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Abstract
[bookmark: _Hlk127518266]Clear aligners are novel near invisible orthodontic appliances that help in correction of misaligned teeth. They align teeth just as conventional braces do, but using transparent, removable appliances. Clear aligners offer a lot of advantages such as the less painful treatment, compared to that of traditional braces resulting in better patient acceptance and better quality of life contributing to the public health. In this study, we tried to study the awareness and knowledge of clear aligners among Manipal University College Malaysia (MUCM) students and its association with gender, academic course and previous history of orthodontic treatment using a questionnaire.

Methodology: A cross sectional study was conducted among 449 MUCM medical and dental students. An online questionnaire was prepared using the Google forms with 1 question on awareness and 13 questions on knowledge. The responses were collected and analysed. 

Results: 80.7% of the students are aware of clear aligners. However, the overall knowledge percentage mean was less (48.6%). There is statistically significant difference in awareness of clear aligners with gender, academic course, and previous history of orthodontic treatment.
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Introduction
Fixed metal braces have been the conventional and most effective orthodontic appliances for over centuries. They consist of stainless-steel metal brackets stuck on the front surface of the teeth and wires connected to them. In spite of being the most effective appliance with excellent properties, they have few inherent drawbacks such as poor aesthetics, dental and soft-tissue discomfort (1)(2)
Recent decades have witnessed increasing numbers of patients seeking for more aesthetic and comfortable orthodontic treatment as they were reluctant to wear a metallic smile to the workplace or a social gathering (1)(2)

Researchers have developed few solutions as an alternative to conventional braces such as composite braces, ceramic braces, lingual braces and clear aligners which are less visible and more socially acceptable (3). 

[bookmark: _heading=h.30j0zll]Clear aligners are near invisible orthodontic appliances that fit over the teeth and help in correction of mal-aligned teeth. They align teeth just as conventional braces do, but using transparent, removable appliances (4).

[bookmark: _heading=h.1fob9te]Kesling first introduced the concept of clear orthodontic appliances in 1946 (1). In the past two decades, clear aligners have caught the attention of the new age orthodontists and patients owing to increased awareness of the need for better aesthetics and quality of life.

Clear aligners are fabricated using CAD/CAM technology and treatment involves wearing a series of customized clear plastic aligners for a period of about 20 hours per day and are changed after every two weeks, they produce tooth movement in increments of about 0.25–0.3mm from beginning to the end of the treatment. The treatment usually requires an average of 20-25 aligners depending on the severity of the malocclusion (2)(5).

Clear aligners are initially used for the treatment of simple orthodontic cases such as mild crowding and spacing but now due to the technological advancements, they are being used to achieve major tooth movements and to treat complex cases (6).

[bookmark: _heading=h.3znysh7]Apart from aesthetics, they are also preferred due to the lesser number and duration of appointments which is so very apt for adult patients with busy work schedules (6). Less appointments translate into fewer visits to the dental clinic and less risk of cross infections which is a big boon to public health (7).

[bookmark: _heading=h.2et92p0]Clear aligners also offer a lot of other advantages such as the less painful treatment, compared to that of traditional braces resulting in better patient acceptance and better quality of life (8) With the absence of wires, there is less chance to cause trauma to the soft tissues. (7). In addition to that, they can also be removed for brushing, flossing and eating making it easier to maintain proper oral hygiene. (6)This offers an easier oral health care procedure that not only improves the periodontal health but also decreases plaque retention and white spot lesions (9)(10) and also removing the aligners while eating will reduce eating problems associated with the restriction of food choice and chewing process (10).

However, as the clear aligners are removable in nature, it can also be a disadvantage, as patients’ compliance in wearing the aligner religiously is key in making the treatment a success.  Since clear aligners should be worn for a minimum of 22 hours per day, a high level of discipline and commitment from the patient are required when wearing this appliance (3)(11). Furthermore, clear aligners are more costly compared to those of conventional braces making it unaffordable to a certain social group of people(3).

