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Abstract

Background: Unilateral maxillary premolar extraction (UMPE) has been recommended for
the orthodontic treatment of specific dental asymmetries. This study has aimed to compare the
extraction side and non-extraction side within the same patient to assess the impact of UMPE
on specific dental and aesthetic outcomes. Materials and Methods: In this retrospective inves-
tigation at department of orthodontics, school of Dentistry, Shahid Beheshti University of Med-
ical Sciences (SBMU), post treatment documents of 40 patients, who underwent UMPE in their
completed orthodontic treatments, were selected. Upper dental midline, smile arc and number
of visible teeth in final smile photographs was assessed. Evaluations were analyzed using SPSS
18. Results: Analyses showed a positional deviation of upper dental midline in 90% of pa-
tients by average of 1.0£0.5 mm, the angular deviation of dental midline in 87.5% of patients
toward the extraction side by average of 0.83°+0.27° and an elevated smile arc for 0.43 mm
in extraction side. Moreover, the evaluations showed a mean of 5 and 4.52 visible teeth in the
non-extraction and the extraction sides, respectively. Conclusion: The current study showed
that in the treatment with UMPE the smile indices can be end very close to absolute symmetry
and the asymmetries that still exists are negligible and will not affect the aesthetic results of the
treatment. [GMJ.2025;14:e4002] DOI:10.31661/gmj.v14iSP1.4002
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Introduction

One of the primary goals of orthodontic
treatment is to obtain an attractive and
balanced smile [1, 2], which is closely linked
to facial esthetics [3]. To elaborate, numer-
ous factors influence our perception of smile
attractiveness, and one critical factor is the
symmetry of smile indices, which is widely

regarded as significant [4]. Asymmetry can
manifest in various smile indices, such as
the dental midline, smile arc, and the num-
ber of visible teeth [5]. Importantly, proper
treatment of asymmetry relies heavily on a
precise diagnosis of its etiology, which may
stem from dental, skeletal, or soft tissue dis-
crepancies [6]. Dental asymmetry and dental
midline deviation are more common in Class
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IT patients, particularly in subdivision cases
[7]. To address these issues, various ortho-
dontic treatments have been proposed for
managing dental asymmetric malocclusions,
including unilateral molar distalization, uni-
lateral bimaxillary elastics, and four-premolar
extraction [6, 8, 9]. Extraction, as a compo-
nent of various orthodontic treatments, can in-
fluence treatment duration, stability, resultant
occlusion, and, notably, smile esthetics [10,
11].

Specifically, unilateral extraction of a maxil-
lary premolar is described as an effective ap-
proach to correct moderate to severe asymme-
tries [6] and is considered advantageous for
orthodontic patients because it involves less
tooth structure removal. Furthermore, with
appropriate case selection, patients may ben-
efit from shorter orthodontic treatment dura-
tions [12].

Unilateral extractions are generally preferred
when occlusal asymmetries are severe, to an
extent that they cannot be corrected solely
through asymmetric mechanics [13]. In such
cases, unilateral maxillary premolar extraction
may be prescribed for patients with asymmet-
ric crowding caused by factors such as a me-
sially migrated first molar or dental midline
deviation to the opposite side. Moreover, it
offers several additional benefits, including
simplified biomechanics, reduced treatment
time, preservation of molar occlusion, and
correction of midline deviation without cre-
ating a canted occlusal plane [13]. However,
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some studies have suggested that asymmetric
extraction may not fully resolve arch asym-
metries, potentially leading to significant re-
sidual asymmetry [14-16]. As a result, this
could impact the characteristics of smile es-
thetics [17].

Conversely, other studies have concluded that
there is no consistent relationship between
different patterns of premolar extraction and
smile esthetics [18-20].

Given the conflicting findings, there have been
relatively few studies evaluating the effects of
unilateral maxillary premolar extraction on
smile indices, which could be pivotal in pri-
oritizing this treatment approach. Therefore,
the aim of this study was to assess the effects
of asymmetric upper premolar extraction on
residual asymmetries in smile indices, taking
into account predetermined diagnostic thresh-
olds.

