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Abstract

Objectives
To characterize orthodontists' general treatment-planning preferences and examine case-specific
treatment decisions across standardized borderline orthodontic scenarios.

Materials and Methods
A closed web survey of 138 orthodontists assessed general appliance use, extraction frequency, usual
extraction-tooth preference, planning priorities, and non-extraction strategies. Participants then
evaluated three scenarios with the same non-intraoral diagnostic background but different localized
maxillary characteristics, rating appliance preference, extraction/non-extraction planning, tooth selection,
non-extraction strategies, and planning factors. Repeated outcomes were analyzed using Cochran
Q/McNemar tests and parsimonious GEE models.

Results
Among 138 orthodontists, fixed buccal appliances predominated in general practice, and first premolars
were the usual extraction teeth. Across the three borderline cases, which differed in localized maxillary
intraoral characteristics, the proportion choosing extraction changed only modestly (71.0%, 63.0%, and
66.7% for Cases 1–3, respectively). In contrast, maxillary second-premolar selection increased from
7.2% in Case 1 to 19.6% in Case 2 and 31.2% in Case 3 (p < 0.001). Higher case-specific fixed buccal
preference was associated with greater odds of extraction (OR 1.95, 95% CI 1.36–2.80), whereas higher
clear aligner preference was associated with lower odds (OR 0.66, 95% CI 0.50–0.87). In exploratory
analyses, greater concern about gingival level in Case 2 and crown morphology/size in Case 3 was
associated with maxillary second-premolar selection.

Conclusions
The main case-related change was not whether orthodontists chose extraction, but which premolar they
selected. Localized intraoral characteristics were more closely associated with tooth selection, whereas
higher clear aligner preference was associated with non-extraction planning and higher fixed buccal
preference with extraction planning.

Clinical Relevance:
In borderline orthodontic cases, localized dental and gingival characteristics may alter which tooth is
selected for extraction even when the overall extraction decision remains similar. Appliance preference
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may also be related to whether extraction or non-extraction treatment is planned.

Introduction
Extraction planning remains one of the most complex decisions in orthodontic diagnosis and treatment
planning[1]. Although crowding, sagittal relationships, incisor inclination, facial profile, lip posture,
vertical pattern, and stability are central to this decision, planning is rarely based solely on cephalometric
or dental-arch parameters[1, 2]. Localized intraoral findings, including crown morphology, enamel
defects, gingival margin levels, restorative prognosis, and esthetic asymmetry, may also influence which
tooth is selected for extraction once extraction is considered[3].

The distinction between deciding whether to extract and which tooth to extract is clinically important.
First premolars are traditionally selected when relief of anterior crowding, incisor retraction, and
anchorage control are major objectives, whereas second-premolar extraction may be considered to
preserve facial profile and lip fullness, maintain smile esthetics, or retain first premolars with more
favorable crown form and gingival architecture[1, 3–5]. Selection of teeth for extraction should therefore
be considered a related but separate component of extraction planning.

Borderline cases are particularly suited to studying this process. An arch-length discrepancy of 5–9 mm
represents a gray zone in which both extraction and non-extraction treatment may be defensible
depending on patient-specific factors, the clinician's treatment philosophy, appliance preferences,
esthetic priorities, risk tolerance, and interpretation of localized dental findings[1, 6, 7]. Previous studies
have examined both predictors of extraction decisions in Class I malocclusions and outcomes
associated with extraction versus non-extraction treatment [8, 9].Appliance preference may also be
relevant. Clear aligner-oriented planning may be more closely aligned with non-extraction space-gaining
strategies, whereas fixed-appliance-oriented planning may be more readily associated with extraction
mechanics [10, 11]. It remains unclear, however, whether appliance preference is associated primarily
with the extraction-versus-non-extraction decision or also with selection of teeth for extraction. Prior
surveys have characterized the extraction-versus-non-extraction decision and its predictors in borderline
cases but have not formally separated this decision from the distinct question of which tooth is
selected[8, 12, 13].

