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Abstract
Background. Class II malocclusion is routinely observed in orthodontics. Its treatment usually revolves 
around the growth modification or the extractions of  the teeth. Identifying treatment that leads to the 
greatest improvement can aid clinicians in providing the desired smile esthetics.

Objectives. The aim of the study was to compare smile esthetics between treatment groups by measuring 
various smile variables and the esthetic perceptions of 3 panels of raters. 

Material and methods. A cross-sectional study was performed on 66 patients equally divided into the 
functional appliance (FA) and upper first premolar extraction (UPE) groups. Eight smile variables were 
measured on post-treatment photographs using the Adobe Photoshop® software. Ten orthodontic resi-
dents, general dentists and laypersons performed the subjective evaluations of smiles using the visual ana-
log scale (VAS). The Mann–Whitney U-test was applied to compare smile variables between the groups. 
The Kruskal–Wallis test was used to compare esthetic scores (ES) among the raters. The simple linear re-
gression analysis, followed by the multiple linear regression analysis was applied to determine the smile 
variables associated with the ES values. 

Results. Statistically significant differences were found between the FA and UPE groups for the buccal 
corridor ratio (BCR) (p = 0.046), the visible dentition width ratio (VDWR) (p = 0.019) and the arch form 
index (AFI) (p < 0.001). The Kruskal–Wallis test showed significant differences in ES among the raters for 
the FA (p < 0.001) and UPE (p = 0.004) groups. The simple linear regression analysis showed significant 
associations between ES and the patient’s age (p = 0.002), BCR (p = 0.020) and VDWR (p = 0.006). The 
multiple linear regression analysis showed that age (p = 0.008) and VDWR (p = 0.021) were significantly 
associated with the ES values.

Conclusions. The FA group had narrower buccal corridor spaces, a greater visible dentition width and 
a wider arch form in their smiles. The UPE group showed an increase in the buccal corridor width. Each panel  
rated the FA appliance group as superior.
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Introduction 
Smile esthetics is the primary focus of orthodontic treat-

ment in the contemporary age. An esthetic smile can boost 
a person’s confidence, and improve social interaction and 
quality of life.1,2 It is crucial for an orthodontist to be able to 
assess smile esthetics and meet the patient’s expectations.3 
According to Goldstein, the smile is one of the most fun-
damental features of facial attractiveness.4 Ackerman and 
Ackerman suggested that even with successfully treated 
orthodontic patients, obtaining ideal smile esthetics is 
challenging for experienced practitioners.5

Class II malocclusion occurs at rates of approx. 24.5% 
in Asians, 33% in Caucasians and 15% in the US popu-
lation.6–8 In most cases, mandibular retrognathism is the 
culprit of  skeletal class II malocclusion, giving patients 
a  characteristic convex profile.8,9 Hence, enhancing the 
mandibular growth in pre-adolescent patients is indicated 
to improve mandibular deficiency.10 The growth modifica-
tion of the mandible depends on the skeletal maturational 
age of the patient as assessed by the cervical maturation 
index proposed by Baccetti et al.11 Functional appliances 
improve skeletal disharmony during the growth period 
(CS (cervical stage)-3) by posturing the mandible forward 
and stimulating the mandibular growth.12 An  example 
of a commonly used functional appliance is Clark’s twin 
block (CTB).13 However, once the desired results of func-
tional appliance treatment are achieved, a  brief course 
of fixed mechanotherapy is required to finish the process.

