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Objective: To investigate the clinical application of clear aligner therapy (CAT) among Chinese
dental practitioners, focusing on case selection, treatment strategies, aligner change intervals
and recall schedules, and compare CAT with fixed appliances in clinical decision making.
Methods: A nationwide online cross-sectional survey of licensed dental practitioners in China
was conducted from June to November 2024. A structured questionnaire collected information
on demographics, CAT case selection, treatment strategies and clinical management practices.
Descriptive statistics were conducted.

Results: CAT was the choice of 87.74% of respondents (n = 1,066), mainly driven by patient de-
mand and expected compliance (88.84%). The high cost was identified as the main hindrance.
CAT was most commonly prescribed to adult patients, especially those aged 26 to 30 years. For
dental crowding, clinicians more often preferred arch expansion or molar distalisation over
interproximal enamel reduction or extraction. In extraction cases, four-premolar extraction
was the most common pattern. Rotation and root control were perceived to be the most diffi-
cult tooth movements. Most respondents reported aligner changes every 7 to 14 days (n = 608
[57.04%], every 7 to 10 days; n= 389 [36.49%], every 10 to 14 days). Recall visits were typically
every 6 to 12 weeks (n= 389 [36.49%], every 6 to 8 weeks; n= 355 [33.30%], every 8 to 12 weeks).
Conclusion: CAT has been widely adopted by Chinese dental practitioners, especially for the
treatment of adult patients with mild to moderate malocclusion. Standard clinical protocols
most often require aligner changes at 7- to 10-day intervals and patient recall visits at 6 to 8
weeks.
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Clear aligner therapy (CAT) has quickly become a prom-
inent treatment in Chinese orthodontic practice, mainly
because of the benefits it offers in terms of aesthetics,
patient comfort and ease of oral hygiene maintenance.!
Alongside the continued development of digital work-
flows and materials science, orthodontic treatment has
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gradually moved away from traditional fixed appliances
towards aligner-based treatment, allowing for more pre-
cise, efficient and aesthetically acceptable treatment.?
Despite these benefits, CAT is a topic of debate, at least
in part because it is largely a commercial-driven indus-
try. Key clinical parameters, such as aligner change
intervals and total treatment duration, have not been
fully standardised and reported treatment efficiency
and predictability vary considerably depending on
tooth movements and case complexity.3® Furthermore,
treatment outcomes are highly dependent on patient
compliance. The optimal use of early interventions and
remote monitoring technologies to improve adherence
and improve clinical outcomes therefore needs further
investigation.”® Manufacturing costs may also limit
the use of CAT for some primary care settings and less-
resourced areas. Although CAT has grown rapidly in
China, large-scale real-world evidence on clinical usage
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patterns, case selection and aligner management proto-
cols is still limited.

Accordingly, the present authors performed a nation-
wide questionnaire-based survey to investigate the use
of CAT in dental practice among dental practitioners in
China. The survey covered important aspects of admin-
istration of CAT including case selection, treatment
strategies, especially approaches to crowding manage-
ment and extraction planning, perceived difficulty of
the various tooth movements, aligner change intervals
and patient recall schedules. The goals were to describe
the patterns of CAT practice in the field, the factors that
affect clinical decision making and how clinicians pos-
ition CAT in relation to fixed orthodontic appliances.
This study was descriptive and exploratory in nature
and no prespecified hypotheses were tested.

Materials and methods

Study design and ethics

This study was a nationwide, cross-sectional online
survey that took place between June and November
2024. Ethical approval was granted by the Ethics Com-
mittee of Shanghai Ninth People’s Hospital, Shanghai
Jiaotong University School of Medicine (approval no.
SH9H-2024-T195-1). This report follows the Strength-
ening the Reporting of Observational Studies in epide-
miology (STROBE) statement.’ The completed STROBE
checklist is included as a supplementary file (provided
on request).1?

Setting

The questionnaire was delivered through Wenjuanx-
ing (WJX; Changsha, Ranxing Information Technology,
China), a safe and professional online survey platform
that is widely used for large-scale research in China.
Participation was voluntary and anonymous and access
to the collected data was restricted to the research team.

Participants and recruitment

Participants were recruited via nationwide, regionally
diverse online group chats for dental practitioners via a
QR code with direct access to the questionnaire.