Building on this distinction, the present study examined both general and case-specific aspects of
orthodontic treatment planning. The general survey characterized appliance use, extraction frequency,
usual extraction-tooth preferences, treatment-planning priorities, and non-extraction space-gaining
strategies. The case-based section incorporated digitally modified intraoral photographs, an approach
previously used in dental esthetic-perception research [14] within a standardized borderline orthodontic
diagnostic framework. The same non-intraoral diagnostic background was maintained across scenarios,
while localized maxillary intraoral characteristics differed. The primary aims were to determine whether
extraction decisions and extraction-tooth selection differed across the three scenarios and to examine
whether these two components of planning were associated with different clinical factors. Secondary
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analyses evaluated whether case-specific appliance preference was associated with extraction versus
non-extraction planning and whether localized feature ratings corresponded with feature-consistent
tooth selection. We hypothesized that localized feature ratings would show clearer associations with
tooth selection than with the broader decision to extract, whereas case-specific appliance preference
would be more closely associated with extraction versus non-extraction planning.

Materials and Methods

Study design and participants
This cross-sectional study was conducted after institutional review board approval and is reported in
accordance with STROBE recommendations for cross-sectional studies and relevant CHERRIES items
for web-based surveys. Participants were recruited through the X Orthodontic Society, a national
orthodontic association. The survey was closed to registered orthodontists and was distributed through
the association mailing system on April 14, 2025, with a reminder on June 10, 2025; data collection
remained open until April 2026. Association records listed 2401 registered members in April 2025, but
the number of invitations successfully delivered or opened could not be verified. Accordingly, a formal
response rate could not be calculated.

The survey was administered in Google Forms. Before accessing the questionnaire, participants viewed
an information page describing the study purpose, voluntary participation, and questionnaire content
and proceeded only after electronic consent. Sign-in was required and submissions were limited to one
per account. Missing responses were assessed before analysis, and available data were used for each
relevant variable. The full questionnaire and completed STROBE and CHERRIES checklists are provided
as Supplementary Information.

The questionnaire collected age group, sex, work setting, years of orthodontic experience, and average
weekly patient volume. Participants reported general use of fixed buccal appliances, fixed lingual
appliances, and clear aligners using percentage categories that were recoded to 0–5 ordinal use-
intensity scores. They also reported how frequently they performed extraction treatment and identified
their usual extraction-tooth preference separately for the maxillary and mandibular arches from
predefined tooth categories. General treatment-planning priorities were rated on a 0–5 scale (0 = no
influence, 5 = highly influential) for midline, profile, upper and lower lips, gingival levels, crown
morphology/size, enamel defects, and treatment stability. Participants also rated their use of
distalization, expansion, interproximal reduction, and proclination as non-extraction space-gaining
strategies on a 0–5 frequency scale.

Case materials and image preparation
The case-based section represented a borderline extraction/non-extraction scenario in which both
approaches were considered clinically defensible. The case-based section incorporated digitally
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modified intraoral photographs, an approach previously used in dental and orthodontic esthetic-
perception research [14–16]. The common diagnostic background represented a skeletal Class I
relationship, an acceptable mildly convex profile, a normodivergent vertical pattern, and moderate
crowding. The same profile silhouette, panoramic radiograph, lateral cephalometric information, midline
information, and crowding values were presented in all three scenarios (Fig. 1).

The localized maxillary intraoral appearance differed across cases. Case 1 retained an enamel defect on
the maxillary right first premolar, with premolars of similar size. In Case 2, the enamel defect was
removed and the gingival levels of the maxillary second premolars were displaced by approximately 2
mm. In Case 3, the enamel defect was removed and the maxillary second premolars were digitally
reduced to approximately 30% smaller area than the first premolars, corresponding to approximately 15%
reductions in width and height. The modifications were created in Adobe Photoshop using the same
canvas and resolution. Localized retouching and transform tools were used to alter the intended dental
or gingival regions, with minor edge blending to maintain a natural appearance; pixel-based
measurements were used to standardize the planned modifications.

Cases were presented in the fixed sequence Case 1, Case 2, and Case 3. Participants were told that they
would evaluate different intraoral photographs under the same non-intraoral diagnostic conditions but
were not informed that specific localized characteristics had been intentionally modified. This
represented partial disclosure intended to avoid revealing the study hypothesis [17]. The digitally
modified images and survey instrument were reviewed and approved by the institutional review board.
Survey wording was reviewed by the orthodontic investigators, in consultation with a psychiatrist
experienced in behavioral assessment, to reduce leading or hypothesis-revealing language; this was an
expert wording review rather than psychometric validation.

