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ABSTRACT

Background: Clear aligner therapy (CAT) has revolutionized orthodontic care because of its aesthetic appeal and
convenience. However, the growing use of thermoplastic aligners has raised environmental concerns owing to their non-
biodegradable nature and the lack of standardized disposal methods. This study aimed to evaluate orthodontists’ knowledge,
awareness and practices regarding the disposal and recycling of clear aligners in India.

Methods: A cross-sectional online questionnaire comprising 21 validated items was distributed to practicing orthodontists.
A total of 166 responses were analyzed using descriptive statistics and the Chi-square test, and one-way ANOVA was used
to assess variations in knowledge and practice scores across years of experience, area and type of practice.

Results: Only 9% of orthodontists were fully aware of the biodegradation characteristics of aligner materials, whereas 87.3%
were slightly aware. Nearly half (50.6%) reported no formal in-clinic provisions for aligner disposal. The mean knowledge
and practice scores were 8.60 £ 1.10 and 7.63 £ 1.17, respectively, and both were significantly influenced by years of
experience (p=0.017 and p<0.001). The major challenges identified were the lack of clear guidelines (18%) and the time or
effort required for disposal (29%). Encouragingly, 89% expressed willingness to adopt proper disposal methods if adequate
facilities and regulations were available.

Conclusion: The study highlights a significant gap between awareness and practice of clear aligner waste management
among orthodontists. National guidelines, continuing education programs and collaboration with waste management
agencies are essential to promote environmentally sustainable orthodontic practice.
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INTRODUCTION

Malocclusion is among the most prevalent dental problems,
alongside dental caries, periodontal disease and dental
fluorosis,' and it affects physical, social and psychological
well-being.? Orthodontic treatment improves oral function,
appearance and quality of life.?

Once centered mainly on adolescents,* orthodontic care is
now increasingly sought by adults to improve oral health,
appearance and quality of life.> The specialty has
progressed from cemented metal bands to bondable metal
and ceramic brackets and, now, clear plastic aligners,
changing how orthodontic care is delivered and perceived.®

Clear aligners are favored by adults for their discreet
appearance.” Because they are removable, they permit
better oral hygiene, reduce soft tissue irritation and lower
the risk of the white spot lesions often seen with fixed
appliances.®® Virtual monitoring also allows fewer in-
office wvisits, which suits patients who find frequent
appointments difficult.’

The roots of modern aligners lie in Kesling’s tooth
positioning appliance of 1945' and Nahoum’s vacuum-
formed clear appliance of 1959.!! In 1997, Align
Technology combined 3D computer imaging with vacuum
thermoforming to produce customized clear aligners.'?

The first widely available aligners used a rigid
polyurethane, later replaced by more flexible materials such
as Exceed-30 and, in 2012, SmartTrack, a thermoplastic
polyurethane designed to deliver gentler, more consistent
forces.!® Other manufacturers mainly use polyethylene
terephthalate glycol-modified (PET-G), polycarbonate,
polypropylene, thermoplastic polyurethanes and ethylene
vinyl acetate,'* with PET-G favored for its superior optical
and mechanical qualities.!* These petroleum-derived
plastics are non-biodegradable and cause environmental
damage when burned.'¢

The number of trays per patient depends on case
complexity, the frequency of tray changes!” and the need
for refinements.!® More than 25 million aligner trays are
estimated to be discarded into landfills worldwide each
year.!”

Polyethylene terephthalate (PET) is among the most
durable plastics and strongly resists natural degradation,?
taking nearly a thousand years to break down,?' while
incineration emits dioxins and polychlorinated biphenyls
that contaminate the air and endanger living organisms.?
Global plastic use has risen nearly 180-fold since 1950,
reaching an estimated 400.3 million tons by 2022, and
neglect of how plastic is discarded has made it a leading
source of waste in the natural environment.?

Information on how clear aligners are actually disposed of,
and whether proper methods are followed, is limited.
Surveying orthodontists can reveal knowledge and practice
gaps and support responsible disposal habits among
professionals and patients. This study therefore aimed to
evaluate the knowledge, awareness and practices of
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orthodontists regarding clear aligner disposal and recycling,
highlighting the importance of sustainable disposal
practices within the dental profession.

MATERIALS AND METHODS

A cross-sectional online survey was conducted using a 21-
item questionnaire, created in Google Forms, to assess
knowledge, awareness and practices related to clear aligner
disposal. Apart from the respondent’s email address, no
personally identifying information was collected, and the
name field was optional. Institutional Review Board
clearance (SVDC/IRB/2025/1102/PG SHORT
STUDY/06) and Institutional Ethical clearance
(SVDC/IEC-Cer/2024-25/83) were obtained before the
study began.

Questionnaire Validity

The questionnaire was validated by external experts in the
field for reliability and relevance. Based on their feedback,
the length of the questionnaire and the clarity of individual
questions were refined.