Eligibility and data quality control

Eligible participants were licensed dental practition-
ers in China, such as orthodontic specialists, general
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dental practitioners and assistant dental practitioners,
who were actively providing orthodontic care. Eligibil-
ity screening and completion checks were incorporated
into the online questionnaire. The respondents who did
not meet the inclusion criteria and/or who did not com-
plete the required items were prevented from submit-
ting the questionnaire and thus excluded from the final
data set. To reduce duplicate entries, the survey plat-
form only allowed submissions from a single response
per device and IP address.

Questionnaire development and content

To guarantee scientific rigour and clinical relevance, the
Department of Orthodontics of Shanghai Ninth People’s
hospital performed a literature review and cited previ-
ous surveys, including those conducted by Abu Arqub
et al,'! who examined CAT protocols and preferences of
members of the American and Canadian associations
of orthodontists, and Meade et al,'? who examined CAT
practice patterns for members of the British Orthodon-
tic Society. The content validity of the questionnaire was
assessed by a panel of five senior orthodontists. A pilot
test of 20 clinicians evaluated clarity and usability and
minor revisions were made before national distribution.
All items were closed-ended to standardise responses,
and no personally identifiable information was collect-
ed. The average time taken to complete was around 15
minutes. The final questionnaire consisted of 38 closed-
ended questions divided into three sections: respondent
demographics and clinical experience with CAT; patient
selection, demand and satisfaction and clinician’s con-
fidence in treating various types of malocclusion; and
treatment strategies and adjustment measures (Appen-
dix 1, provided on request).

Variables

The primary outcome was the clinical use of CAT, which
was defined as the self-reported provision of CAT in rou-
tine orthodontic practice. Secondary outcomes were
CAT-related treatment strategies, aligner change inter-
vals, recall schedules, treatment planning behaviours
and perceived difficulty of various tooth movements.
Predictor variables included demographic variables
(age, sex), number of years of orthodontic experi-
ence, type of practice setting and geographic region.
Categorical variables (e.g. age range and years of ex-
perience) were grouped according to cut-offs used in
the literature on the orthodontic workforce to enable
international comparisons.
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Bias

Selection bias was addressed by national distribution of
the questionnaire in a variety of practice settings. Infor-
mation bias was minimised by the use of standardised
closed-ended questions and the exclusion of free-text
responses. Possible duplicate responses were limited
by restrictions on the platform; however, non-response
bias cannot be ruled out completely because participa-
tion was voluntary and the open sampling frame made
it impossible to calculate response rates.

Sample size

The sample size of the study was based on the number of
valid questionnaires collected during the study period.
A total of 1,215 valid responses were included in the
analysis. Of these, 1,066 respondents (87.74%) reported
that they provided CAT and completed the CAT-specific
items whereas 149 respondents (12.26%) did not provide
CAT and completed only the non-CAT sections.

Statistical methods

All the questionnaire items were analysed at the level
of respondents. Categorical and ordinal variables were
summarised as frequencies and percentages. For Likert-
type items and rating scales, distributions of responses
across categories were presented and mean scores were
calculated to give an overall indication of perceived dif-
ficulty or agreement. Age and years of experience were
obtained as pre-specified categories. Likert-type items
were analysed as ordinal variables and were summarised
with frequencies and percentages, and mean scores were
reported in addition to providing a descriptive summary.

The analyses were essentially descriptive and explora-
tory. No formal hypothesis testing or multivariable model-
ling was conducted because the goal was to describe real-
world patterns of clear aligner use, not to test prespecified
hypotheses. Descriptive statistics such as frequencies and
percentages and mean scores were obtained using the
built-in statistical functions of the Wenjuanxing online
survey platform. Participants were recruited through con-
venience sampling by online professional group chats;
no sampling weights were used, and the analyses did not
consider a complex sampling design.

Missing data

As required items completion was enforced by the sur-
vey settings prior to submission, there were no missing
data for the key variables reported in this study.
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[ Valid questionnaires collected J

(n=1,215)
I
Included in analysis
(n=1,215)

Conducted CAT
(n = 1,066)

Answered CAT-related items

Did not conduct CAT
(n = 149)
Answered non-CAT items only

Fig 1 Participant flow diagram. Ineligible respondents and
incomplete questionnaires were prevented from final submis-
sion by survey settings; therefore, no post-submission exclu-
sions were applied.

Results

Respondents and geographic distribution

By November 2024, a total of 1,215 valid responses had
been collected (Fig 1). Response rates were higher in the
east than in the west and higher in developed cities than
in less developed cities.