If, on the other hand, the patient has surpassed their 
growth potential (CS-5–CS-6), class II correction is confined 
to either orthodontic camouflage or orthognathic surgery.14 
Orthodontic camouflage is defined as masking the skeletal 
discrepancies of the face without correcting the underlying 
jaw disharmony.14,15 A majority of orthodontic patients prefer 
to avoid orthognathic surgery, as it is invasive, and instead opt 
for camouflage.16 Orthodontic camouflage is suitable for pa-
tients with average or short facial patterns, mild anteroposte-
rior jaw discrepancies, crowding <4–6 mm, and normal soft 
tissues.17 Class II camouflage is most commonly achieved 
with the extraction of the upper first premolars.18

The evaluation of smile esthetics at the end of orthodon-
tic treatment can provide useful information on how dif-
ferent modalities affect the perception of smile esthetics. 
Therefore, the identification of  treatment that leads to 
the greatest improvement of facial esthetics can aid clini-
cians in selecting appropriate treatment modalities. The 
objectives of this study were to compare smile esthetics in 
patients who underwent functional appliance therapy fol-
lowed by fixed mechanotherapy and those who underwent 
fixed appliance therapy with upper first premolar extrac-
tion, and to evaluate the esthetic perceptions of 3 panels 
of raters, including orthodontic residents, general dentists 
and laypersons. The null hypothesis was that there would 
be no difference between the 2 treatment groups in terms 
of smile esthetics as perceived by the raters.

Material and methods
A cross-sectional study that included 66 participants was 

performed after obtaining approval from the Aga Khan  
University ethics review board (2018-0295-161), Karachi,  
Pakistan. Data was obtained from the post-treatment 
follow-up frontal smiling photographs of subjects treated 
for skeletal class II malocclusion. These patients had been 
treated consecutively over a period of 4 years (2013–2017)  
at the Orthodontic Clinic, with post-treatment follow-
ups advised every 6 months.

The sample size was calculated using the OpenEpi® 
software v. 3.01 (www.openepi.com), taking into account 
the findings of Johnson and Smith, who reported a mean 
inter-canine–visible dentition width of  0.77 ±0.032 mm 
for non-extraction treatment and 0.80 ±0.050 mm for 
extraction treatment.19 Keeping α  =  0.05 and a  power 
of 80%, a total of 31 subjects were required in each group. 
Since we had 2 groups, a total sample of 62 was required. 
This value was inflated to include 33 subjects per group. 
The samples were divided into the functional appliance 
(FA) group (CTB) and the upper first premolar extraction 
(UPE) group. The mean age of our sample groups at the 
post-treatment follow-up was 20.3 ±1.2 years for the FA 
group and 23.3 ±2.8 years for the UPE group. The gen-
der distribution for the FA group was 15 males and 18 fe-
males; for the UPE group, it was 14 males and 19 females.

Inclusion criteria 

Functional appliance group 

The inclusion criteria for the FA group were as fol-
lows: skeletal class II patients with ANB > 6°, a normal or 
low vertical facial growth pattern, proclined upper incisors 
(UI–SN  >  107°), and normal or retro-lined lower incisors 
(IMPA < 90°) with a procumbent lower lip due to mandibu-
lar deficiency. The patients in this group had existent growth 
potential (CS-3) on lateral cephalograms according to the 
classification by Baccetti et al.11 The CTB bite registration 
for advancing the mandible was obtained as recommend-
ed by Profitt  et  al. (4–6 mm of  sagittal advancement and 
3–4 mm of vertical opening).8 Two-phase therapy was per-
formed, starting with phase I – the growth modification with 
a removable CTB for a mean duration of 11.0 ±1.3 months; 
phase II – the final finishing and detailing − was performed 
in this group with fixed appliances (Roth prescription 
0.022-inch slots) for a mean duration of 12.2 ±2.1 months.

Upper first premolar extraction group 

The patients in the UPE group had comparable cepha-
lometric characteristics to the FA group, except that they 
had mild mandibular deficiency (4° < ANB < 6°) with mini-
mal or no growth potential left (CS-5 or CS-6) to plan for 
the growth modification. The selected patients had dental  
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class II molar relationships (end-on, 3/4 or full cusp). 
No extractions were done in the lower arch, since no 
discrepancies or crowding were present.20 Single-phase 
treatment with comprehensive fixed appliance therapy 
was performed (Roth prescription 0.022-inch slots) for 
a  mean duration of  27.4 ±1.1 months. After upper first 
premolar extraction, the patients underwent the retrac-
tion of the canines on 0.018-inch stainless steel (SS) wires 
followed by the retraction of  the incisor segments via 
looped mechanics on 0.017-inch × 0.025-inch SS wires.