Case-based outcomes
For each case, participants rated the likelihood of using fixed buccal appliances, fixed lingual appliances,
and clear aligners on a 0–5 scale and then indicated whether they would treat with extraction, without
extraction, or were undecided.

Participants also selected the tooth to be extracted in each quadrant and, when non-extraction treatment
was selected, rated likely use of distalization, expansion, interproximal reduction, and proclination. For
each case, the same treatment-planning factors used in the general section were rated again. A priori
feature-consistent tooth selection was defined as selection of the maxillary right first premolar in Case 1
and selection of at least one maxillary second premolar in Cases 2 and 3.

Statistical analysis
Categorical variables were summarized as frequencies and percentages; ordinal and Likert-type
variables were summarized using means, standard deviations, medians, and interquartile ranges.
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Extraction responses were retained as extraction, non-extraction, or undecided for descriptive reporting.
Binary extraction analyses compared definitive extraction and non-extraction responses, with undecided
responses excluded; sensitivity analyses recoded undecided responses alternatively as extraction or
non-extraction.

Repeated binary outcomes across the three cases were assessed using Cochran Q tests, followed by
pairwise McNemar tests when an omnibus difference was present. Tooth-selection outcomes included
any maxillary second-premolar selection, bilateral maxillary second-premolar selection, and bilateral
maxillary first-premolar selection. An arch-by-case generalized estimating equation model assessed
whether changes in second-premolar selection differed between the maxillary and mandibular arches.
Spearman correlations assessed associations among ordinal variables; the Benjamini-Hochberg
procedure controlled the false discovery rate within the exploratory correlation family. Exploratory
correlations also examined relationships between general appliance-use intensity and reported use of
non-extraction space-gaining strategies.

GEE logistic regression models used a binomial distribution, logit link, exchangeable working correlation
structure, and robust sandwich standard errors to account for repeated responses within participants.
Models were restricted to clinically motivated predictors; automated stepwise selection was not used,
and age and orthodontic experience were not entered together because of collinearity. The extraction
model was based on 389 definitive case-level responses from 138 participants and included case, case-
specific appliance-preference scores, general extraction frequency, orthodontic experience, and weekly
patient volume. Odds ratios with 95% confidence intervals are reported.

The repeated extraction-decision analysis, repeated maxillary second-premolar selection analysis, and
pooled feature-consistent target-tooth model were prespecified principal analyses. Because the Case 1
target definition was not fully comparable with Cases 2 and 3, the pooled model is reported in the
Supplementary Information and interpreted cautiously. Appliance-preference models, individual feature-
rating associations, subgroup analyses, and other post hoc analyses were considered secondary or
exploratory. No global multiplicity correction was applied across clinically distinct model families.
Statistical analyses were performed in Python with a nominal two-sided alpha of 0.05.

Results
Among 138 participating orthodontists, 51 (37.0%) were aged 26–32 years and 47 (34.1%) reported 0–5
years of orthodontic experience; 38 (27.5%) had 6–10 years, 26 (18.8%) had 11–20 years, and 27
(19.6%) had at least 20 years of experience. Most participants worked in private practice (78/138,
56.5%), followed by university settings (56/138, 40.6%). Fixed buccal appliances predominated in general
practice, whereas lingual appliance use was limited. First premolars were the most commonly reported
usual extraction teeth in both arches (maxillary: 121/138, 87.7%; mandibular: 113/138, 81.9%). Profile,
midline, upper lip, and treatment stability received the highest general planning-priority ratings, while
interproximal reduction and expansion were the most preferred non-extraction space-gaining
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approaches. Participant characteristics and general treatment-planning preferences are summarized in
Online Resource Fig. S1.