Study Population

Orthodontists practicing clear aligner therapy were
included. General dentists and practitioners of other
specialties were excluded.

Survey Distribution

The survey link was shared through social media platforms,
particularly WhatsApp. Informed consent was outlined
within the form and obtained from each respondent before
the questionnaire began.

Sample Size Calculation

The sample size was calculated using the formula N =
Z*pq/d?, where Z = 1.96 at 95% confidence, p = 10.9%, q =
1 — p and d = 5% (allowable error). Thus, N = (1.96)? x
0.109 x 0.891/(0.05)? = 149.2. After allowing for a 10%
non-response rate (149.2/0.9 = 165.8), the final sample size
was set at 166 participants.

Statistical Analysis

Data were entered in Microsoft Excel and analyzed using
IBM SPSS version 25. Descriptive statistics (frequencies,
percentages, means and standard deviations) were
calculated. Associations between categorical variables
(e.g., years of experience, type and area of practice, disposal
methods and awareness) were tested using the Chi-square
test, and mean knowledge and practice scores across groups
were compared using one-way ANOVA. A p-value <0.05
was considered statistically significant.

RESULTS

Participant Characteristics

Among the 166 respondents, most orthodontists had 10-20
years (38.0%) or 610 years (36.1%) of clinical experience.
Urban practitioners formed the largest group (40.4%), and
most respondents worked in private clinics (66.3%) (Figure

).
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Figure 1: Distribution of participants according to (A) years of orthodontic experience, (B) area of practice and (C) type of practice

Aligner Practice Variables

Years of experience was significantly associated with the
number of aligner cases treated (p<0.001), trays used per
case (p<0.001), type of aligner system used (p=0.027) and
in-house disposal methods (p=0.029) (Table 1).
Orthodontists with 10-20 years of experience most
commonly reported >30 cases (66.7%) and 30—40 trays per
case (51.9%), whereas those with 1-5 years of experience
most commonly reported 0—10 cases (66.7%) and 10-20
trays (80.0%). Awareness of disposal programs (p=0.291)
and disposal options provided by companies (p=0.466) did
not differ significantly; in all experience groups, most
respondents reported that companies offered no disposal
programs or provisions.

Table 1: Association of aligner practice variables with years of
experience, area of practice and type of practice among
orthodontists

Aligner practice variable Yean:s o Area'of Type'of
experience | practice practice

Number of aligner cases <0.001 <0.001 <0.001

treated

Number of trays used per case <0.001 <0.001 0.046

Type of aligner system used 0.027 0.553 <0.001

Awareness of disposal 0291 0401 0327

programs

Dlsposa_l options provided by 0.466 0219 0.189

companies

In-house disposal methods 0.029 0.610 <0.001

Chi-square test; values are p-values. Bold values indicate statistical
significance (p<0.05).

Area of practice was significantly associated with the
number of cases treated (p<0.001) and trays used
(p<0.001). Metropolitan and urban practitioners reported
higher case volumes and tray usage than rural practitioners
(for example, >30 cases in 66.7% of metropolitan
practitioners versus 0-10 cases in 27.3% of rural
practitioners). Aligner system preference, disposal program
availability, company disposal options and in-house
disposal methods did not differ significantly by area (all
p>0.05); return kits were reported only in urban practices.

Type of practice was significantly associated with the
number of cases treated (p<0.001), trays used (p=0.046),
aligner system used (p<0.001) and in-house disposal
methods (p<0.001). Private clinic practitioners accounted
for 66.7% of those treating >30 cases and most often used
multiple aligner systems (74.8%) and multiple disposal
methods (72.6%), whereas biomedical waste agencies were
used more often in clinic + institute settings (85.7%).

Knowledge and Practice Scores

Mean disposal and recycling knowledge and practice scores
are shown in Table 2. Knowledge scores differed
significantly by years of practice (p=0.017), with the
highest mean among orthodontists with 6-10 years of
experience (8.80 = 0.91). Practice scores also differed
significantly by years of practice (p<0.001), again highest
in the 6-10-year group (7.92 + 0.91). No significant
differences in knowledge or practice scores were found by
area or type of practice (p>0.05).

Table 2: Comparison of disposal and recycling knowledge and practice scores among orthodontists

i e
Comparison variable Category Knowledge score (mean i Practice score (mean i
+ SD) SD)
1-5 years 8.38+1.13 7.00 +1.52
6-10 years 8.80£0.91 7.92+0.91
Years of practice 0.017 <0.001
10-20 years 8.67+1.14 7.65+1.11
>20 years 7.67+1.41 7.89 +0.93
Metropolitan 8.50+1.52 7.68+1.19
Rural 8.67+0.97 7.11+1.49
Area of practice - 0.720 0.270
Semi-urban 8.76 +0.73 7.68 +1.04
Urban 8.55+1.03 7.70+1.14
Clinic + institute 8.59+1.28 7.57+1.44
Dental educational institute 836+1.12 7.18+1.17
Type of practice - 0.130 0.650
Hospitals 9.00+1.15 7.86 £ 1.46
Private clinic 8.63+1.01 7.68 +£1.06

One-way ANOVA. Bold values indicate statistical significance (p<0.05).
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Disposal Awareness and Practices

Years of experience was significantly associated with the
availability of disposal provisions (p<0.001), patient
instructions regarding used aligners (p=0.028) and
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perceived disposal challenges (p<0.001), but not with
methods of disposal (p=0.101). Area and type of practice
were significantly associated only with perceived disposal
challenges (both p<0.001) (Table 3).