Exclusion criteria 

The exclusion criteria were any previous history of orth-
odontic or orthopedic treatment, any craniofacial/dental 
anomaly or syndrome, a history of trauma or surgery in-
volving facial structures, or any skeletal discrepancy in 
which camouflage was not indicated.

Procedures 

Post-treatment follow-up frontal smiling photo-
graphs were taken for each participant using a  Sony® 
DSC-WX200 digital camera (maximum resolution 

4896 × 3672, approx. 18.2 megapixels) (Sony Corp., Tokyo,  
Japan); the pictures were stored in the JPEG format.  
To standardize the images, we followed the guidelines 
published by Desai et al.21 and Chetan et al.22 The came-
ra was affixed to a  tripod approx. 4 ft from the stand-
ing subject. While taking the photographs, the patients 
were asked to look straight into an  imaginary mirror, 
holding their head in a natural position. The camera was 
adjusted to the position parallel to the apparent occlu-
sal plane. The grid ruler option was used in the came-
ra, so that the capture area was situated in the center  
of the frame. Both ears of the patient were equally vis-
ible to ensure there was no error of orientation in the 
transverse plane. While the frontal smiling photographs 
were being taken, the patients were asked to say ‘seven’ 
or ‘cheese’. The continuous shooting mode (burst mode) 
was used to take multiple images and the best picture, in 
which all the necessary anatomical landmarks were cap-
tured, was selected for each patient. Evaluations were 
made using the Adobe Photoshop® software (Adobe, 
San Jose, USA).

The perioral area was cropped and 8 smile variables were 
measured as ratios to limit the bias and compensate for the 
magnification differences among the pictures (Fig.  1).23  

mandibular teeth exposure (MTE) – visible 
mandibular incisor length  

divided by the mandibular incisor width

smile arc ratio (SAR) – distance from the maxillary 
incisal edge to the inter-canine connecting line  

divided by the distance from the lower lip  
to the inter-canine connecting line

maxillary incisor display (MID) – distance from  
the maxillary incisal edge to the upper lip 

divided by the maxillary incisor width

interlabial gap ratio (ILGR) – lip separation during  
a smile divided by the inter-canine width

buccal corridor ratio (BCR) – inter-commissure 
width divided by the inter-canine width

smile index (SI) – inter-commissure width 
divided by the interlabial gap

arch form index (AFI) – inter-canine width 
divided by the inter-molar width

visible dentition width ratio (VDWR) – maxillary  
inter-canine width divided by the visible dentition width

Fig. 1. Smile variables
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The comparisons of the ES provided by the different 
panels of  raters showed statistically significant differ-
ences among the raters for the the FA group (p < 0.001) 
and the UPE group (p = 0.004). Among the raters, orth-
odontic residents and laypersons gave higher scores to 
both the treatment groups than general dentists did. 
However, while comparing the treatment groups, all 
3 panels of raters preferred the FA group over the UPE 
group (Table 2).

The measured smile variables were as follows: the smile 
arc ratio (SAR) – the distance from the maxillary incisal 
edge to the inter-canine connecting line divided by the 
distance from the lower lip to the inter-canine connect-
ing line; maxillary incisor display (MID) – the distance 
from the maxillary incisal edge to the upper lip divided 
by the maxillary incisor width; mandibular teeth exposure 
(MTE) – the visible mandibular incisor length divided by 
the mandibular incisor width; the buccal corridor ratio 
(BCR) – the inter-commissure width divided by the inter-
canine width; the smile index (SI) – the inter-commissure 
width divided by the interlabial gap; the interlabial gap 
ratio (ILGR) – lip separation during a  smile divided by 
the inter-canine width; the visible dentition width ratio 
(VDWR) – the maxillary inter-canine width divided by 
the visible dentition width; and the arch form index (AFI) 
– the inter-canine width divided by the inter-molar width.

