Community Dentistry and Oral Epidemiology W I L EY

Communrry
DENTISTRY Ax0
(ORALEPIDEMIOLOGY

| oRIGINAL ARTICLE CEIEED

Psychometric Validation of the FACE-Q Dental Module in
Patients With Malocclusions
Ali Tassi' | Anne F. Klassen? | Jessica Li® | Karen W. Y. Wong Riff* | Charlene Rae?

!Graduate Orthodontics and Dentofacial Orthopaedics Program, Schulich School of Medicine & Dentistry, Western University, London, Ontario,
Canada | 2Department of Pediatrics, McMaster University, Hamilton, Ontario, Canada | 3Faculty of Health Sciences, McMaster University, Hamilton,
Ontario, Canada | *Division of Plastic and Reconstructive Surgery, Department of Surgery, Hospital for Sick Children, University of Toronto, Toronto,
Ontario, Canada

Correspondence: Anne F. Klassen (aklass@mcmaster.ca)
Received: 25 April 2025 | Revised: 25 April 2025 | Accepted: 12 May 2025
Funding: The research described in this study was supported by a grant from the Canadian Institute of Health Research (FRN 148779).

Keywords: children | malocclusion | oral health | orthodontics | patient reported outcome measures | quality of life | validation study | young adults

ABSTRACT

Objective: The FACE-Q Craniofacial Module is a patient-reported outcome measure (PROM) developed for children and young
adults with craniofacial conditions. We hypothesised that some of its scales may be applicable to other populations. The aim of
this study was to assess the validity and reliability of FACE-Q scales for patients with dental malocclusions.

Methods: The FACE-Q Dental Module includes 5 scales from the Craniofacial Module that measure appearance (Face, Jaws,
Smile and Teeth) and function (Eating/Drinking). Data were collected from patients aged 8-29 years who presented with a dental
malocclusion (pre-treatment) or 1-2years after orthodontic treatment (post-treatment) at a large university-based orthodontic
specialty clinic in Canada between September 2018 and March 2020. Patients completed a paper questionnaire booklet, and data
were entered into a Research Electronic Data Capture (REDCap) survey. The psychometric analysis was performed using Rasch
Measurement Theory (RMT) analysis.

Results: The sample of 434 patients was aged 9 to 29 years, with 249 female and 185 male participants. The sample included 252
pre-treatment and 182 post-treatment patients. The 4 appearance scales evidenced strong psychometric performance; all 37 items
had ordered thresholds with good item fit to the Rasch model. Reliability was high, with person separation index and Cronbach
alpha values, with and without extremes >0.86. As hypothesised, those participants who had a major difference in appearance,
and those who reported liking their appearance less, scored lower on the appearance scales (p <0.001). In the RMT analysis, the
Eating/Drinking scale evidenced low reliability and poor targeting with close to 40% of particpants scoring at the ceiling.
Conclusion: The FACE-Q Dental Module provides a means to collect evidence-based outcomes data from children and young
adults who undergo orthodontic care for dental malocclusions.

1 | Introduction of increased overjet, and factors impacting their quality of life

(e.g., feeling embarrassed or sad about one's teeth) [2]. With
Malocclusions are common and encompass a wide range of  orthodontic treatment, many patients report improved dental
jaw and dental alignment discrepancies perceived as aestheti- and facial aesthetics, better self-image, and greater confidence
cally and functionally poor [1]. Major concerns reported by pa- to eat and smile in front of other people [2, 3]. A strong as-
tients with malocclusions include alignment of teeth, presence sociation between aesthetics and psycho-social outcomes has
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also been noted in orthodontic patients [3]. This association
is especially notable for adolescents due to social media use,
where the appearance of their teeth and smile in images is of
particular importance. Given the significance of aesthetics in
the treatment of malocclusions, having a measure of dental
appearance would be informative for both clinical practice
and research. Appearance is a construct that is best measured
from the patient perspective due to its subjective nature, and
this could be accomplished using a patient-reported outcome
measure (PROM) [4, 5].

