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Main Points
Mandibular incisor extraction treatment was associated with reductions in mandibular intercanine width and Bolton ratios.
Overbite decreased significantly after treatment.
Careful assessment of Bolton ratios and coordination of maxillary and mandibular arch dimensions may help optimize the final occlusal relationship in
patients treated with mandibular incisor extraction.

ABSTRACT

Objective: To evaluate treatment-related changes in tooth widths, ratios, and dental arch changes in patients treated with mandibular incisor
extraction treatment (MIET).

Methods: Pre- (T1) and post-treatment (T2) digital dental casts of 24 patients (13 female, 11 male; mean age: 16.58+3.81 years) who underwent
MIET were examined. Mesiodistal tooth widths, transverse dental arch widths, overjet, and overbite were measured, and the Bolton ratios
were calculated using OrthoCAD software. Pre- and post-treatment values were compared. Correlations between post-treatment overjet and
related parameters were analyzed.

Results: Mesiodistal widths of the maxillary incisors decreased from T1 to T2, with a statistically significant decrease in the upper right lateral
(-0.18+0.32 mm, p=0.010) and upper left central incisors (-0.20+0.36 mm, p=0.011). Mandibular intercanine width decreased (-2.56+3.39
mm; p<0.001), whereas maxillary and mandibular interpremolar width (2.91£2.06 mm, p<0.001; 1.57+2.68 mm, p=0.008) and mandibular
intermolar width (1.09+£1.94 mm, p=0.013) increased significantly. Overbite (-1.00+1.52 mm, p=0.004), the anterior Bolton ratio (-10.51+£2.40%,
p<0.001), and the overall Bolton ratio (-4.89+1.83, p<0.001) decreased during treatment. Post-treatment overjet was negatively correlated with
the pre-treatment anterior and overall Bolton ratios and positively correlated with the pre-treatment arch length, the difference in intercanine
width (T2-T1), and the pre-treatment overbite.

Conclusion: MIET caused a decrease in mandibular intercanine width and the anterior Bolton ratio, despite the interproximal reduction
performed on the upper incisors. Given the potential consequences of these results on anterior and canine guidance, greater interproximal
reduction in the maxilla and close attention to the torque and final positions of the mandibular canines may be recommended.
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INTRODUCTION

Since the idea of gaining space through extractions in
orthodontic treatment emerged, various extraction sequences
have been performed and their results have been reportedin the
literature. Among these methods, mandibular incisor extraction
treatment (MIET) was first introduced by Hahn' in 1942, and has
been been established as a treatment option for lower anterior
crowding cases, one of the most common reasons for seeking
orthodontic treatment.?? It is particularly indicated in patients
with an Angle Class | molar relationship, severe lower anterior
crowding, and a Bolton discrepancy, or in cases with an edge-
to-edge incisor relationship that show a tendency toward an
anterior crossbite or an anterior open bite.>”

The potential advantages of MIET include limited changes
in the positions of remaining teeth and, consequently, more
stable long-term results; a quick solution for lower anterior
dental crowding requiring less effort; and fewer changes in the
facial profile compared with premolar extraction protocols.®'?
Although MIET was more frequently performed in the past,
its use has declined over time and has been reported to be
included in only 1-6% of orthodontic treatment plans.5'
This may be attributed to undesirable outcomes of MIET,
such as increased overjet, mesialization of the lower canines,
disruption of canine guidance during lateral movements, and
esthetic and functional concerns associated with the absence
of a mandibular incisor.

Kokich and Shapiro® emphasized the importance of
performing a careful diagnostic setup before deciding to
extract a mandibular incisor. In such cases, Bolton’s tooth-size
analysis' guides onrthodontists in detecting dimensional
discrepancies between maxillary and mandibular teeth and
helps to determine which tooth should be extracted to achieve
the ideal treatment outcome or which changes in tooth
position can prevent undesirable outcomes. Several strategies
have been proposed to optimize occlusal relationships after
mandibular incisor extraction. These include palatal crown
torque of the maxillary canines and buccal crown torque
with distal angulation of the mandibular canines to establish
appropriate canine guidance. Interproximal reduction (IPR) of
the maxillary incisors has also been recommended to control
increases in overjet. When IPR is limited by tooth morphology,
compensatory changes in incisor angulations, such as buccal
inclination of the mandibular incisors and palatal inclination of
the maxillary incisors, may be considered.”'>16