Subjective assessments were made by different pa-
nels of  raters, which included 10 orthodontic residents, 
10 general dentists and 10 laypersons. Each participant’s 
frontal smiling photograph was analyzed and scored on 
a visual analog scale (VAS). It was created on a 100-milli-
meter uninterrupted line, anchored at 0 on the left (very 
unattractive) and at 10 on the right (very attractive).23

The panel of  orthodontic residents consisted of  6  fe-
males and 4 males of  a  mean age of  28.6 ±2.1 years.  
In the general dentist panel, there were 6 females and 
4 males of a mean age of 27.5 ±2.3 years. In the layper-
son panel, we had 4 females and 6 males of a mean age 
of 22.8 ±1.4 years.

To test the intra-examiner reliability, 10 frontal smiles 
were randomly selected and re-measured by the principal 
investigator. The intra-class correlation coefficient (ICC) 
showed values ranging from 0.85 to 1.0 between the 2 sets 
of measurements, indicating excellent agreement.

The data was analyzed by means of the IBM SPSS Sta-
tistics for Windows software, v. 20.0 (IBM Corp., Armonk, 
USA). Descriptive statistics were applied to calculate the 
mean age and distribution by gender. The Shapiro–Wilk 
test yielded a  non-normal distribution of  the sample. 
The Mann–Whitney U-test was used for the comparison 
of  smile variables in the FA and UPE treatment groups. 
The one-way analysis of variance (ANOVA) was used to 
compare smile esthetic scores (ES) among the 3 panels 
of raters. The simple and multiple linear regression analy-
ses were used to evaluate the variables which affected the 
subjective smile ES for both treatment groups. A p-value 
≤0.05 was considered statistically significant.

Results
The comparisons of smile variables between the 2 treat-

ment groups showed BCR (p = 0.046), VDWR (p = 0.019) 
and AFI (p < 0.001) to be significantly higher in the UPE 
group (Table 1).

Table 1. Comparison of smile variables between the functional appliance (FA) 
and upper first premolar extraction (UPE) treatment groups

Variable  
(ratio)

Treatment group
p-valueFA  

(n = 33)
UPE  

(n = 33)

SAR 0.50 (0.40, 0.65) 0.50 (0.40, 0.64) 0.831

MID 0.95 (0.80, 0.95) 0.97 (0.77, 1.14) 0.681

MTE 0.66 (0.56, 0.78) 0.60 (0.00, 0.85) 0.535

BCR 1.52 (1.40, 1.60) 1.62 (1.50, 1.70) 0.046*

SI 4.80 (4.40, 4.80) 5.10 (4.50, 6.00) 0.534

ILGR 0.31 (0.25, 0.36) 0.31 (0.26, 0.36) 0.724

VDWR 1.29 (1.21, 1.34) 1.39 (1.26, 1.43) 0.019*

AFI 0.78 (0.74, 0.79) 0.84 (0.81, 0.87) <0.001**

Data presented as median (interquartile range) (Me (IQR)).  
SAR – smile arc ratio; MID – maxillary incisor display; MTE – mandibular teeth 
exposure; BCR – buccal corridor ratio; SI – smile index; ILGR – interlabial  
gap ratio; VDWR – visible dentition width ratio; AFI – arch form index;  
* p ≤ 0.05; ** p < 0.001; Mann–Whitney U-test.

Table 2. Comparison of smile perceptions using the esthetic scores (ES) 
of 3 groups of raters

Treatment 
group

Orthodontic 
residents  
(n = 10)

General 
dentists  
(n = 10)

Laypersons  
(n = 10) p-value

FA 56 (47, 65) 43 (35, 46) 58 (50, 63.5) <0.001**

UPE 51 (41, 60) 41 (36, 52) 48 (38, 61) 0.004*

Data presented as Me (IQR).  
* p ≤ 0.05; ** p < 0.001; Kruskal–Wallis test. 