To address the lack of PROMs for children and young adults (8 to
29years of age) with cleft and non-cleft craniofacial conditions,
our team developed the CLEFT-Q [6] and FACE-Q Craniofacial
Module (CM) [7-9]. These PROMs measure 4 domains: appear-
ance, function, health-related quality of life (HRQL) and adverse
effects of treatment [7-9]. Scales were developed and tested in
patients with any type of congenital or acquired craniofacial
conditions. Psychometric analysis on a combined sample of
4743 participants provided evidence of validity and reliability
of PROMs [8]. We hypothesized that 4 appearance scales (Face,
Jaws, Smile, Teeth) and 1 function scale (Eating/Drinking)
from these PROMs may also be applicable to patients with more
common orthodontic needs, including those seen in orthodon-
tic practices in the community. In order to assess whether these
scales had content validity (i.e., were relevant, comprehendible,
and comprehensive) in a general orthodontic population, qual-
itative research methods were used to cognitively assess this
sub-set of scales based on best practice guidelines for PROM
development [4]. This process involved cognitive debriefing in-
terviews with 15 patients who had a wide range of malocclusion
traits and orthodontic treatment plans, as well as input from 21
clinical experts, which confirmed the scales had content valid-
ity within this population [10]. Given that the scales had con-
tent validity, 153 patients who had orthodontic treatment were
recruited as part of the FACE-Q CM field test [8, 9]. This field
test study validated CLEFT-Q scales in a non-cleft craniofacial
sample [8], and finalised new scales for the broader population
of patients with facial differences [9].

Many PROMs have been developed to examine outcomes in oral
disease [11-14], with only a few specifically for use in the or-
thodontic population [13, 14]. A comparison of commonly used
PROMs in dentistry is provided in Table S1. The Malocclusion
Impact Questionnaire (MIQ) is the only commonly used PROM
in orthodontics that was developed with a modern psychometric
approach [15]. An important limitation of traditional psycho-
metric methods is that these scales do not produce interval level
measurement and instead provide ordered counts [16]. The use
of parametric statistics is based on the assumption of having nor-
mally distributed interval or ratio level data. The FACE-Q CM
differs from PROMs described in Table S1 in a variety of ways.
The FACE-Q CM was developed and validated in a broad sample
of patients with craniofacial conditions as well as patients with
malocclusions seen in hospital and community-based ortho-
dontic clinics [8-10]. The FACE-Q CM sample included a wide
age range (children, adolescents and young adults) of patients
who are often treated together in the same clinics, and who may
require multiple phases of treatment throughout their develop-
ment [8, 9]. Items selected in the scales were cognitively tested
and found to be relevant across this wide age range. Having a

single tool that can be used in children and young adults can
facilitate use in a diverse clinical practice. Also, the FACE-Q CM
has scales that focus specifically on aspects of the appearance of
the face, jaws, smile and teeth, all important aesthetic features
that orthodontic patients are concerned about. Many commonly
used PROMs measure quality of life outcomes and general oral
health rather than appearance-related malocclusion traits.

Although the development of the FACE-Q CM included a gen-
eral orthodontic sample, psychometric evidence was not re-
ported for this group separately [8]. Psychometric evidence for a
target population helps to inform users when selecting a PROM
for clinical or research use. Evidence for the content validity of
a sub-set of scales has already been established in patients with
malocclusions [10], however, other psychometric properties (e.g.,
construct validity, reliability) have yet to be reported. This study
expands on previous development work of the FACE-Q CM [8, 9]
to further assess the psychometric properties of a subset of scales
(Face, Jaws, Smile, Teeth, Eating/Drinking) in a large sample of
orthodontic patients with malocclusions who attended a univer-
sity orthodontic clinic.

2 | Methods
2.1 | Ethics Statement

Ethics Approval Was Obtained From the Health Sciences
Research Ethics Board (HSREB) at the University of Western
Ontario (#108129) and the Hamilton Integrated Research Ethics
Board at McMaster University.

2.2 | Measure
2.2.1 | Face-QCM [8,9]

