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Abstract: Outcome measures reported by patients, clinicians, and lay-observers can help to
tailor treatment plans to meet patients’ needs. This study evaluated orthognathic surgery (OGS)
outcomes using pre- and post-OGS patients’ (n = 84) FACE-Q reports, and a three-dimensional
facial photograph-based panel assessment of facial appearance and psychosocial parameters,
with 96 blinded layperson and orthodontic and surgical professional raters, and verified whether
there were correlations between these outcome measurement tools. Post-OGS FACE-Q and panel
assessment measurements showed significant (p < 0.001) differences from pre-OGS measurements.
Pre-OGS patients’ FACE-Q scores were significantly (p < 0.01) lower than normal, age-, gender-,
and ethnicity-matched individuals’ (n = 54) FACE-Q scores, with no differences in post-OGS
comparisons. The FACE-Q overall facial appearance scale had a low, statistically significant (p < 0.001)
correlation to the facial-aesthetic-based panel assessment, but no correlation to the FACE-Q lower face
and lips scales. No significant correlation was observed between the FACE-Q and panel assessment
psychosocial-related scales. This study demonstrates that OGS treatment positively influences the
facial appearance and psychosocial-related perceptions of patients, clinicians and lay observers,
but that there is only a low, or no, correlation between the FACE-Q and panel assessment tools.
Future investigations may consider the inclusion of both tools as OGS treatment endpoints for
the improvement of patient-centered care, and guiding the health-system-related decision-making
processes of multidisciplinary teams, policymakers, and other stakeholders.

Keywords: orthognathic surgery; patient-reported outcomes; clinician-reported outcomes;
observer-reported outcomes; FACE-Q; panel assessment; facial aesthetic; psychosocial

1. Introduction

Orthognathic surgery (OGS) has been demonstrated to correct a wide spectrum of dentofacial
deformities [1–3]. There is an ever-growing body of OGS outcomes research, focused not only on
functional occlusion, but also on the facial appearance and psychosocial domains [4,5].
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A variety of outcome measurement tools have been adopted to assess these domains, with an
emphasis on patient-reported outcomes (PROs) [1–5].

The recent introduction of the FACE-Q tool, a cross-culturally developed and facial-procedure-
specific PRO instrument, has revolutionized the field of facial surgery outcome research by enabling
the detection of meaningful and interpretable facial features and treatment-related changes and
benefits [6–9]. However, only a few OGS studies have adopted the FACE-Q tool [10,11]. In this
setting, the impact of different surgical interventions, including OGS procedures, on facial aesthetic
and social perceptions, has been demonstrated using the panel assessment tool, a metric that is
centered on clinician-reported outcome (ClinRO, professionals using medical or dental judgments)
and observer-reported outcome (ObsRO, judgments from laypersons with no formal training)
principles [12–23].

Interestingly, certain FACE-Q scales and panel assessment scales recently adopted in OGS studies
have interconnected concepts of interest, including facial appearance (i.e., the FACE-Q facial appraisal
scales and the panel assessment’s beautiful, attractive, and pleasant facial aesthetic scales) and
psychosocial (i.e., the FACE-Q psychosocial scales and the panel assessment’s psychosocial perception
of personality traits and emotional expressions scales) concepts [10,11,17–23]. So far, no OGS study
has applied the PRO-based FACE-Q and ClinRO- and ObsRO-based panel assessment measurement
tools in the same cohort of patients with a dentofacial deformity. Moreover, we are not aware of
any investigation focused on the possible correlations between these outcome measurement tools.
Understanding the multidimensional impact of OGS treatment by comprehending PRO-, ClinRO-,
and ObsRO-based tools may support professionals (psychologists, dentists, orthodontists, ear, nose, and
throat surgeons, plastic surgeons, head and neck surgeons, oral surgeons, and maxillofacial surgeons)
working in multidisciplinary teams to provide better counseling to patients and family members, to set
the expectations of preoperative patients with respect to facial appearance and psychosocial aspects,
and to anticipate potential postoperative care profiles for patients with the early establishment of
psychosocial support.

The primary purpose of this study was to assess the pre- versus post-OGS treatment outcomes
using FACE-Q facial appearance and psychosocial reports and ClinRO- and ObsRO-based panel
assessments of facial aesthetic, personality trait, and emotional expression parameters. A secondary
purpose was to verify whether or not there are correlations between these outcome measurement tools.

2. Patients and Methods

A comparative cross-sectional study was performed, as shown in Figure 1, on patients with
a dentofacial deformity (skeletal Class II and III deformities) who were managed by the same
multidisciplinary team following standard pre- and post-orthognathic surgery (OGS) treatment
principles [24–28] between 2016 and 2017. Demographic, clinical, and outcome (FACE-Q and panel
assessment tool) data were collected from the Chang Gung Craniofacial Research Center’s database.
Patients with an abnormal mentality that would impair the instrument’s application, patients with
a normal occlusion, any syndromic diagnosis, or who had previously undergone facial surgery or
a facial aesthetic procedure, and patients with an incomplete recording or postoperative follow-up
(<12 months), were excluded from this study.

The study was approved by the Institutional Review Board (IRB no. 104-A253B) and conducted
in compliance with the 1975 Declaration of Helsinki as amended in 1983. Patients provided written
consent for the use of their images.
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Figure 1. A flowchart for data collection in the comparative cross-sectional study using FACE-Q (pre- 
and post-orthognathic surgery (OGS) patient and normal individual reports) and panel assessment 
(clinicians’ and observers’ perceptions of patients’ three-dimensional (3D) facial photographs) tools. 
Solid line arrows and dotted line arrows indicate comparison and correlation analyses, respectively. 

The study was approved by the Institutional Review Board (IRB no. 104-A253B) and conducted 
in compliance with the 1975 Declaration of Helsinki as amended in 1983. Patients provided written 
consent for the use of their images. 

2.1. FACE-Q Tool 

Taiwanese Chinese patients completed the validated Mandarin Chinese version of FACE-Q [29] 
during clinical appointments before or after (>12 months) an OGS procedure. Five scales were 
applied, namely three in the facial appraisal domain (the satisfaction with facial appearance overall, 
satisfaction with lower face and jawline, and satisfaction with lips scales), and two in the quality of 
life domain (the social function and psychological well-being scales) [6–11]: 

(a) Satisfaction with facial appearance overall: Measures patient satisfaction with the overall 
appearance of their face. 

(b) Satisfaction with lower face and jawline: Measures patient satisfaction with their lower face 
and jawline. 

(c) Satisfaction with lips: Measures patient satisfaction with their lips. 
(d) Social function: Has a series of positively-worded statements that measure social confidence. 
(e) Psychological well-being: Measures psychological well-being in terms of a series of 

positively-worded statements. 
All FACE-Q scales ask patients to answer items with facial appearance in mind. The sum score 

for each scale was converted to an equivalent Rash score, ranging from 0 to 100, with higher values 
indicating a greater satisfaction with appearance or superior quality of life [6–11]. 

Figure 1. A flowchart for data collection in the comparative cross-sectional study using FACE-Q
(pre- and post-orthognathic surgery (OGS) patient and normal individual reports) and panel assessment
(clinicians’ and observers’ perceptions of patients’ three-dimensional (3D) facial photographs) tools.
Solid line arrows and dotted line arrows indicate comparison and correlation analyses, respectively.

2.1. FACE-Q Tool

Taiwanese Chinese patients completed the validated Mandarin Chinese version of FACE-Q [29]
during clinical appointments before or after (>12 months) an OGS procedure. Five scales were applied,
namely three in the facial appraisal domain (the satisfaction with facial appearance overall, satisfaction
with lower face and jawline, and satisfaction with lips scales), and two in the quality of life domain
(the social function and psychological well-being scales) [6–11]:

(a) Satisfaction with facial appearance overall: Measures patient satisfaction with the overall
appearance of their face.

(b) Satisfaction with lower face and jawline: Measures patient satisfaction with their lower face
and jawline.

(c) Satisfaction with lips: Measures patient satisfaction with their lips.
(d) Social function: Has a series of positively-worded statements that measure social confidence.
(e) Psychological well-being: Measures psychological well-being in terms of a series of

positively-worded statements.

All FACE-Q scales ask patients to answer items with facial appearance in mind. The sum score
for each scale was converted to an equivalent Rash score, ranging from 0 to 100, with higher values
indicating a greater satisfaction with appearance or superior quality of life [6–11].

Normal Taiwanese Chinese individuals’ FACE-Q reports (no history of facial deformity, trauma,
or surgery) were retrieved from the Chang Gung Craniofacial Research Center’s database, matched for
age and gender, and adopted for a comparative analysis.
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2.2. Three-Dimensional (3D)-Image-Based Panel Assessment Tool

Three-dimensional frontal and profile photographic imaging data of preoperative and
postoperative (>12 months) patients were acquired using the 3dMD system (3dMD LLC, Atlanta,
GA, USA) under standard conditions (a permanent installation with a fixed ambient lighting system
and individuals in a fixed position with a natural head position, a relaxed facial musculature, a closed
mouth, and wearing a thin elastic nylon cap to keep the hair away from the face) [30]. Using the
3dMD Vultus software (version 2.2, 3dMD Inc., Atlanta, GA, USA), a standard positioning of the
three-dimensional facial images was achieved through the use of soft tissue reference planes that are
meaningfully correlated to craniofacial skeleton orientation [30,31]. The system was calibrated before
the image capture process.