Despite its potential advantages, MIET may resultin unfavorable
changes in dental arch and occlusal relationships. Therefore,
careful case selection and appropriate compensatory
adjustments are essential to minimize these effects while
addressing patient expectations and functional requirements.
Previous studies on MIET have mostly consisted of case reports,
papers addressing esthetic concerns, and reviews evaluating
current scientific opinions. To date, no studies have investigated
changes in dental arch and tooth dimensions on digital dental
casts before and after lower incisor extraction.
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Therefore, the aim of this study was to evaluate changes in
digital dental models before (T1) and after (T2) orthodontic
treatment with mandibular incisor extraction. Specifically
changes in mesiodistal (MD) tooth dimensions, transverse
dental arch widths, Bolton ratios, overjet, and overbite were
assessed, together with the relationships between post-
treatment overjet and relevant dental parameters. The
hypothesis (H1) of the study was that mandibular incisor
extraction treatment would lead to significant changes in
dental and arch parameters between T1 and T2, and that
significant correlations would exist between post-treatment
overjet and the evaluated dental variables.

METHODS

Ethical approval for this retrospective study was obtained from
the Gazi University Ethical Committee (approval no: 2022-179,
date: 08.02.2022). The study used pre- and post-treatment
digital dental models of patients who underwent MIET at
the Department of Orthodontics, Gazi University Faculty of
Dentistry between 2010 and 2023. Patients with complete
pre- and post-treatment records who had no restorations on
the contact surfaces of their teeth before or during orthodontic
treatment were included; this absence was confirmed by their
pre- and post-treatment panoramic radiographs. Patients
were excluded if they had undergone previous orthodontic
treatment; had teeth other than mandibular incisors or third
molars extracted before or during treatment; or had systemic
diseases or craniofacial syndromes that could affect tooth or
dental arch dimensions. Since the study was retrospective
and based on existing orthodontic records, written informed
consent for the use of anonymized records was obtained from
the patients and/or their legal guardians at the beginning of
treatment.

Patients were treated by orthodontic residents under the
supervision of faculty members. All patients were treated
with Roth-prescription fixed appliances with 0.018-inch slots.
All teeth, including the second molars, were bonded, and
similar archwire sequences were used throughout treatment.
Debonding was performed after a 2-month stabilization period
using a 0.017x0.025-inch stainless-steel archwire. Patients who
required additional extractions during treatment or whose
records could confound the measurements were excluded.

Because this study relied on measurements made on digital
dental models, patient records with dental casts fulfilling the
following criteria were included for further evaluation:

+ Presence of high-quality pre- and post-treatment plaster
models with intact structural integrity;

« Complete dentition, except for third molars and the
extracted mandibular incisor in the post-treatment model,
with all teeth fully erupted and crown dimensions clearly
measurable;
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« Absence of fractures, air bubbles, or excess plaster particles
on the tooth surfaces that could affect size measurements.

The final study group comprised the pre- and post-treatment
dental casts of 24 patients (13 female, 11 male; mean
chronological age: 16.58+3.81 years) treated with MIET. The
plaster models were scanned using an intraoral scanner (iTero
Element 2, Align Technology, San Jose, CA, USA), converted into
a digital format, and imported into model analysis software
(OrthoCAD software version 4.5, Align Technology, San Jose,
CA, USA).The landmarking procedure was standardized prior to
measurement as follows: anatomical landmarks were manually
identified by a single examiner (BAA), and the corresponding
linear measurements and Bolton calculations (described
below) were automatically generated by the software.

Mesiodistal tooth widths: For the incisors and canines,
mesiodistal width was measured as the greatest distance
between the mesial and distal aspects of the crown. For the
premolars and first molars, MD width was measured between
the most mesial and distal contact points in the occlusal
view (Figure 1). Mandibular incisors were excluded from the
tooth-width comparison because the extraction of a single
mandibular incisor resulted in non-uniform, insufficient tooth-
specific sample sizes.