The scales assessed in this study were developed for patients 8
to 29years of age with a facial difference [8, 9]. This age range
was chosen so the scales could be applied in children and young
adults, allowing for longitudinal analyses across this age span.
Having a tool that is valid across a large age range can facili-
tate implementation in treatment centres that include children
and young adults. All the FACE-Q CM scales are interval-level
(i.e., can be utilised in parametric statistics) and are scored on a
scale of 0 to 100, with a higher score indicating better outcomes.
Scores are derived by summing the response values for the items
within the scale. The scoring guide for the FACE-Q CM can
then be used to look up Rasch-transformed scores for the cor-
responding summed values for each scale. Scale development
was informed by best practice guidelines published by the Food
and Drug administration (FDA) [4], International Society for
Quality of Life Research [5], and the Consensus-based Standards
for the Selection of Health Status Measurement Instruments
(COSMIN) [17, 18]. Five scales relevant to the orthodontic popu-
lation were tested, forming the FACE-Q Dental Module, includ-
ing 4 appearance scales (Face, Jaw, Smile, Teeth) and a function
scale (Eating/Drinking). The appearance scales ask about how
much a patient likes how parts of their face or their smile looks
now (Not at all, A little bit, Quite a bit, Very much). The Eating/
Drinking scale asks about the frequency of functional problems
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of the mouth within the past week ( Always, Often, Sometimes,
Never).

2.3 | Data Collection

Data were collected between September 2018 and March 2020
from patients seen in the Graduate Orthodontic Clinic at the
Schulich School of Medicine and Dentistry, Western University
(Canada). When selecting the sample, it is important to ensure
it is representative of the group the tool is intended to be used
in [18]. For the purposes of this study, the context of use for the
PROM was patients seeking orthodontic care for malocclusions
encountered in a general orthodontic setting. Inclusion criteria:
patients aged between 8 and 29years, fluent in English, with
any type or severity of malocclusion, and before starting (pre-
treatment) or recently completed (1-2years post-treatment) or-
thodontic treatment. A diverse sample was obtained in order to
determine if the FACE-Q Dental Module was psychometrically
valid for use in the general orthodontic population. A member
of the staff at the orthodontic clinic introduced eligible partic-
ipants to the study. Patients (and their guardians) interested in
participating were invited to complete an informed assent/con-
sent letter and study questionnaire booklet. Patients were asked
to complete the survey on their own.

The survey asked patients their age and gender and if they pre-
viously underwent orthodontic treatment (braces or aligners),
followed by the FACE-Q Dental Module scales. A clinical form
was used by the site orthodontist to collect patient information
including age, gender, type of dentition and phase of treatment
(pre-treatment, post-treatment). After reviewing the clinical
data, a severity rating (i.e., No, Yes—minor, Yes—major) for
appearance of the face, jaw, smile and teeth, as well as ability
to eat and drink, was determined by a single on-site faculty or-
thodontist (AT). This was based on clinical expertise and com-
monly used assessments and indices for soft-tissue facial and
smile analysis, orthodontic diagnosis, orthodontic treatment
need, and case complexity [1]. Data were collected in this man-
ner to be consistent with the methodology of the original field
test, whereby the site recruiter would provide a severity rating
for a patient based on their experience and expertise [8, 9]. More
specific clinical data were also collected by the site orthodontist
from the patients records, including dental crowding and spac-
ing, diastemas, midline discrepancies, molar occlusion, overjet,
overbite, openbite, crossbites, and dental anomalies (missing,
impacted or supernumerary teeth). These data were collected to
provide a comprehensive description of the sample involved in
the validation of the scales. Data were entered into a REDCap
database hosted at McMaster University (Canada) [19].

2.4 | Statistical Analysis
2.41 | Rasch Measurement Theory Analysis

Rasch Measurement Theory (RMT) was used to determine if
data fit the Rasch model [20]. Data were analysed in RUMM2030
(RUMM version 2030, RUMM Laboratory Pty Ltd., Duncraig,
Western Australia, 1998-2020) using the polytomous partial
credit model [16]. Analysis details are provided in Table 1.

2.4.2 | Construct Validation

In SPSS v26.0 (IBM Corporation, Armonk NY, USA), using the
scoring algorithm for each scale, raw scores were transformed
into scores that ranged from 0 (worse) to 100 (best). Scale miss-
ing data were imputed using the mean, if at least 50% of items
were completed. Data normality was assessed using Kurtosis
(absolute >2) and Skewness (absolute > 2) values [30]. For val-
ues over 2, scale scores were analysed using non-parametric
statistics. Pre-defined hypotheses for construct validation are
provided in Table 2.

3 | Results
3.1 | RMT Analysis

Table 3 provides detailed characteristics of the 434 participants.
The sample ranged in age from 9 to 29years (Mean=15.9;
SD=3.3). A wide range of diagnoses, malocclusion traits, and
orthodontic treatment plans were represented in the sample.