Demographic and practice characteristics

The majority of respondents were women and aged be-
tween 30 and 50 years. General dental practitioners and
orthodontic specialists were roughly equal in number,
with a small percentage of assistant dental practitioners.
Private clinics were the most common practice setting,
followed by public general hospitals and stomatological
hospitals. Most reported 3 to 10 years of experience with
CAT (Table 1).

Utilisation of CAT and drivers/barriers

CAT was used by 87.74% of respondents (n = 1,066).
Patient demand and expected treatment compliance
(88.84%, n =947) were the most influential factors in the
decision to offer CAT, whereas the high treatment cost
and limited equipment were the primary reasons for
not doing so. Additional reasons included poor patient
compliance, duration of treatment and concerns about
treatment effectiveness (Table 2). An optional free-text
field was offered to those respondents choosing “other
reasons” (40.94%, n = 61); common responses included
inadequate orthodontic training, lack of clinical expo-
sure or lack of opportunity. Among the clinicians who
offered CAT, almost half treated 10 or fewer aligner
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Table 1 Demographic and practice characteristics

What is your age (years)?

20-30 123(10.12

)
30-40 585 (48.15)
40-50 350 (28.81)
50-60 143 (11.77)
> 60 14 (1.15)

What is your sex?

Male 428 (35.23
Female 787 (64.77

What is the type of your primary practice setting?

Public general hospital 414 (34.07

Private dental clinic 553 (45.51

General dental practitioner 590 (48.56

)
)
)
Stomatological (dental) hospital | 248 (20.41)
)
)
)

What is your professional category? Orthodontic specialist 591 (48.64
Assistant dental practitioner 34 (2.80)
<1 73 (6.85)

1-2 180 (16.89)

. 3-5 336 (31.52)

How long have you been providing CAT (years)? 6-10 348 (32.65)
11-15 96 (9.01)
>15 33(3.10)

Table 2 Reasons for not choosing CAT.

Treatment is too expensive

6 (37.58)

(
Treatment duration is long 9(12.75)
Treatment outcomes are not ideal 8(12.08)
Poor patient compliance 30 (20.13)
Insufficient materials/equipment 37 (24.83)
Other reasons 61(40.94)

cases annually (Fig 2a), and about two-thirds said align-
ers made up less than 20% of their total orthodontic
caseload (Fig 2b). Orthodontic specialists said they
treated more CAT cases per year than general dental
practitioners and assistant dental practitioners.

Patient age groups and demand for CAT

CAT was used in all age groups, but was most often pre-
scribed for adult patients, especially those aged 26 to 30
years. Use in primary dentition was rare and indications
in mixed dentition were selective. Patient demand was
greater for adolescents with permanent dentition and
adults than for younger children (Table 3).

Digital treatment planning

Most clinicians (79.55%, n = 848) usually revised the
digital treatment plan two to three times, with 63.51%
(n = 677) taking a mean of 5 to 20 minutes to perform
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revisions. Over half of the respondents (52.43%, n = 559)
reported thatthey modified the position and attachments
of target teeth occasionally or sometimes manually.

Treatment strategies

Temporary anchorage devices (TADs) were often used
as auxiliaries when they were indicated, and segmental
archwires were used occasionally or sometimes by most
clinicians. Recall visits were usually scheduled every 6
to 12 weeks and almost all respondents recommended
aligner changes every 7 to 14 days, most commonly at
7- to 10-day intervals (Fig 3).