The simple linear regression analysis showed that age 
(p  =  0.002), BCR (p  =  0.020) and VDWR (p  =  0.006) 
were negatively correlated with the mean ES of the ra-
ters (Table 3); the correlations were statistically signifi-
cant. Age (R2 =  0.13) explained 13% of  the variability 
in the mean ES values, whereas BCR (R2  =  0.07) and 
VDWR (R2  =  0.11) accounted for 7% and 11% of  the 
variability, respectively.

The multiple linear regression was applied to the 
variables which were found to be significant in the 
simple linear regression analysis. Age (p = 0.008) and 
VDRW (p = 0.021) were again found to be statistically 
significant. Age and VDWR (R2 = 0.181) each explained 
18% of the variability in the mean ES values (Table 4).



Dent Med Probl. 2020;57(2):157–163 161

Discussion
This study was conducted to evaluate the effects of func-

tional appliances and upper first premolar extraction therapy 
on smile esthetics. Various studies have been conducted to 
evaluate and compare the smile esthetics achieved with dif-
ferent treatment modalities.20,21–25 In this study, we calcu-
lated the ratios to minimize the magnification errors and the 
measurement bias. However, since a ratio is affected by both 
its numerator and its denominator, it would be interesting to 
shed light on the factors that lead to changes in those ratios, 
and ultimately in smile esthetics. To our knowledge, this is 
the first study to evaluate the effects of removable functional 
appliances (CTB) and upper first premolar extraction on 
smile esthetics. According to our results, we rejected the null 
hypothesis in favor of the FA group, as the ES values given by 
the different panels of raters were higher for the FA group.

A review of the literature shows that numerous studies 
have found no differences between extraction and non-
extraction treatment in terms of the eventual esthetic out-
come.20,24 In our study, we found statistically significant 
differences in BCR, VDWR and AFI between patients 
who underwent FA and UPE treatment. The extractions 
of teeth cause a reduction in the inter-molar width, lead-
ing to the constriction of the dental arches at the poste-
rior dental segments. This reflects the mesial movement 

of  the posterior teeth into narrower parts of  the arch.25 
Similarly, we found that the extraction of the upper first 
premolars produced the constriction of  the upper arch. 
A  reduction in the inter-molar width in the UPE group 
resulted in a greater AFI value, implying that UPE result-
ed in a narrower upper arch. This is in concordance with 
the findings of Cheng and Wang.23 However, Johnson and 
Smith argued against the constriction of the dental arch 
after premolar extractions and pointed out deficiencies in 
the interpretation of these measurements.19 We routinely 
perform maxillary expansion in conjunction with func-
tional appliance treatment to facilitate class II correction, 
and this had an  impact on the inter-molar width in this 
treatment group, leading to better and wider smiles.

Maxillary incisor display and the smile arc are among 
the most crucial aspects of  smile esthetics. Improving 
MID and the smile arc either by increasing or decreas-
ing incisal display can enhance smile esthetics. The MID 
value highlights the amount of incisal and gingival display 
while smiling. A higher MID ratio would suggest an  in-
creased incisal and gingival display during a  smile. We 
found the UPE group to have a greater MID ratio owing 
to the retraction of  the upper teeth, which is in agree-
ment with a recent study by Cheng and Wang.23 Similarly, 
Cheng and Wang also reported that their FA (non-extrac-
tion) group relied upon the expansion of the upper arch 
to gain space. This in turn resulted in a  reduced incisal 
display and flattened smile arcs.23 We also measured SAR, 
which is the depth of the arcs of curvature for the lower 
lip and the upper incisor teeth; a ratio of 1.0 would sug-
gest a consonant and esthetic smile.26 However, in both 
our treatment groups, SAR was below 1.0, which concurs 
with a study conducted by Prasad et al.27 Despite all these 
differences between the 2 treatment groups, both MID 
and SAR were found to be statistically insignificant in our 
study. This can be attributed to the precise finishing and 
detailing received by both treatment groups via fixed la-
bial brackets.