Transverse dental arch widths: Intercanine, interpremolar, and
intermolar widths were measured as the distances between the
cusp tips of the right and left canines; the buccal cusp tips of
the first premolars; and the mesiobuccal cusp tips of the right
and left first molars were recorded as intercanine, interpremolar
and intermolar widths, respectively (Figure 2).

Overjet: Overjet was measured as the sagittal distance between
the most prominent maxillary and mandibular incisors
(Figure 3).

Overbite: The vertical distance between the incisal edges of
the most prominent maxillary and mandibular incisors was
recorded as overbite (Figure 3).
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The following additional parameters obtained from the model
analysis software were also utilized in this study:

Required arch length: Calculated as the sum of the MD widths
of the incisors, canines, and premolars.

Available arch length: Measured as the distance from the
mesial surface of the first molar to the canine, and from the
canine to the midline of the incisors, with the right and left
values summed.

Space analysis: Calculated by subtracting the required arch
length from the available arch length.

Anterior Bolton ratio: Defined as the sum of the MD widths
of the mandibular anterior teeth (canine-to-canine) divided by
that of the maxillary anterior teeth, multiplied by 100.

Overall Bolton ratio: Defined as the sum of the MD widths of
the mandibular teeth divided by that of the maxillary teeth,
excluding the second and third molars, multiplied by 100.

Statistical Analysis

The required sample size was determined using a power
analysis based on the study by Germec-Cakan et al.” To
achieve 80% statistical power with a significance level of
0=0.05, a minimum of 19 patients was required. Consequently,
24 patients meeting the inclusion criteria were enrolled in the
study, thereby exceeding the required sample size.

To assess intra-examiner reliability, the same researcher
repeated all measurements on the complete dataset one
month after the initial measurements. Values ranged from
0.663 to 0.993, indicating moderate to excellent intra-examiner
reliability according to the interpretation criteria proposed
by Koo and Li."® Pre- and post-treatment measurements were
compared to evaluate treatment-related changes in tooth
dimensions, transverse dental arch widths, space parameters,
Bolton ratios, overjet, and overbite. Correlation analyses were
performed specifically to investigate the relationships between
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Figure 1. Determination of tooth widths and Bolton’s ratios on digital dental models.
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Figure 2. Arch width analysis on digital dental models.

post-treatment overjet and the evaluated dental and arch
parameters, given the clinical relevance of increased overjet as
a potential consequence of MIET.

Descriptive statistics were presented as mean + standard
deviation for continuous variables and median (minimum-
maximum) values. The distribution of the data was assessed
before selecting the appropriate statistical analysis. To compare
pre- and post-treatment changes in maxillary and mandibular
teeth and arch widths, and in overjet and overbite values, paired
t-tests were used for normally distributed data, while Wilcoxon
signed-rank tests were applied for non-normally distributed
data. Correlations between overjet, overbite, and arch widths
and pre- and post-treatment changes were assessed using
Pearson correlation coefficients for normally distributed
data and Spearman correlation coefficients for non-normally
distributed data. Statistical significance was set as p<0.05. All
statistical analyses were performed using SPSS for Windows
(version 11.5; SPSS Inc., Chicago, IL, USA).

RESULTS

Evaluation of Pretreatment Models (T1)

The study group comprised 24 patients (13 female, 11 male)
with a mean age of 16.58+3.81 years. At pre-treatment (T1),
the mean maxillary and mandibular crowding values were
-2.38+2.46 mm and -5.60£1.29 mm, respectively. The mean
pre-treatment overjet was 3.19+1.73 mm, and the mean pre-
treatment overbite was 3.02+1.89 mm. The pre-treatment
anterior and overall Bolton ratios were 79.07+3.13% and
92.14£2.16%, respectively.

Regarding the distribution of extracted mandibular incisors,
the mandibular right central incisor was extracted in 4 patients,
theright lateral incisor in 1, the left central incisor in 14, and the
left lateral incisor in 5 patients.

Figure 3. Overjet and overbite analysis on digital dental models.