Methods and Materials

In this retrospective study, a pool of 631 pa-
tient records spanning 2015 to 2020, who
had undergone unilateral upper premolar
extraction and orthodontic were assessed.
Post-treatment photographs of patients were
selected based on specific inclusion and ex-
clusion criteria [21]. These criteria included
individuals who had undergone unilateral
upper premolar extraction, completed their
orthodontic treatment, and had complete
treatment records, such as dental casts and

Figure 1. Evaluation of upper dental midline relative to template (face) midline
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adequate post-treatment frontal smile photo-
graphs, with no congenital missing teeth prior
to treatment. Conversely, patients were ex-
cluded if they presented with craniofacial syn-
dromes, cleft lip or palate, soft tissue asym-
metry (including the lower lip), anterior teeth
size asymmetry, or a significant Bolton dis-
crepancy of >1.5 mm. Complete data and pho-
tographics were available for 40 eligible pa-
tients. Notably, these patients had completed
their orthodontic treatment at the Department
of Orthodontics, School of Dentistry, Sha-
hid Beheshti University of Medical Sciences
(SBMU). Furthermore, the study protocol was
approved by the ethical committee of SBMU
(Code: IR.SBMU.DRC.REC.1398.106). Each
patient data was grouped into extraction and
non-extraction categories based on whether
their dental midline deviation occurred on
the side of the unilateral upper premolar ex-
traction or not.

Outcome Measures

To evaluate the outcomes, the following in-
formation was obtained from the patients’ re-
cords: age, gender, final smile photographs,
and final study cast of the upper arch. Specifi-
cally, the evaluations involved measurements
taken from post-treatment smile photographs.
Photographs of posed smiles were utilized
for the current study. To ensure consistency,
the photos were modified using Adobe Pho-
toshop software (Version: 19.0 x64 2017)
after numbering. To minimize the effects of
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confounding factors, a 5x10 cm template was
applied to standardize their size. Additionally,
the facial midline was aligned with the tem-
plate’s midline as well as the true vertical line.
Moreover, the smile midline was defined by
the template’s midline [22]. Finally, the pho-
tographs were saved in JPEG format.

A tactile line at the contact area of the upper
central incisors was designated as the upper
dental midline. After magnifying the photo,
its position relative to the smile midline (the
template midline) was measured in tenths of a
millimeter using Solidworks® software . Fur-
thermore, the angular deviation between the
upper dental midline and the smile midline
was measured in tenths of a degree using the
same software (Figure-1).

To assess the smile arc, a line was drawn tan-
gent to the upper border of the lower lip, and
the distance between the upper anterior teeth
and this line was measured along a perpendic-
ular line drawn from the midpoint of the in-
cisal edge of the incisors and the tip of the ca-
nine cusps on both sides [23] (Figure-2). Ad-
ditionally, the number of visible teeth during
smiling on each side was counted.

Calibration, Validity, and Reliability of Mea-
sures

For calibration purposes, the mesiodistal
width of the upper right central incisor was
measured using a digital caliper (Insize Dig-
ital Caliper Series 1108) on the relevant stone
cast and then matched with the modified pho-

Figure 2. Evaluation of smile arc relative to the upper border of lower lip
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tographs in Solidworks® software (3DEX-
PERIENCE Company, UK). Importantly, all
distances were measured in tenths of a milli-
meter.

To ensure validity, measurements were per-
formed by a postgraduate student of ortho-
dontics under the supervision of an assigned
professor in the corresponding department. To
assess intra-examiner reliability, the evalua-
tion of photographs was repeated for ten ran-
domly selected specimens after a two-week
interval, and measurement error analyses
were conducted. The results showed that the
reliability assessment indicated an intra-class
correlation coefficient (ICC) of above 75%
for all measurements, demonstrating high
reliability based on the Rosner classification
[24].

Calibration, Validity and Reliability of Mea-
sures

For calibration of photographs, the mesiodis-
tal width of upper right central incisor was
measured by a digital caliper (Insize Digital
Caliper Series 1108) on relevant stone cast
and then, was matched with the modified pho-
tographs in Solidworks® software (3DEXPE-
RIENCE Company, UK). All distances were
measured in tenth of a millimeter.

In order to preserve validity, the measure-
ments were exerted by a postgraduate student
of orthodontics under the supervision of an
assigned professor in the corresponding de-

Table 1. Characteristics of study participant
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partment. So as to assess the intra-examiner
reliability, the evaluation of photographs was
repeated for ten randomly selected specimens
after two weeks and the measurement error
analyses were exerted. Reliability assessment
indicated an intra-class correlation coefficient
(ICC) of above 75% in all measurements,
showing high reliability based on Rosner clas-
sification [1].

Statistical Analysis

Measurements were performed in all speci-
mens. An expert, who was blind to the treat-
ment, performed all statistical analyses. The
resultant data were analyzed using SPSS soft-
ware version 18.0 (IBM Corp, Chicago, IL).
The significance level was set at P< 0.05.