Table 3: Association of respondent characteristics with disposal awareness and practices among orthodontists

Characteristic Methods of disposal Dispos:lrgztt)i\;iesions at | Patient ins;;'i;fltei::s for used Perc:li:fl(l l;igi?s)osal
Years of experience 0.101 <0.001 0.028 <0.001
Area of practice 0.241 0.268 <0.001
Type of practice 0.079 0.162 <0.001

Chi-square test; values are p-values. Bold values indicate statistical significance (p<0.05).

DISCUSSION

This study highlights important gaps in orthodontists’
knowledge and practice regarding the disposal and
recycling of clear aligners. Although most respondents
knew that aligners are made of non-biodegradable plastic,
only a small proportion (9%) were fully aware of their
biodegradation characteristics. Nearly half (50.6%)
reported no formal disposal provisions in their practice, and
patient instructions on disposal were inconsistent.
Knowledge and practice scores were significantly
associated with years of orthodontic experience and were
highest among orthodontists with 610 years of experience.

Aligner thermoplastics such as PET-G, polyurethane,
polycarbonate and polypropylene may take hundreds of
years to degrade in landfills,'#!¢ and their incineration can
release toxic dioxins and polychlorinated biphenyls.?2*
Bisphenol-A release and cytotoxicity from thermoplastic
aligner materials have also been reported, underlining the
need for safe disposal and recycling protocols.?>3°

Recent reviews have highlighted the environmental burden
of discarded aligners and dental plastic waste and have
called for proper disposal and recycling strategies,?!* and
a systematic review of oral healthcare clinics likewise
reported substantial polymer waste and critical knowledge
gaps.** Data on orthodontists’ own knowledge and practices
are, however, limited, which this study helps to address.

The absence of formal disposal provisions in nearly half of
the practices is concerning, because used aligners discarded
in general garbage may increase environmental
contamination and pose a potential risk of cross-infection.'®
Patient instructions were likewise inconsistent: although
many orthodontists advised patients to clean and store used
aligners, there was no uniform protocol on whether aligners
should be returned to the clinic, discarded in household
garbage or handed over to biomedical waste agencies. This
indicates a need for unified patient education guidelines and
chairside instructions.

The main barriers reported were the lack of clear disposal
guidelines and the time and effort required for waste
segregation and disposal. Encouragingly, most respondents
(89%) were willing to adopt appropriate disposal methods
if adequate infrastructure and regulations were available,
suggesting that responsible practices are achievable if
disposal systems are made simpler and more accessible.

Gupta et al.* proposed a standard operating procedure in
which patients disinfect used aligners, store them in zip-
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lock pouches and return them to the orthodontist, who re-
disinfects them and disposes of them through biomedical
waste protocols; such a framework could be adapted into
national guidelines. Recycling initiatives, such as
TerraCycle-based programs in the United Kingdom and the
United States that collect used aligners for repurposing,’>-3
show that sustainable disposal pathways are feasible when
adequate infrastructure exists, although recycling remains
technically difficult because of the multi-layered plastic
composition of aligners.

These findings are also relevant to the United Nations
Sustainable Development Goals (SDGs). Clear aligner
therapy supports SDG 3 (Good Health and Well-Being),
whereas the disposal of non-biodegradable aligners raises
concerns related to SDG 12 (Responsible Consumption and
Production) and SDG 13 (Climate Action).>’

This study has limitations: responses were self-reported, the
questionnaire was distributed through social media, and the
sample of 166 orthodontists may not represent all
practitioners, so the findings should be generalized with
caution.

CONCLUSION

This study revealed notable gaps in orthodontists’
knowledge and practice regarding the disposal and
recycling of clear aligners. Although most respondents
knew that aligners are made of non-biodegradable plastic,
only 9% were fully aware of their biodegradation
characteristics, nearly half (50.6%) had no formal in-clinic
disposal provisions, and patient education on waste
handling was inconsistent. Nevertheless, 89% were willing
to adopt environmentally responsible practices if clear
guidelines and infrastructure were available. Standardized
biomedical waste management protocols, national disposal
guidelines, regulatory involvement and educational
initiatives are therefore needed to promote sustainable
orthodontic practice and reduce the environmental burden
of clear aligner therapy.
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