Strategies for resolving crowding

For CAT cases with crowding, clinicians mostly used
arch expansion and molar distalisation, whereas inter-
proximal reduction (IPR) and extractions were less com-
monly used (Fig 4).
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Fig3aandb Recall frequency for clear aligner patients (a); change intervals in CAT (b).
Table 3 Demand for CAT across age groups.
Age gro eve o 0 asiona 0 0 A d
Primary dentition 813(76.27) | 164 (15.38) 66 (6.19) 20(1.88) |3(0.28)
Mixed dentition 258 (24.2) 446 (41.84) 227 (21.29) 123 (11.54) |12(1.13)
Adolescents (permanent dentition) 43 (4.03) 230 (21.58) 521 (48.87) 244 (22.89) |28 (2.63)
Adults 23(2.16) 99 (9.29) 417 (39.12) 454 (42.59) |73 (6.85)
18-25Yy 400 (37.52)
26-30y 482 (45.22)
Age distribution among 31-35y 141 (13.23)
adult CAT patients,n (%) |36-40y 35(3.28)
41-50y 6 (0.56)
51-60y 2(0.19)
Table 4 Frequency of extraction patterns used with CAT.
oh pa gve 0 asiona ome e Dfte % A 3
Four premolars 52 (5.56) 165 (17.65) 268 (28.66 411 (43.96) 39 (4.17)
Two premolars 168 (17.97) 351 (37.54) 346 (37.01) 68 (7.27) 2(0.21)
One premolar 475 (50.80) 329 (35.19) 114 (12.19) 15 (1.60) 2(0.21)
One mandibular incisor 148 (15.83) 400 (42.78) 305 (32.62) 78 (8.34) 4(0.43)
Second molar 462 (49.41) 302 (32.30) 140 (14.97) 29 (3.10) 2(0.21)
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. 3.85% n=41
27.2% n=290
IFR 34,05% n=363
33.02% n=352
. 1.88% n=20
m 2.06% n=22
I 8.72% n=93
Arch Expansion 33.86% n=361
50.09% n=534
m 5.25% n=56
m 2.16% n=23
I 6.29% n=67
Molar Distalization 30.68%n=327
SRIEEHN=593
— 5.25% n=56
—— 5.94% n=74
I 19.51% n=208
Extraction 45.59% n=486
26.27% n=230
M 1.69% n=18
o 10 20 30 40 50 50
@ Never @ Occasionally Sometimes @ Often B Always Fig 4 Preferred Strateg'es to reSO|Ve CI’OWding in CAT
among Chinese dental practitioners.
Table 5 Retention methods after CAT.
Rete 0 B 0C 0 asio 0 0 o A a %
Clear thermoplastic retainer 34(3.19) 43 (4.03) 89 (8.35) 554 (51.97) | 346 (32.46)
Hawley retainer 183(17.17) | 358 (33.58) 299 (28.05) 175(16.42) |51 (4.78)
Lingual bonded retainer 288(27.02) |369(34.62) 261 (24.48) 119 (11.16) |29 (2.72)
Combination of = 2 retainers 279 (26.17) | 295 (27.67) 255 (23.92) 172 (16.14) |65 (6.10)
Using the last set of aligners as retainers 418(39.21) [289(27.11) 205 (19.23) 112 (10.51) |42 (3.94)

Use of CAT in extraction cases and extraction patterns

Most clinicians reported performing CAT for extrac-
tion cases only occasionally or sometimes, and private
clinics appeared more cautious than public institutions.
When CAT was used for extraction treatment, extrac-
tion of four premolars was the most frequent pattern,
followed by extraction of two premolars, and other pat-
terns were chosen less often (Table 4).

Retention after CAT

Clear thermoplastic retainers were the most popular
retention modality selected after CAT, while the use of
the last set of aligners as retainers was the least popular
retention approach (Table 5).

Perceived difficulty of tooth movements and maloc-
clusions

Table 6 summarises clinicians’ perceptions of the diffi-
culty of achieving different tooth movements using CAT
and their confidence dealing with different malocclusion
categories. Intrusion was rated as the easiest movement
to achieve, and extrusion and bodily movement were rat-
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ed as moderately difficult. Rotation and root control were
found to be the most difficult. In general, cases involving
mild to moderate crowding, spacing or single mandibu-
lar incisor extractions were perceived as easy or moder-
ately difficult. Conditions such as midline discrepancies
greater than 2 mm, Class II molar relationships requir-
ing distalisation, dental anterior crossbite and missing
tooth cases were rated as generally moderately difficult.
Complex cases, such as severe crowding, deep horizon-
tal overlap of more than 8 mm, two-premolar extrac-
tions, deep vertical overlap, anterior open bite, posterior
crossbite, posterior scissor bite and periodontally com-
promised malocclusion, were most frequently judged to
be of moderate to high difficulty. The greatest difficulty
ratings were given to impacted canines or incisors, severe
skeletal Class II/III cases demanding surgical interven-
tion, facial asymmetry and malocclusion associated with
temporomandibular disorders.

Treatment duration, effectiveness and satisfaction

Approximately half of the respondents felt that perform-
ing CAT to treat patients takes longer than other modal-
ities, with the rest neutral or disagreeing. When com-
paring the effectiveness of treatment, most clinicians
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Table 6 Perceived difficulty of achieving different tooth movements with CAT and confidence in treating various malocclusion cases.