Table 4 shows the scale level RMT analysis results alongside the
previously published field-test sample scale results [8, 9]. The
analysis provided evidence of the reliability and validity of the
4 appearance scales. The Eating/Drinking scale, on the other
hand, evidenced low reliability, with PSI values of 0.33 and 0.39
and Cronbach alpha values of 0.75 and 0.56, with and without
extremes, respectively. The scale was not adequately targeted
to the clinic-based orthodontic sample, with close to 40% of the
sample not scoring on the scale. These findings differed from
the FACE-Q field-test sample where reliability values were
>0.77 and more than 70% of participants scored on scale [8, 9].

Table S2 shows the item level RMT results. For the appearance
scales, thresholds were ordered for items; one item had signifi-
cant p-value after Bonferroni adjustment, and item fit was out-
side of +2.5 for 12 items. Reliability for the appearance scales
was high, with person separation index (PSI) and Cronbach
alpha values with and without extremes over >0.86. The resid-
ual correlations for a pair of items in the Face scale were 0.46.
When a subtest was performed, the PSI values dropped by 0.01,
indicating marginal impact on scale reliability. Altogether,
6 items evidenced DIF: 4 and 2 items in the Face scale for age
and gender, respectively, and 1 item each in the Teeth and Smile
scales for age. Pearson correlations between person locations for
items before and after item split for DIF indicated marginal im-
pact, with all correlations >0.998. Data fit the Rasch model for 2
scales, with marginal misfit for 2 scales.

3.2 | Construct Validation

Detailed results for hypothesis testing are in Tables S3-S11.
Acceptance of the hypotheses ranged from 80% for the Jaws scale
to 100% for the Face scale (Table 2). As expected, scores on rele-
vant scales increased as participants reported liking an aspect of
their face or smile more (p <0.001). Scores for severity by facial
part were lowest for major differences compared to the minor
and no difference groups (p<0.001). Participants who were
post-treatment scored higher on appearance scales compared
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TABLE 2 | Pre-defined hypotheses by scale for construct validation assessment.
Predicted hypotheses Face Jaws Smile Teeth
As participants self-report liking their face more = Increase** Increase™* Increase™* Increase**
scores will...
As participants self-report liking their smile Increase** NA Increase** Increase**
more scores will...
As participants self-report liking their jaw more =~ Increase** Increase** NA NA
scores will...
As participants self-report liking their teeth Increase** NA Increase** Increase**
more scores will...
Participants who are post treatment will score... Higher** NA Higher** Higher**
Participants who have a major teeth difference Lower** NA Lower** Lower**
will score...
Participants who have a major smile difference Lower** NA Lower** Lower**
will score...
Participants who have a major jaw difference Lower** Lower** NA NA
will score...
Scores on the Face scale will correlate with... NA Moderately(NM)**  Moderately(NM)**  Moderately(NM)**
Scores on the Teeth scale will correlate with... NA Moderately** Highly** NA
Scores on the Jaws scale will correlate with... NA NA Moderately™** NA
Proportion of hypotheses accepted 8/8 4/5 8/9 6/7

Abbreviations: NA, not applicable; NM, hypothesis not met (strength of correlation was greater than expected.

P <0.001.

with pre-treatment participants (Figure 1; p <0.002). The mag-
nitude of the difference between pre- and post-treatment groups
was greatest for the Teeth and Smile scales. In terms of conver-
gent validity, most hypothesised relationships met the COSMIN
criteria (Table 2 and Table S11).

4 | Discussion

This study provides evidence for the reliability and validity
of the FACE-Q Dental Module in a large community-based
sample of children and young adults with malocclusion. The
FACE-Q Dental Module scales ask specific questions of the pa-
tients about their perception of particular malocclusion traits.
The content of the scales is highly relevant in orthodontics, as
diagnosis is typically presented as a problem list of these traits
[1]. Furthermore, the FACE-Q Dental Module does not just
focus on teeth, but also measures aesthetics of the smile, jaws,
and face overall.