Presentations (colored slides with frontal and profile views of the right and left sides, respectively)
were delivered using PowerPoint for Mac (Microsoft Corporation, Redmond, WA, USA) on a 15-inch
MacBook Pro (Apple, Inc., Cupertino, CA, USA). All preoperative and postoperative image slides
were randomly distributed and rated by a panel composed of 96 raters, with no previous or current
relationship to the patients using previously-published 7-point Likert scales [17–23]. We used three scales
for facial aesthetic parameters (beautiful, attractive and pleasant), five social scales for personality
trait parameters (intelligent, friendly, threatening, trustworthy and dominant), and six social scales for
emotional expression parameters (angry, surprised, happy, sad, afraid and disgusted) (see Supplemental
Materials, Table S1) [17–23]. For the ObsRO assessment, 72 laypersons (36 women, aged 18–27 years
old) with no specialized professional training (i.e., no dental, medical, or psychology background) were
randomly recruited based on incidental contacts from members of the general community. For the
ClinRO assessment, 24 professionals (12 women) with dental or surgical training (12 orthodontics and
12 plastic surgeons) were randomly selected from the Taiwan Association of Orthodontists and the
Taiwanese Society of Plastic Surgery. All raters received the same instruction and guidance before their
appraisal of the 3D image set. Using one spreadsheet per slide, the rater wrote down (marking a circle
corresponding to a choice from 1 to 7 on a 7-point Likert scale) his/her perceptions of the patient under
appraisal with respect to the facial aesthetic, personality trait and emotional expression parameters.
Raters were blinded to the purpose of the study, masked to the operative status of each image, and were
not permitted to go back in the presentation. Ten percent of the images were randomly replicated
for intra-rater reliability. The scores (1–7) for each scale were averaged for all pre- and post-OGS
photographs, and were then adopted in the analysis.

2.3. Statistical Analysis

For the descriptive analysis, the mean was used for metric variables, and percentages were
used for categorical variables. The data distribution was verified by the Kolmogorov–Smirnov test.
The Wilcoxon signed-rank, Kruskal–Wallis, Spearman’s correlation, Cronbach’s Alpha, and intraclass
correlation coefficient (ICC) tests were used for the analysis [32–37]. A Bonferroni correction was
applied for multiple comparisons. The correlations among the FACE-Q scales were predicted to be
moderate because these scales measure different but related features. For FACE-Q scales versus
panel-assessment-related scales, the correlations were predicted to be low or non-significant, as these
outcome measurement tools assess different constructs within the broader facial appearance and
psychosocial domains. Spearman’s rank correlation coefficients were interpreted as high (r > 0.70),
moderate (r = 0.30–0.70), and low (r < 0.30). Two-sided values of p < 0.05 were considered statistically
significant. All analyses were performed using SPSS version 20.0 (Chicago, IL, USA).

3. Results

Eighty-four patients (22.4 ± 1.4 years of age at time of the FACE-Q report, 50% females, and 84%
with a skeletal class III deformity) and 54 normal, age-, gender-, and ethnicity-matched individuals
were included in this study (Table 1).
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Table 1. Characteristics and FACE-Q reports of patients and normal individuals.

Parameters
Pre-OGS

Assessment
(n = 42)

Post-OGS
Assessment

(n = 42)

Normal
Individuals

(n = 54)
p * p ** p †

Age (y) m ± s.d. 21.1 ± 1.4 22.3 ± 1.5 22.5 ± 1.0 >0.05 >0.05 >0.05
Femalesn (%) 21 (50) 21 (50) 27 (50) >0.05 >0.05 >0.05

FACE-Q scales m ± s.d. (95% CI)

Facial appearance overall 45.2 ± 19.5 58.8 ± 17.1 56.9 ± 15.5
<0.001 <0.001 >0.05(39.2−51.3) (53.4−64.1) (52.6−61.1)

Lower face and jaw line 35.6 ± 27.0 67.8 ± 18.3 65.1 ± 21.6
<0.001 <0.001 >0.05(27.2−44.0) (62.1−73.5) (59.2−71.0)

Lips 47.7 ± 21.6 64.5 ± 22.6 66.7 ± 19.4
<0.001 <0.001 >0.05(41.0−54.5) (57.5−71.5) (61.4−72.0)

Social function
43.7 ± 21.8 56.8 ± 23.2 55.2 ± 20.9

<0.001 <0.001 >0.05(36.9−50.5) (49.5−64.0) (49.5−60.9)

Psychological well−being 53.8 ± 24.6 67.5 ± 23.4 69.4 ± 20.1
<0.001 <0.001 >0.05(46.1−61.4) (60.2−74.9) (63.9−74.9)

Bold values indicate statistical significance after Bonferroni correction. y, years; m, mean; s.d., standard deviation;
n, number of individuals; CI, confidence interval; p, p-value; OGS, orthognathic surgery; *, pre−OGS versus
post−OGS comparisons; **, pre−OGS versus normal comparisons; †, post−OGS versus normal comparisons.

3.1. FACE−Q Tool

Post−OGS FACE−Q facial appraisal (satisfaction with facial appearance overall, satisfaction
with lower face and jawline, and satisfaction with lips scales) and quality of life (social function
and psychological well−being scales) scores were significantly (p < 0.05) higher than pre−OGS
scores. The pre−OGS scores were significantly (p < 0.05) lower than the normal individuals’ scores.
No significant difference was found in the comparisons between patients’ post−OGS reports and
normal individuals’ reports (Table 1).

3.2. Panel Assessment Tool

All post−OGS facial aesthetic, personality trait, and emotional expression scores were significantly
(p < 0.05) different from the pre−OGS scores (Tables 2–4; Figures 2 and 3). No significant differences
were found in the comparisons of surgeons versus orthodontics, laypersons versus surgeons, and
laypersons versus orthodontics scores (Tables 2–4). The intra−and inter−rater reliabilities were good to
excellent for the three groups of raters (ICC = 0.62–0.95), with low, positive correlations (r = 0.02–0.28;
p < 0.05) between layperson, surgeon, and orthodontic raters (see Supplemental Materials, Table S2).

Table 2. Panel assessment of facial aesthetics.

Facial Aesthetic Scales Pre−OGS Assessment Post−OGS Assessment p **

Beautiful m ± s.d. (95% CI)
Lay observer 2.17 ± 0.89 (2.12−2.22) 3.95 ± 1.40 (3.88−4.02) <0.001
Orthodontic 2.22 ± 0.90 (2.11−2.33) 4.14 ± 1.48 (3.99−4.29) <0.001

Surgeon 2.36 ± 0.97 (2.24−2.48) 4.52 ± 1.50 (4.39−4.65) <0.001
p * >0.05 >0.05 –

Attractive m ± s.d. (95% CI)
Lay observer 2.33 ± 0.98 (2.27−2.39) 4.13 ± 1.46 (4.05−4.21) <0.001
Orthodontic 2.40 ± 1.09 (2.27−2.53) 4.49 ± 1.40 (4.35−4.63) <0.001

Surgeon 2.54 ± 1.21 (2.40−2.68) 4.70 ± 1.55 (4.54−4.86) <0.001
p * >0.05 >0.05 –

Pleasant m ± s.d. (95% CI)
Lay observer 2.68 ± 0.74 (2.63−2.73) 4.42 ± 2.77 (4.32−4.52) <0.001
Orthodontic 2.47 ± 0.90 (2.37−2.57) 4.05 ± 1.41 (3.91−4.19) <0.001

Surgeon 2.31 ± 0.87 (2.20−2.42) 4.22 ± 1.49 (4.09−4.35) <0.001
p * >0.05 >0.05 –

Bold values indicate statistical significance after Bonferroni correction. OGS, orthognathic surgery; m, mean; s.d.,
standard deviation; CI, confidence interval; p, p−value; –, not applicable; *, comparisons among the groups of raters;
**, pre−OGS versus post−OGS scores comparisons.
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Table 3. Panel assessment of personality traits.