Questio ode D d
How do you rate | Tipping 265 (24.86) | 547 (51.31) [192(18.01) |56 (5.25) 6 (0.56)
the difficulty of | Intrusion 70 (6.57) 439 (41.18) |413(38.74) |124(11.63) |20 (1.88)
performing the | Extrusion 20 (1.88) 139 (13.04) |391(36.68) |420(39.40) |96 (9.01)
following tooth | Rotation 14(1.31) 127 (11.91) |343(32.18) |457 (42.87) |125(11.73)
movements with | Root control 20 (1.88) 160 (15.01) | 459 (43.06) |355(33.30) |72 (6.75)
CAT? Bodily movement 20 (1.88) 122 (11.44) | 445(41.74) |356(33.40) |123(11.54)
Mild crowding 546 (51.22) |422(39.59) |90(8.44) |7 (0.66) 1(0.09)
Moderate crowding 109 (10.23) |428 (40.15) |461(43.25) |62 (5.82) 6 (0.56)
Severe crowding 70 (6.57) 217 (20.36) |393(36.87) |318(29.83) |68 (6.38)
Spacing 219 (20.54) | 463 (43.43) |327(30.68) |45 (4.22) 12(1.13)
Midline deviation > 2 mm 60 (5.63) 285 (26.74) | 529 (49.62) |181(16.98) |11 (1.03)
Deep vertical overlap > 8 mm 9(0.84) 55(5.16) 297 (27.86) |556 (52.16) |149 (13.98)
Four-premolar extraction 13(1.22) 66 (6.19) 475 (44.56) | 426 (39.96) |86 (8.07)
Two-premolar extraction 12(1.13) 104 (9.76) |611(57.32) |301(28.24) |38(3.56)
) Mandibular incisor extraction 70 (6.57) 469 (44.00) |463(43.43) |57 (5.35) 7 (0.66)
How confident ' oIl molar distalisation 37 (3.47) 274 (25.70) | 599 (56.19) |137(12.85) |19 (1.78)
i":; tyt?(:l f'gut::j:tng Dental crossbite 54 (5.07) 378 (35.46) | 487 (45.68) |124(11.63) |23 (2.16)
) Deep bite 18 (1.69) 124 (11.63) | 496 (46.53) |385(36.12) |43 (4.03)
cases with clear
aligners? Anterior open bite 13 (1.22) 139 (13.04) |543(50.94) |312(29.27) |59 (5.53)
Posterior crossbite 10 (0.94) 86(8.07)  |472(44.28) |442(41.46) |56 (5.25)
Posterior scissor bite 10 (0.94) 107 (10.04) |502 (47.09) |393(36.87) |54 (5.07)
Missing teeth 18 (1.69) 146 (13.70) |638(59.85) |234(21.95) |30 (2.81)
Malocclusion with periodontal disease 16 (1.50) 66 (6.19) 459 (43.06) |424(39.77) |101(9.47)
Impacted canines/incisors 10 (0.94) 31(2.97) 297 (27.86) |544(51.03) |184(17.26)
Severe skeletal Class I1/11l requiring surgery |12 (1.13) 54 (5.07) 233(21.86) |347(32.55) |420 (39.40)
Facial asymmetry 8(0.75) 19 (1.78) 202 (18.95) |467(43.81) |370(34.71)
Z’::('::gg';s'on with temporomandibular | gy 22(2.06) |213(19.98) |433(40.62) |389 (36.49)

indicated a neutral position, with a minority perceiving
CAT to produce superior outcomes compared to fixed
appliances. Despite this, overall patient and clinician
satisfaction with CAT outcomes was high, with only a
small proportion reporting dissatisfaction (Table 7).

Cost perceptions and in-office aligner fabrication

Regarding processing costs, 57.88% of respondents
(n = 617) thought that domestic aligner brands were
overpriced, whereas 40.62% (n = 433) thought that they
were reasonably priced. Imported brands were seen as
overpriced by most clinicians (84.62%, n =902) with only
14.45% (n = 154) considering their cost reasonable. Most
respondents (87.43%, n = 932) had never tried chairside
clear aligner fabrication, whereas 12.57% (n = 134) had.

Discussion

This nationwide survey provides a comprehensive over-
view of the implementation of CAT in routine clinical
practice in China. Most practitioners have incorporated
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CAT into their workflows, predominantly for adult pa-
tients with mild to moderate malocclusion, favouring
non-invasive strategies such as arch expansion and
molar distalisation while adopting a cautious approach
to extraction and complex skeletal cases. These findings
support CAT as a mainstream option for selected indica-
tions, whereas fixed appliances or hybrid approaches
remain preferable for cases requiring complex bio-
mechanics or extensive extractions.