Results

Twenty-seven female (67.5%) and thirteen
male (32.5%) patients participated in this
study with a mean age of 16.4 and SD of ?.
The position of upper dental midline was de-
viated to the extraction side with a mean of
1.0+0.5 mm in 90% of the specimens, while in
10% of cases, the midline was deviated to the
non-extraction side with a mean of 0.3+0.1
mm (Table-1).

In addition, considering midline angular de-
viation, the angle was about 1.47°£1.01° to
the extraction side in 87.5% of the specimens,
however, the angular deviation of midline was

Metric

Non-Extraction(n=4)

Extraction (n=36) P-value

Dental Midline Deviation (mm),
Mean = SD (Min - Max)

Midline Angular Deviation (°),
Mean + SD (Min - Max)

Visible Tooth Count (n), Mean + SD

0.3+0.1(0.2-0.4)

0.8+0.2(0.3-1.1)

5.0+0.76 (4 - 6)

1.0£0.5(0.3-2.6) 0.001

1.4+1.0(0.2-3.6) 0.003

4.5+0.66 (3 - 6) <0.001

(Min - Max)
Table 2. The Distance between Inicisal Edge of Anterior Teeth and Lower Lip
Tooth T.wo-mde distance T-value P-value
difference

Central incisor 0.09 -2.182 <0.036
Lateral incisor 0.61 -7.642 <0.001
Canine 0.83 -6.933 <0.001
height of smile arch* 0.43 -6.63 <0.001
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about 0.83°+£0.27° to the non-extraction side
in 12.5% of the specimens. The range of an-
gular deviation was 0.2° to 3.66° (Table-1).
The mean number of visible teeth was
5.02+0.73 at the non-extraction side and
4.52+0.64 at the extraction side. There was a
statistically significant difference in this num-
ber between both sides (P<0.001, Table-1).
The mean distance between the incisal edge
of anterior teeth and upper border of lower lip
in each side of smile (height of smile arc) is
shown in Table-2.

The mean distance was significantly higher
at the extraction side compared with non-ex-
traction side. Moreover, the differences in dis-
tance for central incisors was lower compared
with lateral incisors/canines (central incisors<
lateral incisors< canines). Both findings in-
dicate the transverse roll (cant) of smile arc
(P<0.05).

Discussion

The findings of this study indicate that after or-
thodontic treatment with unilateral extraction
of an upper premolar, all indicators were near-
ly symmetrical, with only minor asymmetries
in smile indices and the dental arch.

With unilateral extraction of an upper premo-
lar, the dental midline is closely aligned with
the center of the smile, as observed in most
cases assessed in this study. A slight midline
deviation of approximately 2 mm can be de-
tected more accurately by orthodontists [21,
25-27], but laypersons may find midline de-
viations of up to 4 mm attractive, as noted by
Kuruhan and others [13]. This is significantly
higher than the measurements obtained in this
study and is unlikely to impact smile aesthet-
ics.

Additionally, the dental midline angulation
was very close to a true vertical line. A slight
deviation in midline angulation was observed
in post-treatment patients, but it was minimal
and negligible (less than 1 degree). This small
deviation may result from initial asymmetries
or asymmetric space closure mechanics. The
variation in results suggests differences in
space closure mechanics and clinicians’ skills
[9, 28, 29].

This investigation revealed a high degree of
similarity in the number of visible teeth be-
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tween the extraction and non-extraction sides.
Consequently, unilateral maxillary premolar
extraction subtly affects the number of visi-
ble teeth, which may be influenced differently
by unilateral space closure mechanics on each
side of the dental arch. The visibility of teeth
is important for smile aesthetics; however, the
discrepancy between the two sides of the arch
was minimal. According to NM Choma, max-
illary premolar extraction does not signifi-
cantly affect tooth visibility or the appearance
of the smile [30].

After treatment with unilateral maxillary pre-
molar extraction, asymmetry in the smile arc
(cant of the smile arc) was not statistically
significant (P<0.05). This minor asymmetry is
not critical for smile aesthetics, as asymme-
tries farther from the midline are more clini-
cally tolerable [31].

Unilateral maxillary premolar extraction is
often prescribed as an alternative treatment
when cost and complexity are concerns. Al-
though this approach may result in minor
asymmetries, these measurements fall below
detectable thresholds. Moreover, some studies
suggest that asymmetric tooth extraction can
effectively correct malocclusion and midline
deviation [32], shift posterior teeth asymmet-
rically, reduce dental movement time, simpli-
fy orthodontic mechanics [29, 33-37], achieve
functional and consistent results, and mini-
mize treatment side effects [28, 38].
Therefore, patient selection for such cases
should consider the clinician’s expertise, as
sufficient knowledge to diagnose and man-
age mechanics is essential for successful out-
comes [39].