Personality Trait Scales Pre−OGS Assessment Post−OGS Assessment p **

Intelligent m ± s.d. (95% CI)
Lay observer 3.47 ± 1.46 (3.41−3.53) 4.96 ± 1.59 (4.89−5.05) <0.001
Orthodontic 3.13 ± 1.50 (3.01−3.27) 4.54 ± 1.82 (4.37−4.69) <0.001

Surgeon 3.24 ± 1.26 (3.14−3.36) 4.63 ± 1.79 (4.48−4.79) <0.001
p * >0.05 >0.05 –

Friendly m ± s.d. (95% CI)
Lay observer 3.26 ± 1.38 (3.22−3.32) 4.73 ± 1.71 (4.64−4.82) <0.001
Orthodontic 3.52 ± 1.53 (3.39−3.66) 5.26 ± 1.83 (5.11−5.43) <0.001

Surgeon 3.32 ± 1.54 (3.19−3.46) 4.89 ± 1.61 (4.75−5.03) <0.001
p * >0.05 >0.05 –

Threatening m ± s.d. (95% CI)
Lay observer 3.66 ± 1.70 (3.58−3.74) 3.12 ± 1.51 (3.06−3.18) <0.001
Orthodontic 3.91 ± 1.49 (3.78−4.04) 3.41 ± 1.39 (3.28−3.53) <0.001

Surgeon 3.80 ± 1.28 (3.69−3.91) 3.34 ± 1.55 (3.21−3.48) <0.001
p * >0.05 >0.05 –

Trustworthy m ± s.d. (95% CI)
Lay observer 3.22 ± 1.64 (3.15−3.29) 4.91 ± 1.99 (4.82−5.02) <0.001
Orthodontic 3.40 ± 1.57 (3.27−3.54) 5.03 ± 1.95 (4.86−5.20) <0.001

Surgeon 3.65 ± 1.49 (3.53−3.79) 5.19 ± 1.78 (5.04−5.35) <0.001
p * >0.05 >0.05 –

Dominant m ± s.d. (95% CI)
Lay observer 3.29 ± 1.83 (3.22−3.36) 4.95 ± 1.85 (4.87−5.03) <0.001
Orthodontic 3.53 ± 1.51 (3.40−3.66) 5.15 ± 1.89 (4.98−5.31) <0.001

Surgeon 3.70 ± 1.47 (3.57−3.83) 5.37 ± 1.75 (5.21−5.52) <0.001
p * >0.05 >0.05 –

Bold values indicate statistical significance after Bonferroni correction. OGS, orthognathic surgery; m, mean;
s.d., standard deviation; CI, confidence interval; p, p−value; –, not applicable; *, comparisons among the groups of
raters; **, pre−OGS versus post−OGS scores comparisons.

Table 4. Panel assessment of emotional expressions.

Emotional Expression Scales Pre−OGS Assessment Post−OGS Assessment p **

Angry m ± s.d. (95% CI)
Lay observer 2.73 ± 1.33 (2.65−2.81) 2.30 ± 1.36 (2.26−2.38) <0.001
Orthodontic 2.77 ± 1.40 (2.63−2.91) 2.41 ± 1.25 (2.29−2.53) <0.001

Surgeon 2.64 ± 1.90 (2.51−2.79) 2.23 ± 1.18 (2.13−2.33) <0.001
p * >0.05 >0.05 –

Surprised m ± s.d. (95% CI)
Lay observer 2.61 ± 1.49 (2.56−2.68) 2.99 ± 1.77 (2.91−3.07) <0.001
Orthodontic 2.59 ± 1.35 (2.45−2.73) 2.91 ± 1.19 (2.80−3.02) <0.001

Surgeon 2.45 ± 1.43 (2.34−2.56) 2.83 ± 1.48 (2.72−2.96) <0.001
p * >0.05 >0.05 –

Happy m ± s.d. (95% CI)
Lay observer 3.11 ± 1.25 (3.08−3.16) 3.81 ± 2.39 (3.72−3.90) <0.001
Orthodontic 3.17 ± 1.08 (3.05−3.29) 3.75 ± 1.52 (3.59−3.91) <0.001

Surgeon 3.39 ± 1.55 (3.26−3.52) 3.93 ± 1.94 (3.77−4.09) <0.001
p * >0.05 >0.05 –

Sad m ± s.d. (95% CI)
Lay observer 3.61 ± 1.24 (3.54−3.68) 3.25 ± 1.26 (3.17−3.33) <0.001
Orthodontic 3.83 ± 1.45 (3.71−3.95) 3.32 ± 1.69 (3.18−3.48) <0.001

Surgeon 3.77 ± 1.36 (3.66−3.90) 3.40 ± 1.58 (3.26−3.54) <0.001
p * >0.05 >0.05 –

Afraid m ± s.d. (95% CI)
Lay observer 2.74 ± 1.27 (2.67−2.82) 2.30 ± 1.16 (2.22−2.36) <0.001
Orthodontic 2.98 ± 1.34 (2.86−3.10) 2.59 ± 1.42 (2.46−2.71) <0.001

Surgeon 2.86 ± 1.23 (2.74−2.98) 2.37 ± 1.30 (2.25−2.51) <0.001
p * >0.05 >0.05 –

Disgusted m ± s.d. (95% CI)
Lay observer 3.69 ± 1.24 (3.61−3.76) 3.32±1.44 (3.24−3.41) <0.001
Orthodontic 3.77 ± 1.21 (3.67−3.88) 3.38±1.40 (3.25−3.50) <0.001

Surgeon 3.45 ± 1.65 (3.32−3.58) 3.19±1.59 (3.08−3.30) <0.001
p * >0.05 >0.05 –

Bold values indicate statistical significance after Bonferroni correction. OGS, orthognathic surgery; m, mean; s.d.,
standard deviation; CI, confidence interval; p, p−value; –, not applicable; *, comparisons among the groups of raters;
**, pre−OGS versus post−OGS scores comparisons.



J. Clin. Med. 2019, 8, 909 7 of 16

J. Clin. Med. 2019, 8, x FOR PEER REVIEW 8 of 17 

 

 
Figure 2. An example of a three−dimensional facial image of a male patient with a skeletal class III 
deformity pre−orthognathic surgery. On panel assessment, the average perceived facial personality 
traits were 3.6, 3.1, and 3.3 (lay observer, orthodontic professional, and surgical professional, 
respectively); 3.4, 3.7, and 3.2; 3.8, 4.1, and 3.9; 3.4, 3.3, and 3.8; and 3.1, 3.7, and 3.5 for the intelligent, 
friendly, threatening, trustworthy, and dominant parameters, respectively. 

 
Figure 3. An example of a three−dimensional facial image of a female patient with a skeletal class III 
deformity post−orthognathic surgery. On panel assessment, the average perceived facial personality 
traits were: 4.7, 4.4, and 4.8 (lay observer, orthodontic professional, and surgical professional, 
respectively); 4.8, 5.1, and 4.7; 3.1, 3.5, and 3.4; 5.1, 4.9, and 5.3; and 5.2, 4.9, and 5.4 for the intelligent, 
friendly, threatening, trustworthy, and dominant parameters, respectively. 

 

Figure 2. An example of a three−dimensional facial image of a male patient with a skeletal class III
deformity pre−orthognathic surgery. On panel assessment, the average perceived facial personality traits
were 3.6, 3.1, and 3.3 (lay observer, orthodontic professional, and surgical professional, respectively);
3.4, 3.7, and 3.2; 3.8, 4.1, and 3.9; 3.4, 3.3, and 3.8; and 3.1, 3.7, and 3.5 for the intelligent, friendly,
threatening, trustworthy, and dominant parameters, respectively.

J. Clin. Med. 2019, 8, x FOR PEER REVIEW 8 of 17 

 

 
Figure 2. An example of a three−dimensional facial image of a male patient with a skeletal class III 
deformity pre−orthognathic surgery. On panel assessment, the average perceived facial personality 
traits were 3.6, 3.1, and 3.3 (lay observer, orthodontic professional, and surgical professional, 
respectively); 3.4, 3.7, and 3.2; 3.8, 4.1, and 3.9; 3.4, 3.3, and 3.8; and 3.1, 3.7, and 3.5 for the intelligent, 
friendly, threatening, trustworthy, and dominant parameters, respectively. 

 
Figure 3. An example of a three−dimensional facial image of a female patient with a skeletal class III 
deformity post−orthognathic surgery. On panel assessment, the average perceived facial personality 
traits were: 4.7, 4.4, and 4.8 (lay observer, orthodontic professional, and surgical professional, 
respectively); 4.8, 5.1, and 4.7; 3.1, 3.5, and 3.4; 5.1, 4.9, and 5.3; and 5.2, 4.9, and 5.4 for the intelligent, 
friendly, threatening, trustworthy, and dominant parameters, respectively. 
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class III deformity post−orthognathic surgery. On panel assessment, the average perceived facial
personality traits were: 4.7, 4.4, and 4.8 (lay observer, orthodontic professional, and surgical professional,
respectively); 4.8, 5.1, and 4.7; 3.1, 3.5, and 3.4; 5.1, 4.9, and 5.3; and 5.2, 4.9, and 5.4 for the intelligent,
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3.3. Correlation Evaluation

For the FACE−Q tool, significant (p < 0.05, moderate coefficients) correlations were observed
between the facial appraisal (satisfaction with facial appearance overall, satisfaction with lower face
and jawline, and satisfaction with lips scales) and quality of life (social function and psychological
well−being scales) domains (Table 5).

Table 5. Correlations for Pre− and Post−Orthognathic Surgery Assessment of FACE−Q Scales.

FACE−Q Scales Appearance Overall Lower Face and Jaw Lips Social Function

r (p) r (p) r (p) r (p)

Lower face and jaw
Pre−OGS 0.69 (<0.001) – – –
Post−OGS 0.63 (<0.001) – – –

Lips
Pre−OGS 0.56 (<0.001) 0.68 (<0.001) – –
Post−OGS 0.61 (<0.001) 0.55 (<0.001) – –

Social function
Pre−OGS 0.66 (<0.001) 0.55 (<0.001) 0.52 (<0.001) –
Post−OGS 0.51 (<0.001) 0.60 (<0.001) 0.59 (<0.001) –

Psychological well−being
Pre−OGS 0.64 (<0.001) 0.53 (<0.001) 0.54 (<0.001) 0.69 (<0.001)
Post−OGS 0.57 (<0.001) 0.62 (<0.001) 0.51 (<0.001) 0.65 (<0.001)

Bold values indicate statistical significance after Bonferroni correction. OGS, orthognathic surgery; r, correlation
coefficient; p, p−value; –, not applicable.