The psychometric findings for the 4 appearance scales exam-
ined in this study adhere to COSMIN guidelines. An inter-
pretation of the findings is provided in Table 1. The scales in
the Dental Module overcome limitations of currently avail-
able scales used in orthodontics, which were mainly devel-
oped using methods based on Classical Test Theory (CTT)
(Table S1). CTT differs from modern psychometrics because
it focuses solely on the total score and its reliability. The CTT
approach creates an overall quantification (e.g., sum, average)

that summarises the items. Whereas modern psychometrics
uses a probabilistic approach that examines the response to
an item and its relation to the amount of the construct being
measured [31]. Limitations of CTT have been summarised by
Cano and Hobart [16, 22]. The main advantage of the FACE-Q
Dental Module is that the scale scores have interval-level prop-
erties, making them more suitable as outcome measures com-
pared with ordinal-level rating scales. Also, scales developed
using RMT methods can be applied to individual patient mea-
surement, which is a limitation of CTT where the results are
only applicable at the group-level [16, 22]. The FACE-Q Dental
Module can be used in a wider age range than the MIQ, which
is for children aged 10 to 16 year olds [15]. The MIQ differs from
the FACE-Q Dental Module, as it measures constructs focusing
more on the “impact of malocclusion on the daily lives of young
people” whereas the FACE-Q Dental Module focuses mainly
on appearance concerns.

This study found that the Eating/Drinking scale evidenced low
reliability and was not well targeted to the sample. Many of the
participants in the sample scored at the ceiling, suggesting eat-
ing or drinking issues were not an important concern for them.
This finding aligns with the fact that non-ideal occlusions (un-
derbites, overbites, etc.), which are common reasons for seeking
treatment for malocclusion, do not always affect the ability to
eat or drink in the same way a craniofacial condition might [32].
Functional issues measured by the Eating/Drinking scale, such
as food falling out or difficulty using a straw, are likely not ap-
plicable to the average orthodontic patient without a craniofacial
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TABLE 3 | Demographic and clinical characteristics. TABLE 3 | (Continued)
Characteristic Category N=434 % Malocclusion traits® Category N=252 %
Age 8-12 67 154 Missing teeth Yes 32 12.7
13-17 245 56.5 Impacted teeth Yes 35 139
18-29 122 28.1 Supernumerary teeth Yes 6 2.4
Gender Female 249 474 “Pre-treatment group only.
Male 185 42.6
Treatment stage Pre-treatment 252 58.1 condition. And if they have occurred in the past, they may have
successfully adjusted or may no longer occur frequently enough
Post-treatment 182 41.9 to report. For this scale, the findings differed from the FACE-Q
Malocclusion traits? Category N=252 % CM field-test study where 74% of participants scored on the
— - scale. The results suggest that the Eating/Drinking scale may
Dentition Mixed 61 24.2 not be applicable to an orthodontic population with less severe
Permanent 191 75.8 malocclusions [8].
Upper crowding or spacing None 20 79 PROMs are useful tools that can be incorporated into both re-
Crowding 173 68.7 search and clinical practice to help inform orthodontic care
Spacing 59 23.4 from the patient perspective. Within the.cl.inic, orthodo.nt.ists
could use the FACE-Q Dental Module to aid in shared decision-
Lower crowding or spacing None 31 12.3 making [33]. Along with traditional clinical measures, PROMs
Crowding 179 710 can add valuable information that can help better understand
both the patient's values and perceptions [33]. For example, by
Spacing 42 16.7 asking patients about specific malocclusion traits, the clinician
Maxillary midline Not present 191 75.8 is able to understand where the patient perceives the problem
diastema to be. This information could be incorporated into care to help
Present 61 24.2 manage patient expectations and needs, as well as to create
Maxillary midline to facial On 112 44.4 personalised treatment plans, and help facilitate the informed
consent process [34]. Results from PROMs can also be used to
Off 140 55.6 monitor progress throughout the course of treatment by track-
Mandibular midline to On 33 32.9 ing changes in scores [35]. The FACE-Q Dental Module can also
facial add standardised appearance-related outcomes to orthodontic
Off 169 67.1 research that are applicable across a large severity of malocclu-
Right molar occlusion Class I 118 46.8 sions and age ranges, reducing the need for multiple measures.
Decreasing heterogeneity of measures used in clinical research
Class IT 99 39.3 would help to facilitate systematic reviews that compile evi-
Class 111 35 13.9 dence across studies.
Left molar occlusion Class1 117 46.4 This study has some limitations. First, the sample was re-
Class II 98 38.9 cruited from a single university-based orthodontic specialty
Class I1I 37 147 clir'lic in Canada. Second', some. aspects of the CQSM'IN cri-
teria were not assessed, including test-retest reliability and
Overjet Normal 124 49.2 responsiveness [17]. Third, minor vs. major ratings were made
Excess 97 335 by the site orthodontist using clinical expertise guided by clin-
ical metrics and diagnostic indices. Further work should as-
Reverse 31 12.3 sess additional psychometric properties of the scales in this
Overbite Normal 91 36.1 population and include associations with the standardised
clinical measurements. This study also did not assess the con-
Deep bite 128 50.8 struct validity of the HRQL scales from the FACE-Q CM in
Open bite 33 13.1 children and young adults with malocclusions. Although these
scales were not included in the phase one study of content va-
Lateral openbite Yes 25 9.9 lidity for the FACE-Q Dental Module [10], they were previ-
Anterior crossbite Yes 75 20.8 ously tested extensively in cognitive interviews with a broad
range of patients with craniofacial conditions, many of whom
Posterior crossbite Yes 76 30.2 need or have had orthodontic treatment [8, 9]. Additional re-
Buccal crossbite Yes 13 5.2 search could further assess the content validity and psycho-
metric properties of these additional scales in patients with
(Continues) malocclusions.
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TABLE 4 | Rasch Measurement Theory scale level statistics.