The present findings also highlight areas requiring
further investigation, including the optimisation of
clinical protocols, the predictability of aligner bio-
mechanics in extraction-based and severe malocclu-
sions and the cost-effectiveness of CAT compared with
fixed appliances.

National uptake of CAT compared with international
data

In this survey, 87.74% of respondents said they use CAT
in clinical practice, which shows that aligners have
become a regular treatment option among Chinese
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Table 7 Treatment duration, outcomes and satisfaction with CAT.

Questio A
Strongly agree 113 (10.60)
Agree 423 (39.68)
Compared with other orthodontic techniques, do you think CAT takes too long? Neither agree nor disagree | 411 (38.56)
Disagree 109 (10.23)
Strongly disagree 10 (0.94)
Strongly agree 27 (2.53)
Agree 143 (13.41)
Compared with other orthodontic techniques, do you think CAT has better outcomes? Neither agree nor disagree | 678 (63.60)
Disagree 211 (19.79)
Strongly disagree 7 (0.66)
Very dissatisfied 9 (0.84)
Dissatisfied 7 (0.66)
How satisfied are your patients with the treatment outcomes of CAT? Neutral 333 (31.24)
Satisfied 668 (62.66)
Very satisfied 49 (4.60)
Very dissatisfied 7 (0.66)
Dissatisfied 16 (1.50)
How satisfied are you with the treatment outcomes of CAT? Neutral 448 (42.03)
Satisfied 561 (52.63)
Very satisfied 34 (3.19)

dental practitioners. This level of adoption is broadly
similar but not identical to rates of utilisation reported
in recent surveys of orthodontists and general dental
practitioners in North America, Europe and Oceania,
where aligner use typically ranged from approximately
65% to over 90% of respondents. 1117

Approaches to resolving crowding

Aligners show reasonable predictability for crowding
relief, although there is a possibility of deviations from
the virtual setup in post-treatment arch forms.!® In the
present survey, the most common choice among Chi-
nese clinicians was arch expansion and molar distalisa-
tion, non-invasive strategies that do not involve enamel
destruction and are generally well accepted by patients,
especially in cases of mild to moderate crowding. IPR
and extractions were less common (Fig 4) and there was
a cautious approach to irreversible procedures.

Non-invasive strategies: arch expansion and molar
distalisation

CAT is suitable for patients with limited arch width
(< 6 mm); however, the skeletal expansion effect is usu-
ally small and is often accompanied by buccal tipping
and reduced predictability.!®2° Refinement stages can
improve treatment accuracy.?!

The factors that determine the efficiency of molar
distalisation include anchorage design, concomitant
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anterior retraction and the presence of deep horizontal
or vertical overlap.1:?? The efficiency is reduced when
distalisation is combined with anterior retraction or
when employed in cases with deep bite or horizontal
overlap.?%23 The use of TADs and/or IPR as auxiliaries
may increase control and treatment stability.-??

Conservative use of IPR

Compared to Chinese clinicians, practitioners in Aus-
tralia, New Zealand, Canada and France are more likely
to use IPR to relieve crowding.131517,24

IPR creates space without loss of dentition; however,
its accuracy is operator dependent and less predict-
able.'®2°> Besides, IPR may cause potential risks includ-
ing thermal or pulpal damage, caries, soft tissue trauma
and dentine hypersensitivity, which may partly explain
its more conservative use in China.?%?’ Consequently,
IPR should be performed only in cases where it is
clearly indicated and supported by careful digital plan-
ning and attachment design to increase precision and
reduce complications.

Extraction patterns in CAT

Clinical use of CAT in extraction cases

Management of extraction cases is one of the most
difficult and controversial areas of CAT. Nonetheless,
extraction is still beneficial in moderate to severe cases
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of crowding.?®30 The present study found that Chinese
dental practitioners take a relatively proactive but cau-
tious attitude to extractions with CAT, with their pre-
ferred extraction patterns being different to those
reported by their international peers.