For the panel assessment tool, the facial aesthetic scales for the beautiful and attractive parameters
demonstrated significant (p < 0.05, low−to−moderate coefficients) correlations in all three groups of
raters (Table 6; see also Supplemental Materials, Tables S3 and S4). The “pleasant” parameter had
significant (p < 0.05, low coefficients) correlations for pre−OGS clinicians’ scores and non−significant
correlations for post−OGS clinicians’ scores and pre− and post−OGS observers’ scores (Table 6; see also
Supplemental Materials, Tables S3 and S4). No significant correlations were observed for the 11 social
scales (personality trait and emotional expression parameters) (Table 7; Table 8; see also Supplemental
Materials, Tables S5–S8).

Table 6. Correlations for Pre− and Post−Orthognathic Surgery Assessment Scores of FACE−Q Facial
Appraisal Scales and Surgeon−Based Panel Assessment of Facial Aesthetic Scales.

Facial Aesthetic
Scales

FACE−Q Tool Panel Assessment Tool

Appearance
Overall

Lower Face
and Jaw Lips Beautiful Attractive

r (p) r (p) r (p) r (p) r (p)

Beautiful
Pre−OGS 0.26 (<0.001) 0.24 (>0.05) 0.13 (<0.05) – –
Post−OGS 0.21 (<0.001) 0.18 (>0.05) 0.36 (<0.05) – –
Attractive
Pre−OGS 0.29 (<0.001) 0.27 (>0.05) 0.04 (<0.05) 0.49 (<0.001) –
Post−OGS 0.24 (<0.001) 0.09 (>0.05) 0.13 (<0.05) 0.38 (<0.001) –
Pleasant
Pre−OGS 0.02 (<0.001) 0.19 (>0.05) 0.09 (>0.05) 0.23 (<0.001) 0.15 (<0.001)
Post−OGS 0.17 (>0.05) 0.22 (>0.05) 0.28 (>0.05) 0.04 (<0.001) 0.07 (<0.001)

Bold values indicate statistical significance after Bonferroni correction. OGS, orthognathic surgery; r, correlation
coefficient; p, p−value; –, not applicable.

The panel assessment of facial aesthetics presented significant (p < 0.05, low correlation coefficients)
correlations with the FACE−Q satisfaction with the overall facial appearance scale, but had no significant
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correlation with the satisfaction with the lower face and jawline and satisfaction with lips scales (Table 6;
see also Supplemental Materials, Tables S3 and S4). There was no significant correlation between the
panel assessment of personality traits and emotional expressions and the FACE−Q social function and
psychological well−being scales (Tables 7 and 8); see also Supplemental Materials, Tables S5–S8).

Table 7. Correlations for Pre− and Post−Orthognathic Surgery Assessment Scores of FACE−Q Quality
of Life Scales and Orthodontist−Based Panel Assessment of Personality Trait Scales.

Personality
Trait Scales

FACE−Q Tool Panel Assessment Tool

Social Psychological Intelligent Friendly Threat Trust

r (p) r (p) r (p) r (p) r (p) r (p)

Intelligent
Pre−OGS 0.38 (>0.05) 0.14 (>0.05) – – – –
Post−OGS 0.12 (>0.05) 0.17 (>0.05) – – – –
Friendly
Pre−OGS 0.15 (>0.05) 0.33 (>0.05) 0.09 (>0.05) – – –
Post−OGS 0.28 (>0.05) 0.11 (>0.05) 0.03 (>0.05) – – –

Threat
Pre−OGS 0.22 (>0.05) 0.13 (>0.05) 0.25 (>0.05) 0.06 (>0.05) – –
Post−OGS 0.26 (>0.05) 0.27 (>0.05) 0.07 (>0.05) 0.18 (>0.05) – –

Trust
Pre−OGS 0.07 (>0.05) 0.16 (>0.05) 0.19 (>0.05) 0.22 (>0.05) 0.16 (>0.05) –
Post−OGS 0.12 (>0.05) 0.21 (>0.05) 0.07 (>0.05) 0.13 (>0.05) 0.05 (>0.05) –
Dominant
Pre−OGS 0.17 (>0.05) 0.12 (>0.05) 0.24 (>0.05) 0.15 (>0.05) 0.10 (>0.05) 0.24 (>0.05)
Post−OGS 0.22 (>0.05) 0.34 (>0.05) 0.13 (>0.05) 0.21 (>0.05) 0.08 (>0.05) 0.19 (>0.05)

OGS, orthognathic surgery; Threat, threatening; Trust, trustworthy; r, correlation coefficient; p, p−value;
–, not applicable.

Table 8. Correlations for Pre− and Post−Orthognathic Surgery Assessment Scores of FACE−Q Quality
of Life Scales and Lay−Observer−Based Panel Assessment of Emotional Expression Scales.

Emotional
Expression

Scales

FACE−Q Tool Panel Assessment Tool

Social Psychological Angry Surprised Happy Sad Afraid

r (p) r (p) r (p) r (p) r (p) r (p) r (p)

Angry
Pre−OGS 0.08 (>0.05) 0.11 (>0.05) – – – – –
Post−OGS 0.17 (>0.05) 0.22 (>0.05) – – – – –
Surprised
Pre−OGS 0.14 (>0.05) 0.01 (>0.05) 0.18 (>0.05) – – – –
Post−OGS 0.20 (>0.05) 0.14 (>0.05) 0.09 (>0.05) – – – –

Happy
Pre−OGS 0.27 (>0.05) 0.03 (>0.05) 0.23 (>0.05) 0.06 (>0.05) – – –
Post−OGS 0.24 (>0.05) 0.26 (>0.05) 0.07 (>0.05) 0.19 (>0.05) – – –

Sad
Pre−OGS 0.21 (>0.05) 0.25 (>0.05) 0.04 (>0.05) 0.09 (>0.05) 0.13 (>0.05) –
Post−OGS 0.14 (>0.05) 0.08 (>0.05) 0.27 (>0.05) 0.13 (>0.05) 0.05 (>0.05) – –

Afraid
Pre−OGS 0.06 (>0.05) 0.18 (>0.05) 0.22 (>0.05) 0.04 (>0.05) 0.17 (>0.05) 0.20 (>0.05) –
Post−OGS 0.17 (>0.05) 0.11 (>0.05) 0.14 (>0.05) 0.07 (>0.05) 0.25 (>0.05) 0.03 (>0.05) –
Disgusted
Pre−OGS 0.13 (>0.05) 0.17 (>0.05) 0.04 (>0.05) 0.22 (>0.05) 0.09 (>0.05) 0.13 (>0.05) 0.03 (>0.05)
Post−OGS 0.07 (>0.05) 0.01 (>0.05) 0.23 (>0.05) 0.38 (>0.05) 0.17 (>0.05) 0.22 (>0.05) 0.10 (>0.05)

OGS, orthognathic surgery; r, correlation coefficient; p, p−value; –, not applicable.

4. Discussion

The importance of PRO−, ClinRO−, and ObsRO−based measurement tools for OGS treatment
outcomes is increasingly being recognized [1–5,10,11,17–23]. A standard outcome measurement set
should be patient−centered and focus on metrics that matter most to patients, but must also be
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holistic and encompass important outcome domains, including complementary clinician and observer
metrics [1–5,10,11,17–23]. However, to date, the PRO−based FACE−Q tool and the ClinRO− and
ObsRO−based panel assessment tools have not been combined as a single outcome measurement set
in the same cohort of OGS−treated patients.

In previous cross−sectional studies, OGS treatment was found to improve FACE−Q reports
with respect to the facial appraisal and quality of life scales [10,11]. It has also been demonstrated
that the ObsRO−based panel assessment scores significantly change after OGS treatment with
respect to the perceptions of facial aesthetics and personality trait and emotional expression
parameters [17–23]. In this study, we adopted a validated and reliable PRO−based FACE−Q tool
and a high−quality, high−precision 3D facial surface image−based panel assessment. Our current
results reinforce these previous findings [10,11,17–23], as patients’ and laypersons’ post−OGS scores
were significantly different from their pre−OGS measurements. We also contribute to the literature
on OGS by demonstrating the significant impact of OGS treatment on facial aesthetics, personality
traits, and emotional expressions as perceived by clinicians with dental and surgical backgrounds.
Additionally, using normal individuals’ FACE−Q data as a reference point, we revealed substantial
modifications to before and after OGS treatment scores for all tested scales.