In contrast to MID, MTE during a smile is considered to 
be a sign of aging.28 We found increased MTE and lower  
lip exposure in the FA group, but this difference was sta-
tistically insignificant. Functional appliance treatment 
might have improved the elasticity of the lower lip muscu-
lature, leading to a greater exposure of the lower incisors 
during a  smile, hence the greater ratio. However, MTE 
had a negative association with ES, which concurs with 
a  study conducted by Cheng and Wang.23 Conversely, 
a study conducted by Prasad et al. found no association 
between MTE and ES.27

To visualize and quantify the frontal smile, Ackerman 
and Ackerman developed a ratio called the smile index: 
the inter-commissure width / the interlabial gap.5 A high 
SI value indicates a large outer commissural width and/or 
a small interlabial gap; in other words, a limited smile area.29  
Since the interlabial gap is the denominator in the equa-
tion, a reduction of this denominator increases the ratio. 

Table 3. Effect of smile variables on ES

Variable
Crude beta 
coefficient  

(M ±SD)
95% CI R2 p-value

Treatment 
modality

2.49 ±2.70 (−2.90, 7.88) 0.013 0.350

Gender −0.35 ±2.80 (−6.00, 5.28) <0.001 0.900

Age 
[years]

−0.63 ±0.20 (−1.03, −0.23) 0.130 0.002*

SAR 0.29 ±1.40 (−2.60, 3.20) <0.001 0.840

MID −3.80 ±4.80 (−13.40, 5.86) 0.009 0.430

MTE −0.24 ±1.99 (−4.23, 3.70) <0.001 0.900

BCR −19.40 ±8.33 (−36.12, 2.81) 0.070 0.020*

SI 1.16 ±1.07 (−0.97, 3.30) 0.018 0.280

ILGR −9.60 ±7.79 (−25.18, 5.97) 0.020 0.220

VDWR −31.60 ±11.11 (−53.80, −9.42) 0.110 0.006*

AFI 1.70 ±7.80 (−13.91, 17.43) <0.001 0.820

N = 66; M – mean; SD – standard deviation; CI – confidence interval;  
* p ≤ 0.05; simple linear regression analysis. 

Table 4. Multiple regression analysis of the smile variables affecting ES

Treatment 
group

Crude beta 
coefficient  

(M ±SD)
95% CI p-value R2 

adjusted

Age [years] −0.53 ±0.19 (−0.93, −0.14) 0.008*
0.181

VDWR −25.66 ±10.82 (−47.28, −4.03) 0.021*

N = 66; * p ≤ 0.05; multiple linear regression analysis. 
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We found a  reduction in the interlabial gap in the UPE 
group due to the retraction of the upper and lower lips. 
The smile index showed a  positive association with ES, 
but it was statistically insignificant, implying that a limi-
ted smile area can also be considered acceptable. Our re-
sult is in agreement with Ahrari et al., who found that SI 
had no significant impact on ES.30

For a  normal vertical growth pattern, Bhavsar  et  al. 
reported a mean ILGR of 0.46 +0.09 in a pre-treatment 
group.31 We found considerably reduced ILGRs in both 
our post-treatment groups as compared to their pre-
treatment status, but no statistically significant differ-
ences were found between the 2 treatment modalities in 
terms of ILGR. A rationale for this could be that reduced 
interlabial gap, due to the retraction of  the lips, and in-
ter-canine width in the UPE group might have balanced 
ILGR, leading to similar median scores as in the FA group.