In the present survey, 69.42% of practitioners
(n = 740) said that CAT accounted for less than 20%
of their orthodontic cases. Similar caution regarding
aligner use in premolar extraction cases has been
reported in North America and Canada.l,?*

Factors influencing extraction decisions in China

The lower rate of extraction cases treated with CAT in
China may reflect both patient and case characteristics
as well as clinician preferences. The domestic aligner
market is largely adult-orientated, and clinicians may
be more inclined to use non-extraction approaches to
crowding in adults.3! Epidemiologic data also show a
high prevalence of crowding in Chinese and East Asian
populations,32:33 with severe cases often resulting in
premolar extraction and massive tooth movements
using conventional mechanics. Moreover, based on
current knowledge, CAT is less predictable for com-
plex 3D movements, especially in premolar extraction
cases.3*

Consistently, maxillomandibular protrusion cases
that require extraction and anterior retraction and pre-
molar extraction cases with more than 2 mm posterior
protraction were classified as low-predictability indica-
tions in the 2021 guideline published by the Chinese
Stomatological Association and were advised not to be
managed by inexperienced clinicians.?® The guideline
also describes molar distalisation as a common strategy
in adult cases of crowding and borderline extraction
cases.?® These recommendations likely push Chinese
clinicians to focus on arch expansion, distalisation and
IPR if possible, and they should also be careful regard-
ing extensive extraction protocols with aligners.

International extraction patterns and biomechanical
considerations

In the present survey, 48.13% of Chinese clinicians
(n= 450) reported that they frequently or always choose
four-premolar extraction in CAT, the most frequently
used extraction pattern (Table 4), and rarely mandibu-
lar incisor extraction. These results indicate that many
Chinese clinicians still adopt conventional extraction
principles in aligner treatment, using four-premolar
extraction to achieve symmetrical space and promote
arch coordination.
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In contrast, surveys conducted in France, Canada,
New Zealand and Australia report low frequency of use
of CAT for premolar extraction cases.'»1517 For man-
dibular incisor extraction, however, CAT appears to
be more selectively considered in the United States,!!
Australia'® and France®® as a localised treatment strat-
egy. These results indicate that international practition-
ers are more inclined to consider localised or asym-
metrical extraction strategies for CAT and to be wary of
extensive premolar extractions. The 2025 international
expert consensus similarly emphasises individualised
extraction selection based on space requirements and
malocclusion characteristics.! Biomechanical evidence
helps to explain this cautious approach. Extraction
space closure with aligners may generate retraction
forces and lingual moments on the anterior teeth, lea-
ding to lingual tipping, extrusion and anchorage loss,
with documented discrepancies between predicted
and achieved tooth movements.?’-*? Discrepancies be-
tween predicted and achieved movements have been
reported, particularly for molars, central incisors and
canines.® In four first-premolar extraction cases, these
effects are most pronounced, whereas after second
premolar extraction, adjacent molars may tip mesially,
with maxillary posterior teeth tending to exhibit great-
er mesial tipping than mandibular teeth.3”40 In man-
dibular incisor extraction cases, considerable retractive
forces are placed on anterior teeth while posterior
teeth must provide mesial anchorage, and mesiodistal
control discrepancies have been documented, with
central incisors often more difficult to control than
canines.3*

Overall, Chinese clinicians are more likely to use
a standard four-premolar extraction pattern in CAT,
whereas clinicians in other countries are more likely to
employ localised or asymmetrical extraction strategies.
These differences underscore the need for extraction
planning in aligner therapy to be guided by case com-
plexity and biomechanical feasibility rather than direct
extrapolation from fixed appliance protocols.

Difficulty of tooth movements and case selection

Inthe present survey, intrusion was considered the tooth
movement achieved most easily using CAT followed by
extrusion and bodily movement, whereas rotation and
root control were the most difficult. International evi-
dence is consistent and there is high predictability for
tipping movements (> 80%) and low success rates for
root control (< 30%). Other difficult movements are
active extrusion of maxillary incisors, rotation of cylin-
drical teeth and posterior distalisation.*?
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Globally, clinicians usually restrict the use of CAT to
mild to moderate malocclusion and report low confi-
dence in treating extraction cases, severe crowding and
deep bite using aligners alone.'32* Orthodontic special-
ists are more inclined to treat complex cases than gen-
eral dental practitioners.!* In the present survey, per-
ceived difficulty increased with case complexity, with
mild malocclusions generally rated easier and skeletal
discrepancies, surgical cases and temporomandibular
disorders rated most difficult (Table 3). These results
are consistent with the 2025 CAT difficulty grading con-
sensus, as well as with reports from other countries.1*3

In complex cases, CAT is limited by its dependence
on aligner geometry and material properties.*>** As
a result, sometimes the use of attachments, smaller
staged movements and hybrid mechanics that com-
bine aligners and fixed appliances are necessary.*’
Treatment planning should be individualised based
on facial profile, diagnostic findings, 3D movement
requirements and anticipated patient compliance.!