Previous non−OGS investigations have shown that facial personality traits can influence careers,
financial success and political leadership [38–42]. Facial emotional expressions play a key role in
guiding social judgments, including deciding whether or not to approach another person [37–43].
Importantly, abnormalities in these facial−aesthetics−based social judgments can result in different
degrees of socially inappropriate and risky behavior [37,38]. Interestingly, a comparative analysis
revealed a positive change in personality traits and emotional expressions in OGS−treated patients
compared to their peers who had not undergone an OGS procedure. Additionally, our findings, along
with previous results [10,11,17–23], suggest that the overall effect of OGS treatment has the potential
to improve patients’, clinicians’ and observers’ perceptions across many aspects of facial appearance
and social interaction. Further investigation is necessary to verify if FACE−Q and panel assessment
tools can predict these socially relevant parameters with important real−world consequences in the
OGS population.

In this investigation, we also explored the question of whether the commonly used ClinRO− and
ObsRO−based panel assessment tools have any correlation to the recently developed PRO−based
FACE−Q tool. In the literature, the presence or absence of associations between two different outcome
measurement tools has implications for the ongoing discussions on how to interpret and apply each
existing measurement tool in clinical practice and research [44–47].

For our study, the tests for correlations were based on predefined propositions about expected
correlations, as they may attenuate the risk of bias for the described results as well as enable us to
avoid alternative explanations after data collection and analysis. The potential correlations between
the FACE−Q and panel assessment tools were established with respect to the facial appearance and
psychosocial domains. To support the testing for correlations, for example, in the psychosocial domain,
we adopted propositions from previous studies: (1) A point that patients repeatedly made during the
development of the FACE−Q psychosocial well−being scale was to feel more confidence at different
levels of social interactions (including in group situations or with strangers) after facial treatment [6];
and (2) the panel assessment of social perceptions was justified by the assumption that the included
groups of raters are representative of the persons with whom the patients may randomly interact on
a daily basis [17–23].

As shown in Table 5, the correlations between the FACE−Q scales had moderate correlation
coefficients. This was also demonstrated by the original developers of the FACE−Q tool [6–9].
It reinforces that each specific FACE−Q scale measures particular features that matter to patients [6–11].
With regard to the remaining correlations, only the FACE−Q satisfaction with the facial appearance
overall scale had significant correlations with the panel assessment of facial aesthetics; however,
it only had a low correlation coefficient. Furthermore, we found no significant correlation between the
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facial−aesthetic−related “pleasant” parameter and some groups of raters (Table 6; see also Supplemental
Materials, Tables S3 and S4), suggesting that the tested tools were appraising the facial appearance
domain in a different way. The FACE−Q satisfaction with the facial appearance overall scale is
composed of multiple items that were carefully selected from a pool of potential items using advanced
qualitative and quantitative research methods [6–9]. This instrument development process resulted in
a particular FACE−Q scale that captures patients’ satisfaction with facial appearance from a global
perspective, with no focus on particular anatomical regions of the face [6–9]. The panel assessment of
facial aesthetics also represents an appraisal of patients’ face photographs from a global perspective.
However, the unidimensional beautiful, attractive, and pleasant scales [17–23] are not as comprehensive
as the FACE−Q satisfaction with the facial appearance overall scale [6–9].

We did not find a significant correlation between the FACE−Q satisfaction with the lower face
and jawline and the satisfaction with the lips scales and the panel assessment of facial aesthetics.
As these FACE−Q scales were specifically developed to capture facial−appearance−related details
for each facial anatomical area [6–9], the patients provided a score for each particular scale mainly by
considering specific regions of the face. In contrast, due to the characteristics of facial aesthetic scales
(generic and unidimensional features) adopted for panel assessment [17–23], it is plausible to suppose
that raters (including professionals who specialize in surgical and orthodontic fields) primarily rated
the face as an overall unit, with the lower face and lips regions not necessarily being considered as
targets of appraisal. Further studies should further investigate this issue with the inclusion of a panel
assessment of both full−face and cropped facial images (lower face and lip regions), by using facial
anatomical region−specific scales (e.g., lip attractiveness).

Our results show that the panel assessment of personality traits and emotional expressions did
not have a significant correlation with the FACE−Q social and psychological well−being scales. Similar
explanations regarding the dimensionality and comprehensiveness of the tested scales as those detailed
above may be applied to these findings. Furthermore, as the psychosocial domain should be interpreted
as being represented by an integrated biopsychosocial model of health status that accounts for the
complex interplay, not only of psychological factors, but also of sociodemographic and environmental
components [48], several features not directly measured in our study may have influenced patients’,
clinicians’ and observers’ perceptions regarding pre− and post−OGS treatment status as well as the
tested correlations. As the panel assessment was an indirect appraisal of patients’ faces, raters’ judgments
may have been influenced by their prior experiences as well as other non−controlled−for factors
(e.g., eyes and beard aspects), that can lead to scoring that is unconnected to OGS−treatment−related
features. On the other hand, the FACE−Q reports are probably subject to a marked influence from the
expectations and results (pre−OGS and post−OGS measurements, respectively) of the OGS treatment
itself on the patients’ scores.

Therefore, while the results of our panel assessment, as well as the results of previous
studies [17–23], demonstrated that post−OGS patients’ facial images were perceived to be more
friendly, happy, trustworthy, intelligent and dominant and less threatening, angry, sad, afraid and
disgusted, the relationship between these parameters and the patients’ perspective about themselves
in a “real−world environment” should be verified in future studies using study designs with
alternate methodologies.

This study is not without limitations. As only patients matched for age, gender and type of skeletal
deformity were included, a relatively small final sample was adopted in the analysis. The number of
enrolled FACE−Q reports and facial photographs was, however, superior to previous studies evaluating
similar outcome measurement tools [10,11,17–23]. Moreover, our cohort was constituted by patients
with no stratification per facial appearance as judged by the authors or treating professionals, reducing
the bias related to this analysis based only on the “best surgical results” [19,20]. Extrapolations from
the current findings on the impact of OGS treatment on the tested parameters should be carefully
made. This study was grounded on patients who were managed by senior professionals (orthodontists
and surgeons) working in a multidisciplinary OGS team with specific technical strategies, such as
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3D simulation, a digital occlusion setup, a surgery−first model, the single−splint, two−jaw surgery
technique, and modified face bow principles [24–28]. The context of data collection should also
be considered when interpreting these results, as facial aesthetics, personality traits and emotional
expressions are perceived differently by individuals of different cultural backgrounds [49,50]. There are
particular nuances for facial−appearance−related treatments and appraisals in Asians compared to
Caucasians [51,52].

Similarly to previous PRO−based cross−sectional studies [10,11,53], the relationships identified
using correlation coefficients should be interpreted as associations and not causal relations [33].
The present study may act as a data reference to generate hypotheses that justify further investigations.
Regarding the panel assessment tool, we did not include professionals with different training
backgrounds. In contrast to previous OGS studies that used the panel assessment tool [17–23], we have
divided the raters into two groups: Clinicians and observers. Each group of raters demonstrated
good to excellent intra− and inter−rater reliability, indicating that the panel assessment data were
consistently collected. However, only low correlations were observed between lay observers and
clinicians, indicating that the presence of a background in surgery or orthodontics may have some
influence on an appraisal of facial aesthetic, personality trait and emotional expression features. Based
on our findings, we suggest that some of the results from panel assessments in previous studies on these
same features should be cautiously interpreted, as no explicit criteria were adopted to separate raters
with and without specialized training [17–23]. Further research may increase the number of observers
and also include OGS−treated patients and other professionals (e.g., general dentists, psychologists,
ear, nose and throat surgeons, head and neck surgeons, oral surgeons, and maxillofacial surgeons) as
raters to help us better understand these OGS outcomes. Other groups are also encouraged to assess
their OGS cohorts to verify and expand our findings by enrolling a large sample of patients managed
with a different orthodontic–surgical approach, as well as by performing further analyses, including
an evaluation of the potential impact of independent variables (e.g., sociodemographic, clinical and
surgical information) on FACE−Q and panel assessment tools. Further OGS outcome measurement
tools, such as alternative scales for panel assessment (e.g., perceptions of symmetry, presence of lip
cant, and harmony of smile), may also be tested.

We have addressed the social aspects of face perception (e.g., attractiveness and emotional
expressions) as they have consistently been recognized as fundamental to human social
interaction [12–15,17–23,38–43,54–57]. However, research on the OGS population should be
expanded to additional facial−perception−associated areas of interest, such as neuropsychological
mechanisms, through a multidisciplinary research collaboration with groundbreaking engineering
technologies (e.g., brain scanning, direct stimulation of the brain, visual adaptation, and single−cell
recording) [58–60].