Extraction, non-extraction, and undecided responses were 98/138 (71.0%), 34/138 (24.6%), and 6/138
(4.3%) in Case 1; 87/138 (63.0%), 41/138 (29.7%), and 10/138 (7.2%) in Case 2; and 92/138 (66.7%),
37/138 (26.8%), and 9/138 (6.5%) in Case 3 (Fig. 2a; Table 1). Among definitive responses, the omnibus
Cochran Q test was significant (p = 0.0116). The more pronounced between-case difference involved
tooth selection. Maxillary second-premolar selection increased from 7.2% in Case 1 to 19.6% in Case 2
and 31.2% in Case 3 (Cochran Q p < 0.001). Among 138 participating orthodontists, 51 (37.0%) were
aged 26–32 years and 47 (34.1%) reported 0–5 years of orthodontic experience; 38 (27.5%) had 6–10
years, 26 (18.8%) had 11–20 years, and 27 (19.6%) had at least 20 years of experience. Most
participants worked in private practice (78/138, 56.5%), followed by university settings (56/138, 40.6%).
Fixed buccal appliances predominated in general practice, whereas lingual appliance use was limited.
First premolars were the most commonly reported usual extraction teeth in both arches (maxillary:
121/138, 87.7%; mandibular: 113/138, 81.9%). Profile, midline, upper lip, and treatment stability received
the highest general planning-priority ratings, while interproximal reduction and expansion were the most
preferred non-extraction space-gaining approaches. Participant characteristics and general treatment-
planning preferences are summarized in Online Resource Fig. S1. Bilateral maxillary first-premolar
extraction decreased descriptively across cases (Fig. 2b; Table 1). Agreement between usual maxillary
extraction preference and the case-specific pattern was low and decreased across cases (kappa = 0.202,
0.175, and 0.126). The case-related difference in second-premolar selection was greater in the maxillary
than mandibular arch for both Case 2 versus Case 1 (interaction OR 2.43, 95% CI 1.34–4.40, p = 0.003)
and Case 3 versus Case 1 (interaction OR 3.93, 95% CI 2.10–7.36, p < 0.001) (Fig. 2c).

Table 1
Case-based extraction decisions and premolar-selection patterns across the three scenarios

Outcome Case 1, n
(%)

Case 2, n
(%)

Case 3, n
(%)

Overall
comparison

Extraction 98 (71.0) 87 (63.0) 92 (66.7) Cochran Q p = 
0.0116�

Non-extraction 34 (24.6) 41 (29.7) 37 (26.8) —

Undecided 6 (4.3) 10 (7.2) 9 (6.5) —

Bilateral maxillary first-premolar
extraction

84 (60.9) 61 (44.2) 48 (34.8) —

Bilateral maxillary second-premolar
extraction

4 (2.9) 23 (16.7) 38 (27.5) —

Any maxillary second-premolar
selection

10 (7.2) 27 (19.6) 43 (31.2) Cochran Q p < 
0.001

Any mandibular second-premolar
selection

12 (8.7) 15 (10.9) 17 (12.3) —
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� Cochran Q analysis compared definitive extraction and non−extraction responses; undecided responses were excluded. Counts and

percentages are based on all 138 participants unless otherwise indicated.

Case-specific appliance preference was associated with the extraction decision. Higher fixed buccal
preference scores were associated with higher odds of extraction (OR 1.95, 95% CI 1.36–2.80, p < 0.001),
whereas higher clear aligner preference scores were associated with lower odds (OR 0.66, 95% CI 0.50–
0.87, p = 0.003). After adding general appliance-use intensity, the associations remained similar (fixed
buccal: OR 1.79, 95% CI 1.20–2.66, p = 0.004; clear aligner: OR 0.66, 95% CI 0.50–0.87, p = 0.003)
(Table 2). In exploratory analyses, greater general clear-aligner use was positively associated with the
reported use of distalization and expansion, whereas greater fixed-buccal use showed inverse
associations with both strategies (Supplementary Tables). Sensitivity analyses using alternative handling
of undecided responses and either age or experience for adjustment produced similar directions of
association.