Treatment-Related Changes (T2-T1)

The MD width of the maxillary incisors decreased from T1 to
T2; however, the reductions were statistically significant only
for the maxillary right lateral incisor (-0.18+0.31, p=0.010) and
left central incisor (-0.20+0.35, p=0.011) (Table 1). Regarding
the mandibular teeth, the incisors could not be evaluated due
to an insufficient sample size resulting from the extractions.
However, a significant decrease in the MD dimensions of
left canine (-0.17£0.31, p=0.012), right canine (-0.15+0.47,
p=0.032), and left first premolar (-0.16+0.28, p=0.010) was
observed (Table 1). As an expected consequence of the
treatment modality, the Bolton anterior (-10.51£2.40, p<0.001)
and overall (-4.89£1.83, p<0.001) ratios significantly decreased
during treatment (Table 2).

Regarding transversal maxillary arch dimensions, intercanine
and intermolar widths showed small, non-significant
increases of 0.49+1.79 mm (p=0.193) and 0.62+1.86 mm
(p=0.117), respectively. In contrast, maxillary interpremolar
width increased significantly by 2.90+2.06 mm (p<0.001).
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Conversely, intercanine width in mandible showed a significant
decrease (-2.55%3.39, p<0.001), while the interpremolar and
intermolar widths increased significantly (1.57+2.68, p=0.008;
1.09+1.93, p=0.013, respectively) (Table 3).

Overjet and overbite decreased during treatment, but only
the change in overbite was statistically significant (-0.99+1.51,
p=0.004) (Table 4).

Correlations Related to Achieved Post-Treatment Overjet

The Bolton anterior ratio at T1 (r=-0.522, p=0.009) and at T2
(r=-0.670, p<0.001), and the overall ratio at T2 (r=-0.657,
p<0.001), were strongly negatively correlated with overjetatT2.

A positive correlation was found between the sum of MD width
of all maxillary (6-6) teeth (r=-0.453, p=0.026), anterior maxillary
(3-3) teeth (r=-0.494, p=0.014) at T2 and post-treatment overjet.

On the other hand, the maxillary interpremolar width at T1
was positively correlated with overjet at T2 (r=0.437, p=0.033).
A positive correlation was also detected between the change
in mandibular intercanine width (T2-T1) and post-treatment
overjet (r=0.464, p=0.022).

Furthermore, overbite at T1 (r=0.447, p=0.029) and at T2
(r=0.517, p=0.010) were positively correlated with overjet at T2.

Table 1. Pre- and post-treatment changes in widths of maxillary teeth (mm)

Tooth number Pre-treatment Post-treatment Difference

11 8.72+0.45 8.57+0.49 -0.15+0.38 0.072
12 6.76+0.44 6.58+0.46 -0.18+0.31 0.010
13 7.94+0.30 7.84+0.43 -0.10+0.36 0.192
14 7.16+0.46 7.14+0.49 -0.02+0.26 0.702
15 7.04+0.33 7.08+0.35 0.04+0.19 0.176
16 10.75+£0.41 10.71£0.43 -0.03+0.42 0.669
21 8.69+0.47 8.49+0.50 -0.20+0.35 0.011
22 6.63+0.44 6.52+0.39 -0.10+0.32 0.112
23 7.77+0.36 7.81+0.49 0.04+0.31 0.523
24 7.10+0.38 7.00+0.46 -0.10+0.39 0.166
25 7.01+0.37 6.93+0.37 -0.07+0.34 0.276
26 10.71+0.40 10.58+0.43 -0.12+0.34 0.088
Statistical significance was set at p<0.05, values are presented as mean + standard deviation. All measurements were calculated from the complete sample of 24
patients.

Table 2. Pre- and post-treatment changes in Bolton's ratios

Bolton'’s ratio Pre-treatment Post-treatment Difference
Anterior ratio (%) 79.07+3.13 68.56+2.84 -10.51+2.40 <0.001
Total ratio (%) 92.14+2.16 87.25+2.01 -4.89+1.83 <0.001

Statistical significance was set at p<0.05.