Aligner change intervals and recall schedules

Aligner change intervals and recall schedules are im-
portant considerations for optimising treatment effi-
ciency, patient compliance and clinical outcomes in
CAT. Globally, most clinicians suggest aligner changes
every 7 to 14 days, but preferences differ,}1-13,1517,24,45

In the present survey, over half of Chinese clinicians
chose 7- to 10-day change intervals and over one-third
chose 10- to 14-day intervals. Current evidence suggests
that longer wear protocols may have marginal benefits
for some complex movements but are not consistently
superior to shorter protocols across outcomes.?246:47
Accordingly, aligner change frequency should be indi-
vidualised according to the complexity of the planned
movements to optimise efficiency and control.

Regarding recall schedule, more than two-thirds of
Chinese clinicians reported a recall schedule of 6 to 12
weeks, 36.49% opted for 6 to 8 weeks and 33.30% for 8 to
12 weeks. Internationally, most orthodontists reported
organising recalls at 6 to 8 weeks,!213,15-17,24

Recent trials indicate that remote monitoring can re-
sultin fewer and shorter in-office visits by continuously
checking aligner fit and tooth movement.*34° Based on
current evidence, a pragmatic approach is to adopt an
aligner change protocol of 7 days with 8 to 12 weeks
recall for mild to moderate cases and 10 to 14 days
with 6 to 8 weeks recall for complex movements, such
as distalisation and root control. Treatment protocols
should be flexible and modified based on the biological
response of the patient and clinical progress.
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Comparison between CAT and fixed appliances

For the time period relevant to the present survey,
fixed appliances still made up a larger percentage of
the routine clinical workload.*® Beyond market penetra-
tion, both international expert consensus and national
guidelines focus on the indication boundaries and pre-
dictability limits of CAT. Aligners can be a good alterna-
tive to fixed appliances in Class I non-extraction cases
with mild to moderate crowding, but extraction based
management of severe crowding is more difficult due
to issues associated with alignment, occlusal contacts
and control of incisor torque and tipping.3>>! Clinical
evidence from first premolar extraction patients treat-
ed with aligners has documented clinically meaningful
discrepancies between predicted and achieved move-
ments, including anchorage loss and unwanted tipping
or vertical changes of incisors, canines and molars.3%>2
The higher concentration of extraction cases treated
with fixed appliances is therefore in line with these
known biomechanical limitations of CAT.

Regarding treatment duration, a recent systematic
review found low-certainty evidence of no consistent
difference between aligners and fixed appliances for
mild to moderate crowding, and an expert consen-
sus did not conclude that CAT is consistently faster.>3
Statements on time efficiency should therefore be
interpreted cautiously and put in context with case
complexity and patient compliance. In the present sur-
vey, 50.28% of clinicians agreed that CAT is more time-
consuming than other techniques whereas 38.56% were
neutral and 11.17% disagreed, resulting in a mean score
of 2.51 (on a 5-point scale, with higher scores indicating
stronger agreement).

Limitations and generalisability

This study has several limitations. Voluntary participa-
tion via professional online networks may have intro-
duced selection bias and limited representativeness.
Many CAT users were low-volume providers, and ana-
lyses were not stratified by caseload or experience, so
reported protocols may not reflect those of high-volume
or specialised clinicians. Data were self-reported with-
out external validation, introducing potential infor-
mation bias, and the questionnaire, although expert
reviewed and pilot-tested, was not formally psycho-
metrically validated. Regional responses were uneven,
with fewer from less developed areas, and the sampling
frame was not enumerated, precluding calculation of
a response rate and assessment of non-response bias.
The cross-sectional design limits causal inference and
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temporal analysis; outcomes were subjective with-
out objective records and descriptive analyses with-
out multivariable modelling precluded assessment of
associations. Despite these limitations, the large sample
and broad geographic coverage provide a useful snap-
shot of contemporary CAT practice in China, although
generalisation should be cautious given differences in
training, resources, sampling and regional representa-
tion.

Conclusion

This study found that 87.74% of Chinese dental practi-
tioners have adopted CAT in clinical practice, mainly for
mild to moderate malocclusion, and rarely in complex
cases. Most clinicians reported aligner change intervals
of 7 to 14 days, most often 7 to 10 days, and recall inter-
vals of 6 to 12 weeks, most often 6 to 8 weeks. These
results provide useful information for the clinical appli-
cation and standardisation of CAT in China.
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