Despite these shortcomings, the results of the present study enable us to provide practical
suggestions for future OGS−outcome−based research and clinical practice. Institutions, clinicians,
healthcare networks, and policymakers use results from clinical trials as the foundation for healthcare
decision−making when managing individual patients or particular populations [44–47,61–64].
To design valid and meaningful clinical trials, the fundamental issue is “which form of therapeutic
management presents the highest possibility of being more beneficial for the least cost and inconvenience
(i.e., risk–benefit ratio) to the patient as well as to the provider?” [61]. The selection of a proper
outcome measurement tool is, therefore, a key component that influences the value of outcome−based
research [44–47,61–64]. As both the panel assessment tool and the FACE−Q tool were found to
be capable of distinguishing patients before and after OGS treatment, consistent with previous
findings [10,11,17–23], the lack of statistical significance for most of the tested correlations was
probably not related to an inability of each tool to capture relevant factors connected with the patient
(facial appearance and social factors), the disease (dentofacial deformity) and OGS treatment. In
addition, considering the inherent bias in, and limitations to, each outcome measure tool, recent
literature has counseled that it can be advantageous to use different tools to complement one
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another [44–47]. We may, therefore, advocate for the adoption of panel assessment and FACE−Q tools,
either in isolation (this is acceptable if the study is constructed over a well−defined hypothesis and the
restrictions of each tool are accepted) or in combination (two or more outcome measurement tools),
but not as interchangeable tools. As such, capturing FACE−Q data would be a valuable addition to
a panel assessment (and vice−versa) as, in fact, one outcome measurement tool may provide useful
and complementary information beyond that provided by another one about the domains under
consideration. For this, it is of paramount importance that each specific tool is appropriately selected
using an a priori hypothesis regarding the clinical scenario or treatment outcome.

For clinical practice, the integration of ClinRO− and ObsRO−based metrics with appropriate
PRO−based measures should allow for multidisciplinary teams to move toward patient−centered care.
It is reasonable to better educate future OGS patients on the differences among clinicians’, observers’
and actual patients’ perspectives, as they reflect dissimilar but complementary contexts. FACE−Q data
may help health−care professionals predict how future patients are likely to react to a range of concepts
within the facial appearance and psychosocial domains, while a panel assessment may help these
professionals understand how a patient’s facial appearance is likely to generate perceptions among
the general public and clinicians. Policymakers and other stakeholders may also apply the current
findings in strategic, science−driven and health−system−related decision−making processes, and to
guide investment decisions for the management of patients with facial deformities and malocclusion.

5. Conclusions

This study demonstrates that: (1) OGS treatment positively influences patients’ facial appearance
and psychosocial perceptions, as well as clinicians’ and lay observers’ perceptions of the facial aesthetics,
personality traits, and emotional expressions of OGS patients; and (2) there is a low, or no, correlation
between the FACE−Q and panel assessment tools.
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Table S1: Rating scales adopted in the panel assessment, Table S2: Reliability data for the panel assessment
tool used in this study, Table S3: Correlations for Pre− and Post−Orthognathic Surgery Assessment Scores of
FACE−Q Facial Appraisal Scales and Orthodontic−Based Panel Assessment of Facial Aesthetic Scales, Table S4:
Correlations for Pre− and Post−Orthognathic Surgery Assessment Scores of FACE−Q Facial Appraisal Scales
and Lay−Observer−Based Panel Assessment of Facial Aesthetic Scales, Table S5: Correlations for Pre− and
Post−Orthognathic Surgery Assessment Scores of FACE−Q Quality of Life Scales and Surgeon−Based Panel
Assessment of Personality Trait Scales, Table S6: Correlations for Pre− and Post−Orthognathic Surgery Assessment
Scores of FACE−Q Quality of Life Scales and Lay−Observer−Based Panel Assessment of Personality Trait Scales,
Table S7: Correlations for Pre− and Post−Orthognathic Surgery Assessment Scores of FACE−Q Quality of Life
Scales and Surgeon−Based Panel Assessment of Emotional Expression Scales, Table S8: Correlations for Pre− and
Post−Orthognathic Surgery Assessment Scores of FACE−Q Quality of Life Scales and Orthodontic−Based Panel
Assessment of Emotional Expression Scales.

Author Contributions: Conceptualization, R.D., P.-Y.C., and L.-J.L.; formal analysis, R.D. and P.-Y.C.; investigation,
R.D., P.-Y.C., Y.-Y.S., C.-C.L., H.-H.L., and C.-T.H.; data curation, R.D., P.-Y.C., C.-C.L., and Y.-Y.S.; writing—original
draft preparation, R.D. and P.-Y.C.; writing—review and editing, H.-H.L., C.-T.H., and L.-J.L.; supervision, L.-J.L.;
project administration, L.-J.L.

Funding: Part of this study was supported by a grant from the Ministry of Science and Technology
(MOST 106-2314-B-182-027-MY2).

Acknowledgments: We would like to thank all laypersons, surgical professionals, orthodontic professionals, and
research assistants (Fang-Yu Pan, Yi-Tan Hung, and Lien-Shin Niu) who provided help with data collection. The
Mandarin Chinese version of FACE-Q can be accessed through the Mapi Research Trust.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Lonic, D.; Lo, L.-J. Three-dimensional simulation of orthognathic surgery—Surgeon’s perspective. J. Formos.
Med. Assoc. 2016, 115, 387–388. [CrossRef] [PubMed]

2. Yamaguchi, K.; Lonic, D.; Ko, E.W.-C.; Lo, L.-J. An integrated surgical protocol for adult patients with
hemifacial microsomia: Methods and outcome. PLoS ONE 2017, 12, e0177223. [CrossRef] [PubMed]

http://www.mdpi.com/2077-0383/8/6/909/s1
http://dx.doi.org/10.1016/j.jfma.2015.09.002
http://www.ncbi.nlm.nih.gov/pubmed/26482093
http://dx.doi.org/10.1371/journal.pone.0177223
http://www.ncbi.nlm.nih.gov/pubmed/28783745


J. Clin. Med. 2019, 8, 909 14 of 16

3. Lonic, D.; Pai, B.C.-J.; Yamaguchi, K.; Chortrakarnkij, P.; Lin, H.-H.; Lo, L.-J. Computer-Assisted Orthognathic
Surgery for Patients with Cleft Lip/Palate: From Traditional Planning to Three-Dimensional Surgical
Simulation. PLoS ONE 2016, 11, e0152014. [CrossRef] [PubMed]

4. Liddle, M.J.; Baker, S.R.; Smith, K.G.; Thompson, A.R. Psychosocial Outcomes in Orthognathic Surgery:
A Review of the Literature. Cleft Palate Craniofacial J. 2015, 52, 458–470. [CrossRef] [PubMed]

5. Naran, S.; Steinbacher, D.M.; Taylor, J.A. Current Concepts in Orthognathic Surgery. Plast. Reconstr. Surg.
2018, 141, 925e–936e. [CrossRef] [PubMed]

6. Klassen, A.F.; Cano, S.J.; Scott, A.; Snell, L.; Pusic, A.L. Measuring Patient-Reported Outcomes in Facial
Aesthetic Patients: Development of the FACE-Q. Facial Plast. Surg. 2010, 26, 303–309. [CrossRef] [PubMed]

7. Pusic, A.L.; Klassen, A.F.; Scott, A.M.; Cano, S.J. Development and Psychometric Evaluation of the FACE-Q
Satisfaction with Appearance Scale. Clin. Plast. Surg. 2013, 40, 249–260. [CrossRef]

8. Klassen, A.F.; Cano, S.J.; Scott, A.M.; Pusic, A.L. Measuring outcomes that matter to face-lift patients:
Development and validation of FACE-Q appearance appraisal scales and adverse effects checklist for the
lower face and neck. Plast. Reconstr. Surg. 2014, 133, 21–30. [CrossRef]

9. Klassen, A.F.; Cano, S.J.; Schwitzer, J.A.; Scott, A.M.; Pusic, A.L. FACE-Q Scales for Health-Related Quality of
Life, Early Life Impact, Satisfaction with Outcomes, and Decision to Have Treatment. Plast. Reconstr. Surg.
2015, 135, 375–386. [CrossRef]

10. Tan, S.K.; Leung, W.K.; Tang, A.T.H.; Tse, E.C.M.; Zwahlen, R.A. Orthognathic Relevant Scales of FACE-Q:
Translation and Validation for Hong Kong Chinese Patients. Plast. Reconstr. Surg. Glob. Open 2017, 5, e1608.
[CrossRef]

11. Schwitzer, J.A.; Albino, F.P.; Mathis, R.K.; Scott, A.M.; Gamble, L.; Baker, S.B. Assessing Patient-Reported
Outcomes Following Orthognathic Surgery and Osseous Genioplasty. J. Craniofacial Surg. 2015, 26, 2293–2298.
[CrossRef] [PubMed]

12. Bater, K.L.; Ishii, L.E.; Papel, I.D.; Kontis, T.C.; Byrne, P.J.; Boahene, K.D.O.; Nellis, J.C.; Ishii, M. Association
Between Facial Rejuvenation and Observer Ratings of Youth, Attractiveness, Success, and Health. JAMA Facial
Plast. Surg. 2017, 19, 360–367. [CrossRef] [PubMed]

13. Ishii, M.; Nellis, J.C.; Papel, I.D.; Kontis, T.C.; Byrne, P.J.; O’Boahene, K.D.; Bater, K.L.; E Ishii, L. Association
of Face-lift Surgery with Social Perception, Age, Attractiveness, Health, and Success. JAMA Facial Plast. Surg.
2017, 19, 311–317.