Table 3. Pre- and post-treatment changes in maxillary and mandibular arch widths

Pre-treatment Post-treatment Difference

Intercanine 34.49+1.97 34.98+1.49 0.49+1.79 0.193
Maxilla Interpremolar 40.67+2.35 43.58+1.55 2.90+2.06 <0.001

Intermolar 50.30£2.12 50.92+1.55 0.62+1.86 0.117

Intercanine 25.31+1.78 22.75+3.27 -2.55+3.39 <0.001
Mandible Interpremolar 31.86+2.93 33.44£1.19 1.57+£2.68 0.008

Intermolar 42.42+2.26 43.51+1.32 1.09+1.93 0.013
Statistical significance was set at p<0.05.

Table 4. Pre- and post-treatment changes in overjet and overbite

Pre-treatment Post-treatment Difference
Overjet 3.19+1.73 2.85+1.15 -0.34+1.99 0.951
Overbite 3.02+1.89 2.02+1.13 -0.99+1.51 0.004

Statistical significance was set at p<0.05.
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DISCUSSION

Mandibular incisor extraction treatment offers successful and
stable outcomes when performed with appropriate indications
and treatment planning.>’®However, extraction of asingle lower
anterior tooth may lead to undesirable occlusal and periodontal
consequences, including compromised canine guidance,
development of open gingival embrasures, and reopening
of the extraction space. These issues can leave aesthetic and
periodontal sequelae after the treatment is completed.*'>”
A better understanding of the dental and arch changes
associated with MIET may therefore facilitate appropriate
case selection and help to minimize unfavorable treatment
outcomes. Being aware of potential challenges encountered
during treatment and taking precautions at the outset can give
clinicians greater confidence and facilitate addressing patients’
concerns regarding extractions in the aesthetic zone. Based on
this rationale, the present study aimed to determine the dental
arch changes in patients treated with MIET using digital dental
models and to explain interrelated parameters. The findings
partially supported the study hypothesis, demonstrating
significant treatment related changes in several dental and
arch parameters, as well as significant correlations between
post-treatment overjet and selected dental variables.

The present study was based on measurements obtained
from digital dental models. Previous studies have reported
that digital orthodontic models provide clinically acceptable
accuracy and reliability for tooth-width, Bolton ratio, and
dental arch measurements compared to conventional plaster
models.**% Additionally, the intraoral scanner and OrthoCAD
system have been shown to provide clinically acceptable
accuracy, reliability, and reproducibility for measuring tooth
widths and calculating Bolton ratios.?* Therefore, the use of
digital models and OrthoCAD software in this study can be
considered appropriate for the evaluated linear measurements.

An increase in overjet is one of the most common outcomes
of MIET, as extensively documented in the literature *#91°
Interproximal reduction of the maxillary incisors has been
recommended as one strategy to compensate for the tooth-
size discrepancy created by mandibular incisor extraction
and to limit an increase in overjet.>" In the present study,
the MD widths of the teeth were measured at T1 and T2,
revealing a decrease in the MD widths of the maxillary
incisors. This finding demonstrates that the literature-based
recommendation was implemented; this implementation
may also explain the observed decrease in overjet at T2. For
IPR applications, teeth with a triangular structure and high
enamel thickness-particularly those that widen toward the
incisal edge-are recommended.’® However, IPR may be limited
by individual tooth morphology and enamel thickness. In
such cases, compensatory changes in incisor inclination have
been suggested as an alternative strategy for controlling the
tendency toward increased overjet following mandibular
incisor extraction.”’® The decrease in overbite observed at the
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end of treatment may reflect treatment-related dentoalveolar
changes; however, since cephalometric evaluation was
not performed, these changes could not be examined
radiographically, which represents a limitation of our study.

Dacre”® reported a reduction in mandibular intercanine
width during MIET, as the mandibular anterior teeth were
aligned. A similar pattern was observed in the present study,
however, no significant change was observed in the maxillary
intercanine distance. In contrast, maxillary interpremolar
width and mandibular interpremolar and intermolar widths
increased significantly from T1 to T2. While some studies have
suggested that MIET can contribute to long-term stability by
preserving arch form,'72%% the transverse changes observed in
the present sample indicate that arch form was not completely
preserved during treatment. Given that preformed archwires
are shaped according to the standard symmetrical incisor
number, it is critical to pay attention to arch forms during
lower incisor extraction treatment. However, the dimensions
and shapes of the archwires used were not directly assessed
in this retrospective study; therefore, their contribution to the
observed transverse changes remains speculative.