Table 2
GEE estimates for appliance-preference associations with definitive extraction treatment

Model Predictor OR (95% CI) p
value

Primary extraction-decision model Case-specific fixed buccal
score

1.95 (1.36–
2.80)

< 
0.001

  Case-specific clear aligner
score

0.66 (0.50–
0.87)

0.003

  Case-specific lingual score 1.16 (0.78–
1.73)

0.466

Model including general appliance
use

General fixed buccal use 0.99 (0.51–
1.91)

0.976

  General clear aligner use 1.30 (0.66–
2.56)

0.447

  Case-specific fixed buccal
score

1.79 (1.20–
2.66)

0.004

  Case-specific clear aligner
score

0.66 (0.50–
0.87)

0.003

GEE, generalized estimating equation; OR, odds ratio; CI, confidence interval. Models used a binomial distribution with logit link,

exchangeable working correlation structure, and robust sandwich standard errors. ORs for appliance scores represent a one−unit increase

in the corresponding ordinal score. The primary model was additionally adjusted for case, general extraction frequency, orthodontic

experience, and weekly patient volume. The model including general appliance use additionally included general fixed−buccal and

clear−aligner use−intensity scores.

General planning-factor scores were positively correlated with corresponding case-specific ratings, most
consistently for treatment stability, midline, and crown morphology/size and most weakly for enamel
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defects (Fig. 3a; Supplementary Table). Case-specific gingival-level rating in Case 2 was associated with
maxillary second-premolar selection (rho = 0.268, p = 0.0016; OR 1.58, 95% CI 1.13–2.21, p = 0.008) but
not with the extraction decision (rho = 0.131, p = 0.142). In Case 3, crown morphology/size showed the
strongest association with maxillary second-premolar selection (rho = 0.453, p < 0.001; OR 2.21, 95% CI
1.49–3.28, p < 0.001) (Fig. 3b). In Case 1, enamel-defect rating was associated with selection of the
maxillary right first premolar (rho = 0.325, p = 0.0001; OR 1.51, 95% CI 1.16–1.97, p = 0.002), but
asymmetric extraction of the affected tooth was uncommon and no right-left asymmetry was detected
(McNemar p = 0.508).

Sex, age category, private-practice setting, and orthodontic experience were not independently
associated with definitive extraction decisions or maxillary second-premolar selection. Higher weekly
patient volume was associated with lower odds of maxillary second-premolar selection (OR 0.34, 95% CI
0.18–0.62, p < 0.001); this and other subgroup findings were exploratory and are reported in the
Supplementary Information rather than emphasized in the main analysis. Additional analyses are
provided in the Supplementary Tables.

Discussion
This study captured both general and case-specific aspects of orthodontic treatment planning. At the
general-practice level, fixed buccal appliances predominated, first premolars were the usual extraction
teeth, and profile, midline, lip position, and treatment stability received the greatest emphasis. Within the
case-based section, extraction versus non-extraction decisions varied relatively little across the three
scenarios, whereas the more pronounced change involved which premolar was selected. In particular,
maxillary second-premolar selection increased in Cases 2 and 3 without a comparable change in the
mandibular arch. These findings support considering the decision whether to extract and the subsequent
choice of which tooth to remove as related but distinct components of borderline orthodontic treatment
planning.

The broader extraction literature has shown that extraction versus non-extraction treatment may be
associated with different dentoalveolar and soft-tissue outcomes, particularly in borderline Class I
patients [8, 9, 18]. In the present study, however, first-premolar extraction remained the predominant
pattern in every scenario. This is consistent with previous work showing that first premolars remain the
most frequently selected extraction teeth and that crowding, incisor position, and soft-tissue
considerations contribute importantly to extraction planning [1, 8, 19]. The localized intraoral
characteristics therefore did not replace the broader diagnostic framework. Rather, the principal case-
related change occurred within an otherwise relatively stable extraction pattern. This is clinically
plausible in borderline cases, where more than one treatment approach may be defensible and inter-
clinician variation in treatment decisions has previously been reported [12, 13]

The clearest case-related shift involved increasing selection of the maxillary second premolars. The
absence of a comparable mandibular change is consistent with the fact that the modified characteristics
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were localized to the maxillary arch. Clinically, the choice between first- and second-premolar extraction
may incorporate tooth morphology, soft-tissue objectives, space requirements, anchorage demands, and
anticipated treatment stability [3, 5, 20]. In Case 2, greater weighting of gingival level was associated
with maxillary second-premolar selection but not with the overall extraction decision. In Case 3, crown
morphology/size showed the strongest association with maxillary second-premolar selection. Together,
these findings suggest that localized dental characteristics may be more relevant to refinement of tooth
selection than to the preceding decision of whether extraction is indicated.