In both genders, minimal buccal corridors are consi-
dered attractive.24 Narrower dental arches can cause wider  
buccal corridor spaces, which can be unesthetic. In our 
sample, we found that the UPE patients had wider buccal 
corridor spaces due to a  reduced maxillary inter-canine 
width. A reduced maxillary inter-canine width led to an in-
creased BCR in the UPE group. Gianelly found a slightly 
increased inter-canine width in non-extraction treatment 
as compared to the extraction of all premolars, which is in 
agreement with our results.32 On the other hand, Yang et al. 
reported that neither extraction nor non-extraction treat-
ment had any effect on the buccal corridor width.33 It has 
been observed that after the 2nd decade of life, a reduc-
tion in the facial muscular tonicity and functionality can 
decrease the inter-commissure width of the lips during 
a smile; therefore, the corners of the lips are not stretched 
apart to the same extent as in the younger age group dur-
ing a social smile.21 Considering these age-related changes, 
wider buccal corridor spaces apparent in the UPE group 
at an early age might not be unesthetic in later years. Due 
to the constriction of  the arch, the UPE group also suf-
fered from less visible dentition during a  smile, leading 
to a  higher VDWR, implying fewer teeth visible during 
a smile. Contrary to our findings, Ghaffar and Fida found 
no significant difference in the visible dentition width while 
evaluating the impact of the extraction of all first premolars 
on smile esthetics.34 In our study, variables such as SAR, 
MID, MTE, SI, and ILGR were not significantly different 
between the treatment groups; this is compatible with the 
results of other studies.23,33

The subjective assessments of smile esthetics made by 
3 different panels of raters revealed that orthodontic resi-
dents, general dentists and laypersons all preferred the 
esthetic outcome of  the FA group over the UPE group. 
However, a study conducted by Peck et al. reported that 
dental professionals’ opinions might differ from layper-
sons’ while evaluating the esthetics of  frontal close-up 
smiles.35 In contrast, we found no significant differences 
between the ES values given by laypersons and dental  

professionals, and our results are in concordance with 
a  study conducted by Ghaffar and Fida.34 Although the 
general dentist group perceived the best esthetic out-
comes with FA treatment, their overall ES values were 
much lower than those of the other raters. This could be 
due to the presence of white spot lesions or gingival in-
flammation induced by orthodontic treatment. In com-
parison, we believe that orthodontic residents scored the 
finished smile esthetics on the basis of alignment, the in-
clination of the teeth, coincident dental midlines, and the 
overall symmetry of the smile. White spot lesions and gin-
gival conditions seemed to have little effect on their ES.

Among the variables we measured, age, BCR and VDWR 
were found to be statistically significant when compared 
to the mean ES values using simple linear regression. Age 
was negatively correlated with the mean ES values; this 
shows a strong association with better esthetic outcomes 
of the FA group, in which the patients started treatment 
at an  earlier age. We found that BCR and VDWR were 
negatively associated with the mean ES values as well. In  
a  computer-based survey, Roden-Johnson  et  al. reported  
that the buccal corridors had no influence on the ES va-
lues given by orthodontists, dentists and laypersons.36  
The multiple regression analysis revealed that both age 
and VDWR were significant factors affecting the ES values  
given by the raters. However, our multiple regression 
model can only explain 18% of  the variability in the ES 
values. We recommend the evaluation of  other factors 
of mini-esthetics and micro-esthetics to better explain the 
rest of the variability in the ES values.

Conclusions
Our study compared the esthetic outcomes between 

functional appliance treatment and premolar extractions in 
skeletal class II malocclusion. The FA group had narrower 
buccal corridor spaces, a greater visible dentition width and 
a wider arch form while smiling. These variables are con-
sidered imperative in finishing orthodontic treatment, and 
providing patients with an attractive and youthful smile. The 
UPE group showed an increase in the buccal corridor width, 
a decreased visible dentition width and a narrower arch form 
during a smile. In the subjective assessments of smile esthe-
tics, each panel preferred the FA group.

Limitations 

A smile is best judged in relation to the whole face, as per-
ceived in the natural world. Moreover, a smile is a dynamic 
process, which means that capturing the ideal smile in each 
patient is difficult. While making measurements on the pho-
tographs, the lip thickness had some influence on a  smile  
– younger participants had fuller and thicker lips on average, 
and that had an impact on the measurement of such vari-
ables as the inter-commisure width and the interlabial gap.
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