Advantages clearly outnumber the disadvantages of this novel orthodontic treatment modality.
The literature in this field of orthodontics is limited in Malaysia.  This current study is aimed to assess the awareness and knowledge of clear aligners among students of Manipal University College Malaysia

Methodology
The study design is a cross-sectional survey. The adapted questionnaire consists of 1 question on awareness and 13 close ended questions on knowledge which were sent to 449 medical and dental students. The data were collected through Google forms. Out of 449 students 367 responded with completed forms. Incomplete forms were excluded. 

Medical students and Dental students of Manipal University College Malaysia (Year 1-5) are included. Students who have already undergone or undergoing clear aligner treatment are excluded.

Question 1 measures the awareness level, those who answered that they have heard of the term aligners would indicate they are aware, whereas those who have answered never heard of or not sure indicates they are not aware of it.

Question 2- 10 measures the knowledge level, the correct answers were scored 1 and the wrong answer or not sure were scored 0. Then the total score was calculated.

Association of gender, academic course (medical and dental) and previous history of orthodontic treatment with awareness of clear aligners were calculated using unpaired t test and chi square test. Epiinfo were used for data entry and analysis. Data is organized into Microsoft Excel spreadsheets. Chi square test was used.

Results
Sociodemographic Profiles
[bookmark: _heading=h.tyjcwt]Out of 367 students, 138 of them are male (37.6%) and 229 females (62.4%). The participants consist of 249 medical (67.9%) and 118 dental (32.2%) students. 115 respondents have previous history of orthodontic treatment (31.3%) while 252 respondents had no previous history of orthodontic treatment (68.7%). These details are tabulated in Table 1. 

Table 1: Demographic profile of medical and dental students in MUCM (n=449)
	Variable
	n (%)

	Gender
	Male
	138 (37.6%)

	
	Female
	229 (62.4%)

	Academic course
	Medical
	249 (67.85%)

	
	Dental
	118 (32.15%)

	Previous history of orthodontic treatment
	With
	115 (31.34%)

	
	Without
	252 (68.66%)



As shown in Table 2, 296 out of 367 students are aware of clear aligners (80.7%) and 71 of them are not aware (19.4%) 

Table 2: Awareness of clear aligners among MUCM students (n=367)
	No
	Questions
	Yes n (%)
	No  n (%)

	1
	Have you heard the term “clear aligners” in teeth alignment or orthodontic treatment?
	296 (80.65%) 
	71 (19.35%)



[bookmark: _Hlk127955993]Question 7 had the highest number of correct responses. (n=246,67.0%) Question 10a which is regarding the contraindications of clear aligners for small sized teeth had the least number of correct answers. While question 3 had the highest number of students that were unsure of the answer indicates that they were doubtful whether clear aligner requires few appointments and a lesser duration of appointments (Table 3).


Table 3: Knowledge of clear aligners among MUCM students (n=367)
	No
	Questions
	Yes n (%)
	No n (%)
	Not sure n (%)

	2. 
	Do you think Clear Aligner Therapy offers better aesthetics when compared to conventional braces?
	216 (58.9%)
	21 (5.7%)
	130 (35.4%) 

	3. 
	Do you think Clear Aligner Therapy requires few appointments and a lesser duration of appointments?
	148 (40.3%)
	56 (15.3%)
	163 (44.4%)

	4.  
	Do you think Clear Aligner Therapy offers better accessibility to maintain good oral hygiene leading to healthy gums?
	198
(54.0%)
	47 (12.8%)
	122
(33.2%) 

	5.  
	Do you think Clear Aligner Therapy causes more discomfort when compared to conventional braces?
	57 (15.5%)
	176 (48.0%)
	134 (36.5%) 

	6. 
	Do you think Clear Aligner Therapy facilitates better chewing compared to conventional braces during treatment?
	104 (28.3%)
	103 (28.1%) 
	160 (43.6%)