The three localized characteristics should not, however, be interpreted as directly comparable effects.
Previous dental and orthodontic esthetic-perception studies have shown that clinicians respond to
digitally altered gingival relationships, crown dimensions, and dental asymmetries [14–16]. The present
study, however, addressed treatment planning rather than esthetic perception alone. In addition, the
modifications differed in magnitude, and the scenarios were not created by adding equivalent isolated
changes to a single identical intraoral baseline. The larger shift observed in Case 3 therefore should not
be interpreted as evidence that crown-size discrepancies are intrinsically more influential than gingival or
enamel findings. Case 1 also requires cautious interpretation: although enamel-defect rating was
associated with selection of the affected maxillary right first premolar, asymmetric extraction of that
tooth was uncommon and no right-left asymmetry was detected. Thus, this finding is better interpreted
as correspondence between case-specific feature weighting and tooth selection than as evidence of a
distinct defect-driven asymmetric extraction strategy.

The relationship between general and case-specific planning-factor ratings provides another perspective
on this decision process. General priorities emphasized profile, midline, lip position, and treatment
stability, whereas localized dental characteristics received lower overall ratings. Nevertheless, when
gingival level or crown morphology/size was rated as more important within an individual scenario, the
corresponding rating was associated with tooth selection. General treatment priorities and case-specific
assessments therefore appear to capture related but not interchangeable aspects of clinical planning.
Because feature ratings and treatment decisions were obtained during the same case assessment,
these associations may represent case-specific weighting of the localized characteristic, post-decision
rationalization, or a combination of both. The present design cannot establish the direction of this
relationship.

Case-specific appliance preference represented another dimension of planning. Higher fixed buccal
preference scores were associated with greater odds of extraction, whereas higher clear aligner
preference scores were associated with lower odds, indicating a greater tendency toward non-extraction
planning among participants who favored clear aligners for a given case. This interpretation was also
consistent with the exploratory general-practice findings in the present survey: greater clear-aligner use
was associated with more frequent use of distalization and expansion, whereas greater fixed-buccal use
showed inverse associations with both strategies.
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One possible explanation is that clinicians consider the biomechanical demands of extraction-space
closure when selecting an appliance. Survey data indicate that orthodontists regard root movement and
translation as among the more challenging movements with clear aligners and that clinicians are more
selective about using aligners for biomechanically demanding treatment [21]. Systematic reviews have
likewise identified limitations in the predictability of some tooth movements with clear aligners [11], and
more recent evidence specifically examining premolar-extraction space closure has reported less-than-
planned anterior retraction, unwanted tipping, and limitations in bodily movement and anchorage control
[22]. These considerations may partly explain why clinicians favoring clear aligners were more likely to
choose non-extraction approaches when such treatment was clinically defensible. This should not be
interpreted as an effect of the appliance itself, however. Appliance preference may also reflect broader
treatment philosophy, familiarity with extraction mechanics, or preferred space-gaining strategies.
Because participants were not asked why they selected a particular appliance, the biomechanical
explanation remains a plausible interpretation rather than a mechanism demonstrated by the present
data.

Several limitations should be considered. Cases were presented in a fixed order, so order or contrast
effects cannot be excluded. Although order effects cannot be excluded, the relatively stable mandibular
second-premolar selection across cases argues against a uniform sequence-related shift toward
second-premolar extraction. The localized characteristics were not introduced against an identical
intraoral baseline across all scenarios, and the magnitude of the image modifications differed. Between-
case differences therefore cannot be attributed exclusively to a single modified characteristic. No formal
manipulation check was performed, so the extent to which participants consciously recognized each
intended modification is unknown. A formal response rate could not be calculated because the exact
number of orthodontists who received or opened the invitation was unavailable, and self-selection may
have influenced the participating sample. Finally, the findings represent responses to standardized
digital scenarios rather than observed treatment decisions in routine clinical practice.

