrossRef]

	



Pujar, P.; Subbareddy, V.V. Evaluation of the tooth brushing skills in children aged 6–12 years. Eur. Arch. Paediatr. Dent. 2013, 14, 213–219. [Google Scholar] [CrossRef] [PubMed]

	



Sandström, A.; Cressey, J.; Stecksén-Blicks, C. Tooth-brushing behaviour in 6–12 year olds. Int. J. Paediatr. Dent. 2010, 21, 43–49. [Google Scholar] [CrossRef]

	



American Academy of Pediatric Dentistry. Fast Facts. 2013. Available online: www.aapd.Org/assets/1/7/fastfacts.pdf (accessed on 11 August 2014).

	



Wilkins, E.M. Clinical Practice of the Dental Hygienist, 11th ed.; Lippincott and Williams: Philadelphia, PA, USA, 2013. [Google Scholar]

	



Baruah, K.; Thumpala, V.; Khetani, P.; Baruah, Q.; Tiwari, R.; Dixit, H. A Review on Toothbrushes and Tooth Brushing Methods. Int. J. Pharm. Sci. Invent. 2017, 6, 29–38. [Google Scholar]

	



Asim, A.; Kumar, A.; Muthuswamy, S.; Jain, S.; Agarwal, S. Down syndrome: An insight of the disease. J. Biomed. Sci. 2015, 22, 41. [Google Scholar] [CrossRef]

	



Forés-Martos, J.; Cervera-Vidal, R.; Chirivella, E.; Ramos-Jarero, A.; Climent, J.; Martos, J.F. A genomic approach to study down syndrome and cancer inverse comorbidity: Untangling the chromosome 21. Front. Physiol. 2015, 6, 10. [Google Scholar] [CrossRef]

	



Hennequin, M.; Allison, P.J.; Veyrune, J.L. Prevalence of oral health problems in a group of individuals with Down syndrome in France. Dev. Med. Child. Neurol. 2000, 42, 691–698. [Google Scholar] [CrossRef] [PubMed]

	



Allareddy, V.; Ching, N.; Macklin, E.A.; Voelz, L.; Weintraub, G.; Davidson, E.; Prock, L.A.; Rosen, D.; Brunn, R.; Skotko, B.G. Craniofacial features as assessed by lateral cephalometric measurements in children with Down syndrome. Prog. Orthod. 2016, 17, 35. [Google Scholar] [CrossRef] [PubMed]

	



Deps, T.D.; Angelo, G.L.; Martins, C.; Paiva, S.M.; Pordeus, I.; Borges-Oliveira, A.C. Association between Dental Caries and Down Syndrome: A Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, e0127484. [Google Scholar] [CrossRef]

	



Oredugba, F. Oral health condition and treatment needs of a group of Nigerian individuals with Down syndrome. Down Syndr. Res. Pract. 2007, 12, 72–76. [Google Scholar] [CrossRef] [PubMed]

	



Foley, C.; Killeen, O.G. Musculoskeletal anomalies in children with Down syndrome: An observational study. Arch. Dis. Child. 2018, 104, 482–487. [Google Scholar] [CrossRef]

	



Elserty, N.; Wagdy, E. Influence of shoulder stabilization exercises on hand grip strength in children with Down syndrome: Randomized clinical trial. Bull. Fac. Phys. Ther. 2020, 25, 1–9. [Google Scholar] [CrossRef]

	



Dougall, A.M.; Fiske, J. Access to special care dentistry, part 4. Education. Br. Dent. J. 2008, 205, 119–130. [Google Scholar] [CrossRef]

	



Weddell, J.A.; Sanders, B.J.; Jones, J.E. Dental Problems of Children with Special Health Care Needs. In McDonald and Avery Dentistry for the Child and Adolescent, 10th ed.; Elsevier: Amsterdam, The Netherlands, 2011; pp. 460–486. [Google Scholar]

	



Reeson, M.G.; Jepson, N.J. Customizing the size of toothbrush handles for patients with restricted hand and finger movement. J. Prosthet. Dent. 2002, 87, 700. [Google Scholar] [CrossRef]

	



Kammers, A.C.; Zanetti, A.L.; Lacerda, T.E.; Aroca, J.P.; Camilotti, V.; Mendonça, M.J. Toothbrush Handles Individually Adapted for Use by Elderly Patients to Reduce Biofilm on Complete Dentures: A Pilot Study. J. Clin. Diagn. Res. JCDR 2015, 9, ZC94–ZC97. [Google Scholar] [PubMed]

	