Bolton’s tooth size discrepancy analysis serves as a guide for
orthodontists in correctly identifying indications for MIET and
selecting the appropriate incisor for extraction.' lleri et al.?
stated that cases with a Bolton anterior ratio of 81.7+4.5% were
suitable for MIET. In the present study, the anterior ratio was
79.07£3.13%, which is consistent with this finding. However, it
must be emphasized that a Bolton analysis performed following
mandibular incisor extraction cannot be interpreted in the
same manner as a conventional Bolton analysis performed
on a complete mandibular anterior dentition; the extraction
itself inevitably reduces the total MD width of the mandibular
anterior segment. Therefore, post-treatment Bolton ratios in
the present study were considered descriptive parameters
reflecting the magnitude of treatment-related interarch tooth-
size alterations rather than stand-alone indicators of ideal
tooth-size harmony. When considered together with overjet,
overbite, and the amount of maxillary interproximal reduction,
these values can still provide clinically relevant information for
evaluating the final anterior occlusal relationship after MIET.

Furthermore, at T1, the anterior ratio (r=-0.522) and the overall
ratio (r=-0.657) were both negatively correlated with the post-
treatment overjet value. These findings demonstrated two
major insights regarding our cohort: the indication for lower
incisor extraction was correct, but nearly all the space gained
from the extraction was consumed to eliminate the lower
anterior crowding (-5.60£1.29 mm). Consequently, minimal
space remained for incisor retraction, which could have
increased the overjet. These results indicate that the posterior
Bolton discrepancy was not entirely eliminated, suggesting
that additional space for IPR on the posterior teeth may be
required if enamel thickness permits. However, because a
severe skeletal discrepancy is a contraindication for MIET and



Arslan Avan et al. Lower Incisor Extraction: Arch and Outcome Analysis

acceptable posterior settling is assumed at the beginning of
treatment, maintenance of the posterior Bolton discrepancy
might have helped the management of the overjet.

Since an increase in overjet is a frequently reported
consequence of MIET and can be associated with critical clinical
outcomes such as the loss of anterior guidance, the parameters
related to post-treatment overjet were investigated. Maxillary
interpremolar width atT1 (r=0.437) and mandibular intercanine
width difference (T2-T1) (r=0.464) were positively correlated
with post-treatment overjet at T2. These findings provide
an important clinical recommendation for practitioners:
pretreatment maxillary arch widths should be preserved or
reduced, coordinated with the mandibular intercanine width
whenever possible; preformed archwires must be utilized with
caution to eliminate this possible outcome.

Study Limitations

This study has several limitations. The primary limitation is
its retrospective design. To minimize the potential negative
effects, the clinical procedures performed on the patients were
evaluated in detail, and any confounding factors that could
compromise the methodology were excluded. Second, the
study was based exclusively on dental model measurements,
and cephalometric changes were not evaluated. Therefore, the
potential contributions of incisor inclination, anteroposterior
tooth movement, and other dentoalveolar changes to the
observed overjet and overbite outcomes could not be
determined. Finally, although the sample size exceeded the
minimum number required by the power analysis, the relatively
small size remains a limitation, particularly for the secondary
correlation analyses. Future studies with larger samples and
comparable power calculations may provide reliable evidence
regarding the clinical associations observed in mandibular
incisor extraction cases.

CONCLUSION

Following MIET, mesiodistal widths of the maxillary incisors
decreased. A significant decrease was also observed in both
anterior and overall Bolton ratios. Overbite and overjet
decreased during treatment, with the change in overbite being
statistically significant. Maxillary interpremolar and mandibular
interpremolar and intermolar widths increased significantly,
whereas mandibular intercanine width decreased.

Ethics
Ethics Committee Approval: Ethical approval for this retrospective
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anonymized records was obtained from the patients and/or their legal
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