N to
complete Nin % scored

Scale scale RMT on scale c? DF p PSI+  PSI- o+ a-
Face Dental 433 420 97.0 748 54 003 087 086 088 0.88

Field test [8] 4159 3777 90.8 489 72 098 087 087 092 0.89
Jaws Dental 408 327 80.1 307 28 033 090  0.88 095 091

Field test [8] 1999 1480 74.0 245 56 099 091 089 096 092
Smile Dental 431 396 91.9 66.5 54 012 091 090 094 092

Field test [9] 497 442 88.9 706 45 001 091  0.89 094 091
Teeth Dental 429 406 94.6 1106 60 <001 093 093 096 095

Field test [8] 3022 2684 88.8 541 96 099 086  0.85 095 0.93
Eating \ Dental 430 260 60.5 299 18 004 033 039 075 056
Drinking  gie1d test [8] 391 290 74.2 201 27 0.83 077 080 091 0.86

Abbreviations: a +extr, Cronbach alpha with and without extremes; ¢?, chi square;
extremes.
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Face Jaw Smile  Teeth

Pre-treatment
FIGURE1 |

5 | Conclusions

The FACE-Q Dental Module scales provide practitioners and re-
searchers with a means to measure the appearance of the teeth,
smile, jaws, and face from the patient perspective in orthodon-
tics. Since each scale is independently functioning, one or more
scales can be used. The scales evidenced reliability and validity
within the general orthodontic population, and further research
will help optimise the FACE-Q Dental Module for use in clinical
settings. These scales can be used in research studies and ortho-
dontic clinics to measure and evaluate treatment need, severity,

Face Jaw  Smile Teeth

Post-treatment

Mean scores and 95% confidence intervals (CI) for 4 Appearance scales Pre and Post Treatment.

and outcomes from the perspective of patients aged 8 to 29 years.
Further information about the FACE-Q Dental Module can be
found at https://qportfolio.org/face-q/.
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Appendix

Table 1. Summary characteristics of FACE-Q Dental Module and PROMs commonly used in orthodontics

PROM Number items Constructs Age Original Development paper
range development
development used
Rasch or
IRT
FACE-Q Dental Face (9) e Facial Appearance 8-29 Yes Klassen AF, et al. 2021. FACE-Q Craniofacial
Module Jaws (7) e  Teeth Appearance Module: Part 1 validation of CLEFT-Q scales
Teeth (12) e Smile Appearance for use in children and young adults with facial
Smile (9) e Jaw Appearance conditions. J Plast Reconstr Aesthet Surg.
Eating/Drinking | Eating and Drinking 74(9):2319-29.
(€))
Klassen AF et al. 2021. FACE-Q craniofacial
module: Part 2 Psychometric properties of
newly developed scales for children and young
adults with facial conditions. J Plast Reconstr
Aesthet Surg. 74(9):2330-40.
Oral Aesthetic 5 e  Self-perceived oral 14-15 No Mandall N et al. Perceived aesthetic impact of
Subjective Impact appearance (e.g. malocclusion and oral self-perceptions in 14-
Scale (OASIS) teased, avoid smiling) 15-year-old Asian and Caucasian children in
greater Manchester. Eur J Orthod. 2000 Apr
1;22(2):175-83.
Orthognathic QoL 22 e Facial esthetics Adults No Cunningham SJ, et al. Development of a
Questionnaire e Oral function condition-specific quality of life measure for
(OQLQ) e  Awareness of facial patients with dentofacial deformity: I.
esthetics Reliability of the instrument. Community Dent
e Social aspects Oral Epidemiol 2000;28:195-201.
Cunningham SJ, et al. Development of a
condition-specific quality of life measure for
patients with dentofacial deformity: II. Validity
and responsiveness testing. Community Dent
Oral Epidemiol 2002;30:81-90
Child Oral CPQ e  Oral symptoms 6-14 No Jokovic A. Development of an oral health
Health QoL 6-Tyrs;8-10yrs e Functional limitations outcome measure for children aged 6 to 14
Questionnaire 25 items e Emotional well-being years. 2003. University of Toronto.
(COHQoL) 11-14 yrs 16 e Social well-being Jokovic A, et al. Questionnaire for measuring
items oral health-related quality of life in eight-to ten-