With proper case selection and space closure
mechanics, Class II subdivision patients can
be treated using asymmetric premolar ex-
traction in the maxillary arch, which has been
reported to correct midline deviation more ef-
fectively than four-premolar extraction [25].
These benefits can be achieved through ac-
curate diagnosis of the etiology of primary
asymmetries, such as molar relationships,
midline deviation, anterior crowding, and oth-
er patient-specific characteristics [32]. Before
tooth extraction, it is recommended to assess
the degree of initial asymmetries and the an-
chorage required to achieve optimal symmetry
[40]. After establishing appropriate anterior
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dental relationships, the remaining extraction
space can be closed using temporary anchor-
age devices for posterior protraction [41].
However, prospective studies with larger
sample sizes are needed to confirm appropri-
ate case selection and space closure mechan-
ics, given the initial severity of asymmetries
in malocclusions.

Differences between the outcomes of this
study and similar studies [6, 41] may be at-
tributed to variations in measurement accura-
cy, space closure mechanics, and clinicians’
skills.

The limitations of this study include the lim-
ited number of available specimens, the high
variability in treatment mechanics, and the
diverse initial malocclusion characteristics,
which prevented the evaluation of statistical
correlations between them.

Conclusion

The outcomes of this retrospective study

Effect of Unilateral Maxillary Premolar Extraction on Smile Aesthetics

showed that in unilateral maxillary premolar
extraction treatment the smile indices are very
close to absolute symmetry and asymmetries
were so trivial that they did not pass the recog-
nizable thresholds determined in previous
studies and does not seem to affect the aesthet-
ic results of the treatment. Nonetheless, more
comprehensive studies are needed to evaluate
the smile aesthetic indices subjectively and
the impact of different space closure mechan-
ics on aesthetics treatment results. Although
an important factor is the proposed treatment
plan based on initial characteristics of the pa-
tients and appropriate space closure mechan-
ics to preserve smile indices symmetry or cor-
rect the existing asymmetries

Conflict of Interest

The authors declare that there are no conflicts
of interest regarding the publication of this

paper.

References

1. RodenJohnson D, Gallerano R, English J.
The effects of buccal corridor spaces and
arch form on smile esthetics. Am J Orthod
Dentofacial Orthop. 2005;127(3):34350.

2. Castiblanco Gomez A, Criado Pacheco
C, Lopez Burgos C. Determinacion de
parametros para evaluar la sonrisa en
ortodoncia y su aplicacion a beldades
colombianas. Rev Latinoam Ortod.
1996;2(3):7186.

3. Van der Geld P, et al. Smile attractiveness:
selfperception and influence on personality.
Angle Orthod. 2007;77(5):75965.

4. Londofio Bolivar MA, Botero Mariaca P. The
smile and its dimensions. Rev Fac Odontol
Univ Antioquia. 2012;23(2):25365.

5. Machado AW. 10 commandments of
smile esthetics. Dental Press J Orthod.
2014;19(4):13657.

6. Struhs TW. Effects of unilateral. extraction
treatment on arch: symmetry and occlusion;
2005.

7. Janson GR, et al. Threedimensional
evaluation of skeletal and dental asymmetries
in Class II subdivision malocclusions.

Am J Orthod Dentofacial Orthop.
2001;119(4):40618.

8. Rose JM, et al. Mandibular skeletal and
dental asymmetry in Class II subdivision
malocclusions. Am J Orthod Dentofacial
Orthop. 1994;105(5):48995.

9. Shroff B, Lindauer SJ, Burstone CJ. Class II
subdivision treatment with tipback moments.
Eur J Orthod. 1997;19(1):93101.

10. Robb SI, et al. Effectiveness and duration
of orthodontic treatment in adults and
adolescents. Am J Orthod Dentofacial
Orthop. 1998;114(4):3836.

11. Vig PS, et al. The duration of orthodontic
treatment with and without extractions: a
pilot study of five selected practices. Am J
Orthod Dentofacial Orthop. 1990;97(1):4551.

12. Shetty S, Kumar A. Unusual extraction
combinations in orthodontics — A literature
review. Int J Oral Health Dent. 2020;6:1936.

13. Kili¢ EP, Giimiis EB. Evaluation of
the Effects of Asymmetric Premolar
Extraction Treatment on Arch Form and
Symmetry. Akdeniz Dis Hekimligi Dergisi.
2023;2(3):12009.

14. BeGole EA, Fox DL, Sadowsky C. Analysis
of change in arch form with premolar
expansion. Am J Orthod Dentofacial Orthop.
1998;113(3):30715.