Schulz, K.F.; Altman, D.G.; Moher, D. CONSORT 2010 Statement: Updated guidelines for reporting parallel group randomized trials. BMJ 2010, 340, c332. [Google Scholar] [CrossRef]

	



Shamseer, L.; Hopewell, S.; Altman, U.G.; Moher, D.; Schulz, K.F. Update on the endorsement of CONSORT by high impact factor journals: A survey of journal “Instructions to Authors” in 2014. Trials 2016, 17, 301. [Google Scholar] [CrossRef] [PubMed]

	



Stillman, P.R. A philosophy of treatment of periodontal disease. Dental. Digest. 1932, 38, 315–322. [Google Scholar]

	



Droubi, L.; Laflouf, M.; Singh, P. Customized Handle for Toothbrush by Using 3D Printer. Int. J. Dent. Sci. Innov. Res. (IJDSIR) 2021, 4, 473–477. [Google Scholar]

	



Quigley, G.A.; Hein, J.W. Comparative cleansing efficiency of manual and power brushing. J. Am. Dent. Assoc. 1962, 65, 26–29. [Google Scholar] [CrossRef]

	



Turesky, S.; Gilmore, N.D.; Glickman, I. Reduced plaque formation by the chloromethyl analogue of victamine C. J. Periodontol. 1970, 41, 41–43. [Google Scholar] [CrossRef]

	



Lobene, R.R.; Weatherford, T.; Ross, N.M.; Lamm, R.A.; Menaker, L. A modified gingival index for use in clinical trials. Clin. Prev. Dent. 1986, 8, 3–6. [Google Scholar]

	



Mehta, S.; Vyaasini, C.S.; Jindal, L.; Sharma, V.; Jasuja, T. Toothbrush, its design and modifications: An Overview. J. Curr. Med Res. Opin. 2020, 3, 570. [Google Scholar] [CrossRef]

	



Hovliaras, C.; Gatzemeyer, J.; Jimenez, E.; Panagakos, F.S. Ergonomics and toothbrushes. J. Clin. Dent. 2015, 26, 28–32. [Google Scholar] [PubMed]

	



Davidovich, E.; Ccahuana-Vasquez, R.A.; Timm, H.; Grender, J.; Cunningham, P.; Zini, A. Randomised clinical study of plaque removal efficacy of a power toothbrush in a paediatric population. Int. J. Paediatr. Dent. 2017, 27, 558–567. [Google Scholar] [CrossRef]

	



Kayalvizhi, G.; Ramesh, V.; Arumugam, S.B.; Radha, S.; Mohandoss, S. Comparative Evaluation of Plaque Removal Effectiveness of Manual and Chewable Toothbrushes in Children: A Randomized Clinical Trial. Int. J. Clin. Pediatr. Dent. 2019, 12, 107–110. [Google Scholar] [CrossRef]

	



Morinushi, T.; Lopatin, D.E.; Nakao, R.; Kinjyo, S. A Comparison of the Gingival Health of Children with Down Syndrome to Healthy Children Residing in an Institution. Spéc. Care Dent. 2006, 26, 13–19. [Google Scholar] [CrossRef]

	



Pasiga, B. The Ability of Elderly to Clean Plaque on Full Denture Prosthesis Using Toothbrush with Special Grip Design. Int. J. Dent. Med. Sci. Res. 2018, 2, 22–27. [Google Scholar]

	



Frank, K.; Esbensen, A.J. Fine motor and self-care milestones for individuals with Down syndrome using a Retrospective Chart Review. J. Intellect. Disabil. Res. 2015, 59, 719–729. [Google Scholar] [CrossRef] [PubMed]

	



Corsi, C.; Cimolin, V.; Capodaglio, P.; Condoluci, C.; Galli, M. A biomechanical study of gait initiation in Down syndrome. BMC Neurol. 2019, 19, 66. [Google Scholar] [CrossRef]

	



Dickinson, C.; Millwood, J. Toothbrush handle adaptation using silicone impression putty. Dent. Updat. 1999, 26, 288–289. [Google Scholar] [CrossRef] [PubMed]

	



Singhvi, M.S.; Zinjarde, S.S.; Gokhale, D.V. Polylactic acid: Synthesis and biomedical applications. J. Appl. Microbiol. 2019, 127, 1612–1626. [Google Scholar] [CrossRef]

	



Pasiga, B.D.; Dewi, C. The Effectiveness of the Use of “Special Grip Toothbrushes” on Dental Hygiene for Indonesian Patients with Ischemic Stroke. Pesqui. Bras. Odontopediatria Clín. Integr. 2019, 19, 1–10. [Google Scholar] [CrossRef]








[image: Healthcare 09 01130 g001 550] 