	7. 
	Do you think patient compliance is the biggest determinant of success for clear aligner therapy?
	246 (67.0%) 
	16 (4.4%) 
	105
(28.6%) 

	8. 
	Do you think cost is the major determinant for patients not to opt for Clear Aligner Therapy?
	210 (57.2%) 
	41 (11.2%) 
	116 (31.6%) 

	9. 
	Following are the common orthodontic problems. Which among them do you think can be corrected by clear aligners?
	


	
	a) Irregularly placed teeth
	215 (58.6%) 
	70 (19.1%) 
	82 (22.3%) 

	
	b) Spacing 
	237 (64.6%)
	44 (12.0%) 
	86 (23.4%) 

	
	c) Prominent front teeth 
	139 (37.9%) 
	117 (31.9%) 
	111 (30.3%) 

	10
	Do you think clear aligner therapy is advisable in following orthodontic conditions?
	

	
	a) Small sized teeth
	146 (39.8%) 
	89 (24.3%) 
	132 (35.8%) 

	
	b) Multiple missing teeth 
	73 (19.9%)
	163 (44.4%)
	131 (35.7%) 

	
	c) Submerged or unerupted teeth 
	57 (15.5%) 
	175 (47.7%) 
	135 (36.8%) 



There is statistically significant difference in awareness of students on clear aligners with gender variable (p <0.001). The awareness level of female students was higher than male students (Table 4).
Table 4: Knowledge of clear aligners among MUCM students (n=367)

	Knowledge percentage mean
	Standard Deviation
	Minimum score of knowledge percentage (%)
	Maximum score of knowledge percentage (%)

	48.6
	22.0
	0
	100



Dental students had significantly higher awareness than medical students (p<0.001) (Table 5).

Table 5: Association of course and awareness (n=367)
	Variable
	Medical
	Dental
	p-value

	Awareness
	
	
	
<0.001*

	Yes
	187 (75.1%)
	109 (92.4%)
	

	No
	62 (24.9%)
	9 (7.6%)
	


*p<0.05 is significant 
Students with history of orthodontic treatment had significantly higher awareness compared to students without history of orthodontic treatment (p=0.004) (Table 6).

Table 6: Association of previous history of orthodontic treatment and awareness(n=367)
	Variable
	With history of orthodontic treatment
	Without history of orthodontic treatment
	p-value

	Awareness
	
	
	
0.004*

	Yes
	103 (89.6%)
	193 (76.6%)
	

	No
	12 (10.4%)
	59 (23.4%)
	


*p<0.05 is significant 

Gender of the respondents had no significant difference in knowledge of clear aligners (p=0.714) meanwhile course and history of orthodontic treatment of respondents had significant difference in knowledge of clear aligners. (p=0.002, p=0.005 respectively). Dental students and students with previous history of orthodontic treatment had higher knowledge percentage with a mean difference of 7.4 and 7 respectively (Table 7).

Table 7: Association of previous history of orthodontic treatment and awareness(n=367)
	Variable
	With history of orthodontic treatment
	Without history of orthodontic treatment
	p-value

	Awareness
	
	
	
0.004*

	Yes
	103 (89.6%)
	193 (76.6%)
	

	No
	12 (10.4%)
	59 (23.4%)
	


*p<0.05 is significant 

Discussion 
Awareness and knowledge towards clear aligners among the dental undergraduates is very important as Clear aligner therapy is considered as one of the most preferred treatment options among patients of both developed and developing nations(5). 

Our first objective is to identify awareness and knowledge of clear aligners among MUCM students. From table 2, our results show that 80.7% of our participants were aware about clear aligners. This corresponds with a study done by Kumar and Ganapathy in Chennai, which also shows that more than half (67%) of the participants were aware of the term clear aligners. However, the overall knowledge percentage mean was less than half percent (48.6%) indicating that MUCM students only has superficial knowledge on clear aligners. 