GMJ.2025;14:e4002

WWW.gmj.ir



Effect of Unilateral Maxillary Premolar Extraction on Smile Aesthetics

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Torsello F, et al. Relationships between
facial features in the perception of profile
attractiveness. Prog Orthod. 2010;11(2):927.
Kim E, Gianelly AA. Extraction vs
nonextraction: arch widths and smile
esthetics. Angle Orthod. 2003;73(4):3548.
Wertz RA. Diagnosis and treatment planning
of unilateral Class II malocclusions. Prog
Orthod. 1975;45(2):8594.

Janson G, et al. Smile attractiveness in
patients with Class II division 1 subdivision
malocclusions treated with different

tooth extraction protocols. Eur J Orthod.
2014;36(1):18.

Janson G, et al. Influence of orthodontic
treatment, midline position, buccal corridor
and smile arc on smile attractiveness:

A systematic review. Angle Orthod.
2011;81(1):15361.

Johnson DK, Smith RJ. Smile estheties

after orthodontic treatment with and

without extraction of four first premolars.
Am J Orthod Dentofacial Orthop.
1995;108(2):1627.

Kokich Jr V, Kiyak H, Shapiro P. Comparing
the perception of dentists and lay people

to altered dental esthetics (reprint). Adv
Esthetics Interdisciplin Dent. 2005;1(1):2033.
Kokich Jr VO, Kiyak HA, Shapiro PA.
Comparing the perception of dentists and lay
people to altered dental esthetics. J Esthet
Restor Dent. 1999;11(6):31124.

Graber LW, et al. Orthodonticsebook. current
principles and techniques: Elsevier Health
Sciences; 2016.

Rosner B, Tworoger S, Qiu W. Correcting
AUC for measurement error. ] Biom Biostat.
2015;6(5):270.

Janson G, et al. Class II subdivision treatment
success rate with symmetric and asymmetric
extraction protocols. Am J Orthod
Dentofacial Orthop. 2003;124(3):25764.
Pinho S, et al. Impact of dental asymmetries
on the perception of smile esthetics.

Am J Orthod Dentofacial Orthop.
2007;132(6):74853.

Johnston CD, Burden DJ, Stevenson MR.
The influence of dental to facial midline
discrepancies on dental attractiveness ratings.
Eur J Orthod. 1999;21(5):51722.

Burstone CJ. Diagnosis and treatment
planning of patients with asymmetries. Semin
Orthod: Elsevier; 1998.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Safavi MR, et al.

Shroff B, Siegel SM. Treatment of patients
with asymmetries using asymmetric
mechanics. Semin Orthod: Elsevier; 1998.
Choma NM, Madiba TK, Sethusa P. Buccal
corridor changes in orthodontically treated
extraction and nonextraction Class 1 patients.
S Afr Dent J. 2022;77(5):25863.

Chiche GJ, Pinault A. Esthetics of anterior
fixed prosthodontics. Vol 1: Quintessence
Publishing Company; 1994.

Ashish K, et al. Decision in Class II
Subdivision Malocclusions Treatment: Three
Case Reports with Contrasting Strategies. J
Contemp Orthod. 2020;4:610.

Fiorentino G, Melsen B. Asymmetric
mandibular space closure. J Clin Orthod.
1996;30(9):519.

Gianelly AA, et al. Asymmetric space
closure. Am J Orthod Dentofacial Orthop.
1986;90(4):33541.

Jones O, Ortiz C, Schlein RJ. Orthodontic
management of a patient with Class

I malocclusion and severe crowding.

Am J Orthod Dentofacial Orthop.
1990;98(3):18996.

Lima MH, Oliveira JH, Tanaka OM.
ExtragOes assimétricas de dentes
permanentes na corregéo da linha mediana. J
Bras Ortodon Ortop Facial. 2002;7(37):7886.
Whitley JB Jr. A Class II, Division 1
malocclusion: a malocclusion with

a significant mandibular arch length
deficiency. Am J Orthod Dentofacial Orthop.
1996;110(6):68893.

Rebellato J. Asymmetric extractions used in
the treatment of patients with asymmetries.
Semin Orthod: Elsevier; 1998.

Melgago CA, Araujo MT. Asymmetric
extractions in orthodontics. Dental Press J
Orthod. 2012;17(2):1516.

Anistoroaei D, et al. The prevalence of facial
asymmetry in preorthodontic treatment. Int J
Med Dent. 2014;4:21015.

Dabhiya G, et al. Effects of unilateral premolar
extraction treatment on the dental arch

forms of Class II subdivision malocclusions.
Am J Orthod Dentofacial Orthop.
2017;152(2):23241.

GM1J.2025;14:e4002

WWW.gmj.ir