Despite these limitations, the findings suggest that borderline orthodontic treatment planning may be
better understood as a series of related decisions rather than as a single extraction preference. General
practice patterns provided the clinician-level background, whereas the standardized cases revealed case-
specific adjustments in appliance preference, extraction planning, and tooth selection. The most
consistent distinction was that localized intraoral characteristics were more closely associated with
which tooth was selected, whereas case-specific appliance preference was more closely associated with
the broader extraction versus non-extraction decision. Future studies using randomized or
counterbalanced case presentation, a common intraoral baseline, and prospectively calibrated feature
modifications could examine this distinction more directly.

Conclusions
This survey showed a general preference for first-premolar extraction alongside case-specific variation in
treatment planning. Localized intraoral characteristics were more closely associated with which tooth
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was selected for extraction than with whether extraction was chosen. Higher clear aligner preference
was associated with non-extraction planning, whereas higher fixed buccal preference was associated
with extraction planning. Gingival-level and crown-size characteristics were also associated with greater
selection of maxillary second premolars. Overall, extraction decision, tooth selection, and appliance
preference appear to represent related but distinct components of treatment planning in borderline
orthodontic cases.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval

The study protocol, including the survey instrument and digitally modified case images, was approved by
IRB (25-3.1T/83).

Consent for publication

Not applicable.

Generative AI disclosure
After manuscript preparation, the authors used ChatGPT (OpenAI) to assist with language editing and
grammar checking. The authors critically reviewed and verified all AI-assisted content and take full
responsibility for the final manuscript.

Funding
The authors received no funding for this study.

Author Contribution
E.C.F. contributed to the conceptualization and design of the study, development of the survey and case
materials, data collection, data analysis and interpretation, preparation of figures and tables, and drafting
of the manuscript. K.K. contributed to the study methodology, review and refinement of the survey
instrument, interpretation of the findings, and critical revision of the manuscript. A.M.E. contributed to
the study conception and methodology, interpretation of the findings, supervision, and critical revision of
the manuscript. S.A. contributed to the study conception and methodology, interpretation of the findings,

Page 12/17



supervision, and critical revision of the manuscript. All authors reviewed and approved the final
manuscript.

Data Availability
The data that support the findings of this study are available from the corresponding author upon
reasonable request.

References
1. Proffit WR, Fields H, Larson B, Sarver DM (2018) Contemporary orthodontics-e-book: contemporary

orthodontics-E-Book. Elsevier Health Sciences

2. Mapare S, Mundada R, Karra A, Agrawal S, Mahajan SB, Tadawalkar A (2021) Extraction or
nonextraction in orthodontic cases: a review. J Pharm Bioallied Sci 13:S2–S5

3. Araújo TM, Caldas LD (2019) Tooth extractions in Orthodontics: first or second premolars? Dent
Press J Orthod 24:88–98. 10.1590/2177-6709.24.3.088-098.bbo

4. Redahan S, Lagerström L (2003) Orthodontic treatment outcome: the relationship between anterior
dental relations and anterior inter-arch tooth size discrepancy. J Orthod 30:237–244.
10.1093/ortho/30.3.237

5. Omar Z, Short L, Banting DW, Saltaji H (2018) Profile changes following extraction orthodontic
treatment: A comparison of first versus second premolar extraction. Int Orthod 16:91–104.
10.1016/j.ortho.2018.01.017

6. Tom K, Mancl L, Woloshyn H, Khosravi R, Bollen AM (2024) Association between crowding
estimation and extraction recommendations in orthodontics. Am J Orthod Dentofac Orthop 165:64–
72e12. 10.1016/j.ajodo.2023.07.012

7. Patrick T, Stickrath K, Christensen J, Jacox L, Mitchell K (2024) Second molar eruption disturbances
in borderline extraction orthodontic patients. Am J Orthod Dentofac Orthop 166:433–444.
10.1016/j.ajodo.2024.06.016

8. Konstantonis D, Anthopoulou C, Makou M (2013) Extraction decision and identification of treatment
predictors in Class I malocclusions. Prog Orthodont 14:47

9. Elias KG, Sivamurthy G, Bearn DR (2024) Extraction vs nonextraction orthodontic treatment: a
systematic review and meta-analysis. Angle Orthod 94:83–106. 10.2319/021123-98.1

10. Alhafi ZM, Hajeer MY, Alam MK, Jaber ST (2025) Quality and stability of orthodontic treatment
outcomes with clear aligners versus fixed appliances: a systematic review and meta-analysis. Eur J
Orthod 47. 10.1093/ejo/cjaf091