Based on the results in table 3 which displays MUCM students’ knowledge on clear aligners, 7 out of 13 questions had more students scoring 0, indicating that there is a lack of in-depth knowledge on the mechanism of clear aligners. 7 out of the 13 knowledge questions also showed that more than one third of the students were unsure of the answers to the questionnaire. This uncertainty could be because that clear aligners are still growing in popularity in Malaysia. 

We also observe that question 7 had the highest number of correct answers indicating that most of the students knew that patient’s compliance is the biggest determinant of success for clear aligners. (n=246,67.0%). Whereas the question number 10a showing the least number of correct answers (24.3%) which is regarding the contraindication of clear aligner for small sized teeth.

Our results show that both male and female students have high awareness of clear aligners, with the latter having a higher percentage (86.5%) compared to that of male students (71.0%). This result corresponds to the study done by Gnaneswara et.al which also showed that there is more awareness of clear aligners among females (91.8%) compared to male students (75%). This may be because females are more informed towards aesthetic appliances such as clear aligners compared to males. 

However, most of both male and female students did not have an indepth knowledge on clear aligners. This inference is made by observing the knowledge percentage mean of male being 49.1 while female 48.2 which shows that both genders have a knowledge percentage mean score of less than 50%. As suggested by Gnaneswara et al. this may be because, even though the participants are aware of the term clear aligners, they still have a limited knowledge of clear aligners.      

Based on Table 5, awareness of clear aligners among MUCM students is higher in dental students (92.4%) compared to medical students (71.0%). Result shows that there is statistically significant difference in awareness of clear aligners between medical and dental students (p<0.001).

As for the association between course and knowledge of clear aligners among the MUCM students, results on Table 7 show that there is significant difference in knowledge of clear aligners between medical and dental (p=0.002) where dental students has a higher knowledge percentage mean (53.7%) compared to medical students (46.2%). To our best knowledge, this result was non-comparable to other studies as there were no studies conducted to compare the relationship between medical and dental courses with the awareness and knowledge of clear aligners. The significant difference in awareness and knowledge between dental and medical students could be due to the difference in their exposure through the curriculum. 

Based on the results, there’s a significant difference in awareness of clear aligners amongst students with a history of orthodontic treatment (89.6%) and students without previous history of orthodontic treatment (76.6%). Hence, from this result we infer that students who have undergone orthodontic treatment are more aware of clear aligners. This is comparable with the study conducted by Karthikeyan et.al which showed that more than half (51%) of the orthodontic patients in their study have heard of the term clear aligners. Thus, indicating that participants who have undergone orthodontic therapy are more aware of clear aligners as a treatment modality.  This could be because the attending dentist sharing all appropriate treatment plans available to the patient.

Conclusion 
This study assessed the awareness and knowledge of clear aligners among the MUCM students. Results in the current study showed that 80.7% of the students are aware of clear aligners.  However, the knowledge percentage mean was less than half percent (48.6%) indicating that MUCM students only have basic knowledge on clear aligners. This indicates that although there is a substantial number of students who have heard and are aware of the term clear aligners as an option for orthodontic treatment, they still possess a superficial level of knowledge and understanding of its modus operandi. We can deduce that there is significant association between all three variables, gender, academic course, and previous history of orthodontic treatment with the awareness of clear aligners, where the results revealed that females, dental students and students with previous history of orthodontic treatment have higher awareness of clear aligners. The knowledge of clear aligners are significantly higher with dental students and students with previous history of orthodontic treatment.

In a nutshell, we observe that even though MUCM students are well aware of the term clear aligners, there is still a lack of deeper knowledge on it. This is essential as with this day and age, clear aligners proceed to be a desired treatment option for many (5) that ensures the compliance to the public demand with excellent results. 

The limitation for this study is that, the study was restricted to only MUCM students therefore in future, students from other universities can also be included in the study group to comprehensively measure the awareness and knowledge of clear aligners in the teenage group.
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