14. Reilly, M.J.; Tomsic, J.A.; Fernandez, S.J.; Davison, S.P. Effect of Facial Rejuvenation Surgery on Perceived
Attractiveness, Femininity, and Personality. JAMA Facial Plast. Surg. 2015, 17, 202–207. [CrossRef] [PubMed]

15. Kerr, W.J.S.; O’Donnell, J.M. Panel Perception of Facial Attractiveness. Br. J. Orthod. 1990, 17, 299–304.
[CrossRef] [PubMed]

16. Lo, L.-J.; Wong, F.-H.; Mardini, S.; Chen, Y.-R.; Noordhoff, M.S. Assessment of Bilateral Cleft Lip Nose
Deformity: A Comparison of Results as Judged by Cleft Surgeons and Laypersons. Plast. Reconstr. Surg.
2002, 110, 733–738. [CrossRef] [PubMed]

17. Posnick, J.C.; Kinard, B.E. Orthognathic Surgery Has a Significant Positive Effect on Perceived Personality
Traits and Perceived Emotional Facial Expressions in Subjects with Primary Maxillary Deficiency.
Plast. Reconstr. Surg. Glob. Open 2019, 7, e2198. [CrossRef]

18. Posnick, J.C.; Kinard, B.E. Orthognathic Surgery Has a Significant Positive Effect on Perceived Personality
Traits and Perceived Emotional Expressions in Long Face Patients. J. Oral Maxillofac. Surg. 2019, 77,
408.e1–408.e10. [CrossRef]

19. Lin, L.O.; Zhang, R.S.; Mazzaferro, D.M.; Hoppe, I.C.; Pearl, R.L.; Swanson, J.W.; Bartlett, S.P.; Taylor, J.A.
Influence of Repaired Cleft Lip and Palate on Layperson Perception following Orthognathic Surgery.
Plast. Reconstr. Surg. 2018, 142, 1012–1022. [CrossRef]

20. Mazzaferro, D.M.; Wes, A.M.; Naran, S.; Pearl, R.; Bartlett, S.P.; Taylor, J.A. Orthognathic Surgery Has
a Significant Effect on Perceived Personality Traits and Emotional Expressions. Plast. Reconstr. Surg. 2017,
140, 971–981. [CrossRef]

21. Sinko, K.; Jagsch, R.; Benes, B.; Millesi, G.; Fischmeister, F.P.; Ewers, R. Facial aesthetics and the assignment
of personality traits before and after orthognathic surgery. Int. J. Oral Maxillofac. Surg. 2012, 41, 469–476.
[CrossRef] [PubMed]

http://dx.doi.org/10.1371/journal.pone.0152014
http://www.ncbi.nlm.nih.gov/pubmed/27002726
http://dx.doi.org/10.1597/14-021
http://www.ncbi.nlm.nih.gov/pubmed/25191866
http://dx.doi.org/10.1097/PRS.0000000000004438
http://www.ncbi.nlm.nih.gov/pubmed/29794714
http://dx.doi.org/10.1055/s-0030-1262313
http://www.ncbi.nlm.nih.gov/pubmed/20665408
http://dx.doi.org/10.1016/j.cps.2012.12.001
http://dx.doi.org/10.1097/01.prs.0000436814.11462.94
http://dx.doi.org/10.1097/PRS.0000000000000895
http://dx.doi.org/10.1097/GOX.0000000000001608
http://dx.doi.org/10.1097/SCS.0000000000001983
http://www.ncbi.nlm.nih.gov/pubmed/26501967
http://dx.doi.org/10.1001/jamafacial.2017.0126
http://www.ncbi.nlm.nih.gov/pubmed/28448667
http://dx.doi.org/10.1001/jamafacial.2015.0158
http://www.ncbi.nlm.nih.gov/pubmed/25856281
http://dx.doi.org/10.1179/bjo.17.4.299
http://www.ncbi.nlm.nih.gov/pubmed/2285698
http://dx.doi.org/10.1097/00006534-200209010-00001
http://www.ncbi.nlm.nih.gov/pubmed/12172130
http://dx.doi.org/10.1097/GOX.0000000000002198
http://dx.doi.org/10.1016/j.joms.2018.10.005
http://dx.doi.org/10.1097/PRS.0000000000004778
http://dx.doi.org/10.1097/PRS.0000000000003760
http://dx.doi.org/10.1016/j.ijom.2011.10.026
http://www.ncbi.nlm.nih.gov/pubmed/22129999


J. Clin. Med. 2019, 8, 909 15 of 16

22. Sinko, K.; Tran, U.S.; Wutzl, A.; Seemann, R.; Millesi, G.; Jagsch, R. Perception of aesthetics and personality
traits in orthognathic surgery patients: A comparison of still and moving images. PLoS ONE 2018, 13,
e0196856. [CrossRef] [PubMed]

23. Sinko, K.; Jagsch, R.; Drog, C.; Mosgoeller, W.; Wutzl, A.; Millesi, G.; Klug, C. Facial esthetics and the
assignment of personality traits before and after orthognathic surgery rated on video clips. PLoS ONE 2018,
13, e0191718. [CrossRef] [PubMed]

24. Ho, C.T.; Lin, H.H.; Lo, L.J. Intraoral scanning and setting up the digital final occlusion in 3D planning
of orthognathic surgery: Its comparison with the dental model approach. Plast. Reconstr. Surg. 2019, 143,
1027e–1036e. [CrossRef] [PubMed]

25. Ho, C.-T.; Lin, H.-H.; Liou, E.J.W.; Lo, L.-J. Three-dimensional surgical simulation improves the planning for
correction of facial prognathism and asymmetry: A qualitative and quantitative study. Sci. Rep. 2017, 7,
40423. [CrossRef]

26. Wu, T.-Y.; Lin, H.-H.; Lo, L.-J.; Ho, C.-T. Postoperative outcomes of two- and three-dimensional planning in
orthognathic surgery: A comparative study. J. Plast. Reconstr. Aesthetic Surg. 2017, 70, 1101–1111. [CrossRef]

27. Chortrakarnkij, P.; Lonic, D.; Lin, H.H.; Yamaguchi, K.; Kim, S.G.; Lo, L.J. A modified technique of mandibular
ramus sagittal split osteotomy for prevention of inferior alveolar nerve injury: A prospective cohort study
and outcome assessment. Ann. Plast. Surg. 2017, 78, S108–S116. [CrossRef]

28. Lin, H.H.; Chang, H.W.; Wang, C.H.; Kim, S.G.; Lo, L.J. Three-dimensional computer-assisted orthognathic
surgery: Experience of 37 patients. Ann. Plast. Surg. 2015, 74, S118–126. [CrossRef]

29. Su, Y.Y.; Denadai, R.; Ho, C.T.; Lai, B.R.; Lo, L.J. Measuring patient-reported outcomes in orthognathic
surgery: Linguistic and psychometric validation of the Mandarin Chinese version of FACE-Q. Instrum.
Biomed. J. 2019. [CrossRef]

30. Chou, P.-Y.; Denadai, R.; Chen, S.-H.; Tseng, H.-J.; Hsu, C.-K.; Wang, S.-W.; Hallac, R.; Chen, C.-H.; Kane, A.A.;
Lo, L.-J. Identifying Three-Dimensional Facial Fluctuating Asymmetry in Normal Pediatric Individuals:
A Panel Assessment Outcome Study of Clinicians and Observers. J. Clin. Med. 2019, 8, 648. [CrossRef]

31. Seo, H.J.; Denadai, R.; Lo, L.J. Long-term nasal growth after primary rhinoplasty for bilateral cleft lip nose
deformity: A three-dimensional photogrammetric study with comparative analysis. J. Clin Med. 2019, 8, 602.
[CrossRef] [PubMed]

32. Altman, D.G. Practical Statistics for Medical Research, 1st ed.; Chapman & Hall/CRC: Boca Raton, FL, USA, 1990.
33. Beebee, H.; Hitchcock, C.; Menzies, P. The Oxford Handbook of Causation; Oxford University Press: Oxford,

USA, 2009.
34. Swinscow, T.D.V. Statistics at Square One, 9th ed.; Campbell, M.J., Ed.; University of Southampton;

BMJ Publishing Group: London, UK, 1997.
35. Hinkle, D.E.; Wiersma, W.; Jurs, S.G. Applied Statistics for the Behavioral Sciences, 5th ed.; Houghton Mifflin:

Boston, MS, USA, 2003.
36. Cortina, J.M. What is coefficient alpha? An examination of theory and applications. J. Appl. Psychol. 1993, 78,

98–104. [CrossRef]
37. McGraw, K.O.; Wong, S.P. Forming inferences about some intraclass correlation coefficients. Psychol. Methods

1996, 1, 30–46. [CrossRef]
38. Little, A.C.; Roberts, S.C. Evolution, Appearance, and Occupational Success. Evol. Psychol. 2012, 10, 782–801.

[CrossRef] [PubMed]
39. Dion, K.; Berscheid, E.; Walster, E. What is beautiful is good. J. Pers. Soc. Psychol. 1972, 24, 285–290.

[CrossRef] [PubMed]
40. Sigall, H.; Ostrove, N. Beautiful but dangerous: Effects of offender attractiveness and nature of the crime on

juridic judgment. J. Pers. Soc. Psychol. 1975, 31, 410–414. [CrossRef]
41. Cash, T.F.; Kilcullen, R.N. The Aye of the Beholder: Susceptibility to Sexism and Beautyism in the Evaluation

of Managerial Applicants1. J. Appl. Soc. Psychol. 1985, 15, 591–605. [CrossRef]
42. Livingston, R.W.; Pearce, N.A. The teddy-bear effect: Does having a baby face benefit black chief executive

officers? Psychol. Sci. 2009, 20, 1229–1236. [CrossRef]
43. Zebrowitz, L.A.; Montepare, J.M. Social Psychological Face Perception: Why Appearance Matters. Soc. Pers.