Figure 1. Fabrication of toothbrush handle: (a) Molding of participant’s hand condensation silicone; (b,c) Three-dimensional printed customized handle for toothbrush using Poly Lactic Acid material. 
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Figure 2. CONSORT flow chart of the trial during the levels of the study and follow up. 
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Figure 3. Assessment of (TMQHPI) for conventional/customized handle toothbrush in children with no special needs and children with Down syndrome at the studied time points (pre-brushing (T0), post-brushing at baseline (T1), 1 week (T2) and 3 weeks (T3)). 
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Figure 4. (a) Conventional handle toothbrush and (b) customized handle toothbrush in children with Down syndrome. 
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Table 1. A grading system for plaque accumulation Inspired from Ref. [32] with authorization.
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	Score
	Criteria





	0
	No plaque present



	1
	Separate flecks of plaque at the cervical margin



	2
	A thin continuous back of plaque (up to 1 mm) at the cervical margin



	3
	A band of plaque wider than 1 mm but covering less than one-third of the side of the crown of the tooth



	4
	Plaque covering at least one-third but less than two-thirds of the side of crown of the tooth



	5
	Plaque covering two-thirds or more of the side of the crown of the tooth
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Table 2. The grading system of gum status for the (MGI) [33].
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	Score
	Criteria





	0
	Absence of inflammation



	1
	Mild inflammation or with slight changes in color and texture but not in all portions of gingival marginal or papillary



	2
	Mild inflammation, such as the preceding criteria, in all portions of gingival marginal or papillary



	3
	Moderate, bright surface inflammation, erythema, edema and/or hypertrophy of gingival marginal or papillary



	4
	Severe inflammation: erythema, edema and/or marginal gingival hypertrophy of the unit or spontaneous bleeding, papillary, congestion or ulceration
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Table 3. Mean and standard deviations for each score of plaque accumulation at the different periods for SubA: Children with no special needs who used a conventional toothbrush; SubB: Children with no special needs who used a customized handle toothbrush; SubC: Children with Down syndrome who used a conventional toothbrush; SubD: Children with Down syndrome who used a customized handle toothbrush. Upper letters (a–h) indicate statistically significant differences (raw) between the different subgroups (p < 0.05).
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	Time\Subgroups
	SubA
	SubB
	SubC
	SubD
	p < 0.05





	T0
	3.19 ± 0.5 a
	3.05 ± 0.18 c
	3.63 ± 0.29 b
	4.41 ± 0.25 d
	a < b & c < d



	T1
	1.7 ± 0.68 a,e
	0.96 ± 0.29 b
	2.69 ± 0.45 c,f
	0.97 ± 0.35 d
	a > b & c > d

e < f



	T2
	1.41 ± 0.39 a,e
	0.38 ± 0.43 b,g
	2.23 ± 0.54 c,f
	0.52 ± 0.21 d,h
	a > b & c > d

e < f & g < h



	T3
	1.21 ± 0.47 a,e
	0.14 ± 0.27 b,g
	1.9 ± 0.58 c,f
	0.26 ± 0.1 d,h
	a > b & c > d

e < f & g < h



	p < 0.05
	T0 > T1

T1 > T2
	T0 > T1

T1 > T2

T2 > T3
	T0 > T1

T1 > T2

T2 > T3
	T0 > T1

T1 > T2

T2 > T3
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Table 4. Mean and standard deviations for each score of gum status for the (MGI) at the different periods for SubA: Children with no special needs who used a conventional toothbrush; SubB: Children with no special needs who used a customized handle toothbrush; SubC: Children with Down syndrome who used a conventional toothbrush; SubD: Children with Down syndrome who used a customized handle toothbrush. Upper letters (a–h) indicate statistically significant differences (raw) between the different subgroups (p < 0.05).
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	Time\Subgroups
	SubA
	SubB
	SubC
	SubD
	p < 0.05





	T0
	1.4 ± 0.76 a
	1.12 ± 0.64 c
	2.95 ± 0.72 b
	2.91 ± 0.73 d
	a < b & c < d



	T2
	0.8 ± 0.43 a,e
	0.41 ± 0.46 b,g
	1.95 ± 0.62 c,f
	1.41 ± 0.55 d,h
	e < f & g < h



	T3
	0.54 ± 0.49 a,e
	0.83 ± 0.19 b,g
	1.54 ± 0.62 c,f
	0.75 ± 0.45 d,h
	a > b & c > d

e < f & g < h



	p < 0.05
	T0 > T2

T2 > T3
	T0 > T2

T2 > T3
	T0 > T2

T2 > T3
	T0 > T2

T2 > T3
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