11. Papadimitriou A, Mousoulea S, Gkantidis N, Kloukos D (2018) Clinical effectiveness of Invisalign®
orthodontic treatment: a systematic review. Prog Orthod 19:37. 10.1186/s40510-018-0235-z

Page 13/17



12. Saghafi N, Heaton LJ, Bayirli B, Turpin DL, Khosravi R, Bollen AM (2017) Influence of clinicians'
experience and gender on extraction decision in orthodontics. Angle Orthod 87:641–650.
10.2319/020117-80.1

13. Baelum V, Borchorst E, Buch H, Dømgaard P, Hartig LE (2012) Inter-examiner variability in
orthodontic treatment decisions for Danish children with 'borderline' treatment need. Eur J Orthod
34:250–256. 10.1093/ejo/cjq195

14. Kokich VO Jr., Kiyak HA, Shapiro PA (1999) Comparing the perception of dentists and lay people to
altered dental esthetics. J Esthet Dent 11:311–324. 10.1111/j.1708-8240.1999.tb00414.x

15. Kokich VO, Kokich VG, Kiyak HA (2006) Perceptions of dental professionals and laypersons to
altered dental esthetics: asymmetric and symmetric situations. Am J Orthod Dentofac Orthop
130:141–151. 10.1016/j.ajodo.2006.04.017

16. Al Taki A, Khalesi M, Shagmani M, Yahia I, Al Kaddah F (2016) Perceptions of Altered Smile
Esthetics: A Comparative Evaluation in Orthodontists, Dentists, and Laypersons. Int J Dent
2016:7815274. 10.1155/2016/7815274

17. Akuma I, Vaswani V (2025) Exploring Partial Disclosure in Research: Challenges, Justifications, and
Recommendations for Ethical Oversight. Asian Bioeth Rev 17:21–41. 10.1007/s41649-024-00311-7

18. Konstantonis D (2012) The impact of extraction vs nonextraction treatment on soft tissue changes
in Class I borderline malocclusions. Angle Orthod 82:209–217. 10.2319/051911-339.1

19. Benson PE, Alshawy E, Fenton GD, Frawley T, Misra S, Ng T, O'Malley P, Smith G (2023) Extraction vs
nonextraction of premolars for orthodontic treatment: A scoping review examining the extent, range,
and characteristics of the literature. Am J Orthod Dentofac Orthop 164:368–376.
10.1016/j.ajodo.2023.02.009

20. Janson G, Rizzo M, Valerio MV, Oyonarte R, Garib D (2022) Stability of first and second premolars
extraction space closure. Am J Orthod Dentofac Orthop 162:367–373. 10.1016/j.ajodo.2021.04.027

21. Abu-Arqub S, Ahmida A, Godoy LDC, Kuo C-L, Upadhyay M, Yadav S (2023) Insight into clear aligner
therapy protocols and preferences among members of the American Association of Orthodontists
in the United States and Canada. Angle Orthod 93:417–426

22. Vicioni-Marques F, Reis CLB, de Almeida APV, de Melo LPMP, Romano FL, Matsumoto MAN, Stuani
MBS (2025) Space closure after premolar extraction using clear aligners: a systematic review with
meta-analysis. Clin Oral Invest 29:435

Figures

Page 14/17



Figure 1

Standardized diagnostic background and localized maxillary intraoral characteristics. (A) Common
diagnostic background shared across all scenarios. (B) Case 1 retained an enamel defect on the
maxillary right first premolar. (C) Case 2 had the enamel defect removed and altered gingival levels of the
maxillary second premolars. (D) Case 3 had the enamel defect removed and reduced maxillary second-
premolar crown dimensions
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Figure 2

Case-based treatment decisions. (a) Extraction, non-extraction, and undecided responses across cases.
(b) Maxillary extraction-tooth patterns across cases. (c) Maxillary and mandibular second-premolar
selection across cases
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Figure 3

Case-specific planning-factor ratings and feature-consistent tooth selection. (a) Spearman correlations
between general and corresponding case-specific planning-factor ratings. (b) Mean case-specific target-
feature ratings according to feature-consistent tooth selection
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