Psychol. Compass 2008, 2, 1497–1517. [CrossRef]
44. Sinno, H.; Dionisopoulos, T.; Slavin, S.A.; Ibrahim, A.M.S.; Chung, K.C.; Lin, S.J. The Utility of Outcome

Studies in Plastic Surgery. Plast. Reconstr. Surg. Glob. Open 2014, 2, 189. [CrossRef]

http://dx.doi.org/10.1371/journal.pone.0196856
http://www.ncbi.nlm.nih.gov/pubmed/29775466
http://dx.doi.org/10.1371/journal.pone.0191718
http://www.ncbi.nlm.nih.gov/pubmed/29390018
http://dx.doi.org/10.1097/PRS.0000000000005556
http://www.ncbi.nlm.nih.gov/pubmed/31033828
http://dx.doi.org/10.1038/srep40423
http://dx.doi.org/10.1016/j.bjps.2017.04.012
http://dx.doi.org/10.1097/SAP.0000000000001015
http://dx.doi.org/10.1097/SAP.0000000000000455
http://dx.doi.org/10.1016/j.bj.2019.05.011
http://dx.doi.org/10.3390/jcm8050648
http://dx.doi.org/10.3390/jcm8050602
http://www.ncbi.nlm.nih.gov/pubmed/31052470
http://dx.doi.org/10.1037/0021-9010.78.1.98
http://dx.doi.org/10.1037/1082-989X.1.1.30
http://dx.doi.org/10.1177/147470491201000503
http://www.ncbi.nlm.nih.gov/pubmed/23379018
http://dx.doi.org/10.1037/h0033731
http://www.ncbi.nlm.nih.gov/pubmed/4655540
http://dx.doi.org/10.1037/h0076472
http://dx.doi.org/10.1111/j.1559-1816.1985.tb00903.x
http://dx.doi.org/10.1111/j.1467-9280.2009.02431.x
http://dx.doi.org/10.1111/j.1751-9004.2008.00109.x
http://dx.doi.org/10.1097/GOX.0000000000000104


J. Clin. Med. 2019, 8, 909 16 of 16

45. Black, N. Patient reported outcome measures could help transform healthcare. BMJ 2013, 346, f167. [CrossRef]
[PubMed]

46. Rhee, J.S.; McMullin, B.T. Outcome measures in facial plastic surgery: Patient-reported and clinical efficacy
measures. Arch. Facial Plast. Surg. 2008, 10, 194–207. [CrossRef] [PubMed]

47. Rhee, J.S.; McMullin, B.T. Measuring outcomes in facial plastic surgery: A decade of progress. Curr. Opin.
Otolaryngol. Head Neck Surg. 2008, 16, 387–393. [CrossRef] [PubMed]

48. Engel, G. The need for a new medical model: A challenge for biomedicine. Science 1977, 196, 129–136.
[CrossRef] [PubMed]

49. Jack, R.E.; Garrod, O.G.B.; Yu, H.; Caldara, R.; Schyns, P.G. Facial expressions of emotion are not culturally
universal. Proc. Natl. Acad. Sci. USA 2012, 109, 7241–7244. [CrossRef] [PubMed]

50. Darrach, H.; Ishii, L.E.; Liao, D.; Nellis, J.C.; Bater, K.; Cobo, R.; Byrne, P.J.; Boahene, K.D.O.; Papel, I.D.;
Kontis, T.C.; et al. Assessment of the Influence of “Other-Race Effect” on Visual Attention and Perception of
Attractiveness Before and After Rhinoplasty. JAMA Facial Plast. Surg. 2019, 21, 96. [CrossRef] [PubMed]

51. Choi, B.-K.; Goh, R.C.; Moaveni, Z.; Lo, L.-J. Patient satisfaction after zygoma and mandible reduction
surgery: An outcome assessment. J. Plast. Reconstr. Aesthetic Surg. 2010, 63, 1260–1264. [CrossRef]

52. Morris, D.E.; Moaveni, Z.; Lo, L.-J. Aesthetic Facial Skeletal Contouring in the Asian Patient. Clin. Plast.
Surg. 2007, 34, 547–556. [CrossRef]

53. van de Grift, T.C.; Elfering, L.; Greijdanus, M.; Smit, J.M.; Bouman, M.B.; Klassen, A.F.; Mullender, M.G.
Subcutaneous mastectomy improves satisfaction with body and psychosocial function in trans men: Findings
of a cross-sectional study using the BODY-Q chest module. Plast. Reconstr. Surg. 2018, 142, 1125–1132.
[CrossRef]

54. Willis, M.L.; Palermo, R.; Burke, D. Social Judgments are Influenced by Both Facial Expression and Direction
of Eye Gaze. Soc. Cogn. 2011, 29, 415–429. [CrossRef]

55. Willis, M.L.; Palermo, R.; Burke, D. Judging approachability on the face of it: The influence of face and body
expressions on the perception of approachability. Emotion 2011, 11, 514–523. [CrossRef]

56. Willis, M.L.; Dodd, H.F.; Palermo, R. The Relationship between Anxiety and the Social Judgements of
Approachability and Trustworthiness. PLoS ONE 2013, 8, e76825. [CrossRef]

57. Willis, M.L.; Windsor, N.A.; Lawson, D.L.; Ridley, N.J. Situational Context and Perceived Threat Modulate
Approachability Judgements to Emotional Faces. PLoS ONE 2015, 10, e0131472. [CrossRef]

58. Hermann, P.; Bankó, É.M.; Gál, V.; Vidnyánszky, Z. Neural Basis of Identity Information Extraction from
Noisy Face Images. J. Neurosci. 2015, 35, 7165–7173. [CrossRef]

59. McGugin, R.W.; Gauthier, I. The reliability of individual differences in face-selective responses in the fusiform
gyrus and their relation to face recognition ability. Brain Imaging Behav. 2016, 10, 707–718. [CrossRef]

60. Guntupalli, J.S.; Wheeler, K.G.; Gobbini, M.I. Disentangling the representation of identity from head view
along the human face processing pathway. Cereb. Cortex 2017, 27, 46–53. [CrossRef]

61. Vig, P.S.; Vig, K.D. Decision analysis to optimize the outcomes for class II division I orthodontic treatment.
Semin. Orthod. 1995, 1, 139–148. [CrossRef]

62. Coster, W.J. Making the Best Match: Selecting Outcome Measures for Clinical Trials and Outcome Studies.
Am. J. Occup. Ther. 2013, 67, 162–170. [CrossRef]

63. Sankoh, A.J.; Li, H.; D’Agostino, R.B. Composite and multicomponent end points in clinical trials. Stat. Med.
2017, 36, 4437–4440. [CrossRef]

64. Mercieca-Bebber, R.; King, M.T.; Calvert, M.J.; Stockler, M.R.; Friedlander, M. The importance of
patient-reported outcomes in clinical trials and strategies for future optimization. Patient Relat. Outcome
Meas. 2018, 9, 353–367. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1136/bmj.f167
http://www.ncbi.nlm.nih.gov/pubmed/23358487
http://dx.doi.org/10.1001/archfaci.10.3.194
http://www.ncbi.nlm.nih.gov/pubmed/18490547
http://dx.doi.org/10.1097/MOO.0b013e3283031ac9
http://www.ncbi.nlm.nih.gov/pubmed/18626260
http://dx.doi.org/10.1126/science.847460
http://www.ncbi.nlm.nih.gov/pubmed/847460
http://dx.doi.org/10.1073/pnas.1200155109
http://www.ncbi.nlm.nih.gov/pubmed/22509011
http://dx.doi.org/10.1001/jamafacial.2018.1697
http://www.ncbi.nlm.nih.gov/pubmed/30629094
http://dx.doi.org/10.1016/j.bjps.2009.07.041
http://dx.doi.org/10.1016/j.cps.2007.05.005
http://dx.doi.org/10.1097/PRS.0000000000004827
http://dx.doi.org/10.1521/soco.2011.29.4.415
http://dx.doi.org/10.1037/a0022571
http://dx.doi.org/10.1371/annotation/5ef1d1b9-87d8-4946-a0ef-25d65d30bb19
http://dx.doi.org/10.1371/journal.pone.0131472
http://dx.doi.org/10.1523/JNEUROSCI.3572-14.2015
http://dx.doi.org/10.1007/s11682-015-9467-4
http://dx.doi.org/10.1093/cercor/bhw344
http://dx.doi.org/10.1016/S1073-8746(95)80018-2
http://dx.doi.org/10.5014/ajot.2013.006015
http://dx.doi.org/10.1002/sim.7386
http://dx.doi.org/10.2147/PROM.S156279
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Patients and Methods 
	FACE-Q Tool 
	Three-Dimensional (3D)-Image-Based Panel Assessment Tool 
	Statistical Analysis 

	Results 
	FACE-Q Tool 
	Panel Assessment Tool 
	Correlation Evaluation 

	Discussion 
	Conclusions 
	References