year-old children. Pediatr Dent. 2004 Nov
1;26(6):512-8.

Jokovic A, et al. Short forms of the Child
Perceptions Questionnaire for 11-14-year-old
children (CPQ 11-14): development and initial
evaluation. Health Qual Life Outcomes. 2006
Dec;4:1-9.

Psychosocial Impact | 23 Dental self 18-30 No Klages U, et al. Development of a questionnaire
of Dental Aesthetic confidence (Further for assessment of the psychosocial impact of
Questionnaire Social impact validation in 11- dental aesthetics in young adults. Eur J Orthod.
(PIDAQ) Psychological impact | 17 yr olds) 2006;28(2):103-111.

Aesthetic concern Klages U, et al. Psychosocial impact of dental
aesthetics in adolescence: validity and
reliability of a questionnaire across age-groups.
Qual Life Res. 2015;24(2):379-390.

Malocclusion 17 Feel about appearance | 10-16 Yes Benson PE, et al. Development of the
Impact of teeth Malocclusion Impact Questionnaire (MIQ) to
Questionnaire Effect of teeth on life measure the oral health-related quality of life of
MIQ) Oral health and young people with malocclusion: part 2—cross-
function sectional validation. Journal of orthodontics.
2016 Jan 2;43(1):14-23.
Demand for 70 Psychological and 13 No Taghavi Bayat J, et al. Predicting orthodontic
orthodontic social treatment need: reliability and validity of the
treatment Malocclusion related Demand for Orthodontic Treatment
questionnaire Treatment demand Questionnaire. Eur J Orthod. 2017 Jun
(DOTQ) 1;39(3):326-33.
Taghavi Bayat J, et al. Determinants of
orthodontic treatment need and demand: a
cross-sectional path model study. Eur J Orthod.
2017 Feb 1;39(1):85-91.
Child Oral Health 34 oral health, 8-15 No Broder HL, et al Questionnaire development:
Impact Profile functional well-being, face validity and item impact testing of the
(COHIP) social/emotional well- Child Oral Health Impact Profile. Community
being, Dent Oral Epidemiol. 2007 Aug;35:8-19.
school environment

self-image

Oral 9 Physical performance | 35-44 adult No Adulyanon S, et al. Oral impacts affecting daily
Impacts on Daily (eg, eating) 11-12 Child performance in a low dental disease Thai

Performance (OIDP)




&
CHILD-OIDP

Psychological
performance (eg,
smiling, emotional
stability)

Social performance
(contact with people)

population. Community Dent Oral Epidemiol
1996. 24, 385-389.




Table 2: RMT item level fit statistics and differential item function results

ITEM FIT TO RASCH MODEL DIF
SCALE | rrEM Location | SE Resl:fitual DF x2 DF | Prob | Age | Gender
FACE Look best -1.73 0.09 -1.04 363 5.83 6 0.44 no no
Go out -1.56 0.09 -0.31 365 3.53 6 | 074 | vyes yes
Shape -0.17 0.08 1.68 365 5.73 6 | 045 | yes no
Smile 0.58 0.08 228 364 1599 | 6 | 0.01 no no
Laugh -0.18 0.08 2.78 364 1282 | 6 | 0.05 | ves no
Photos 0.62 0.07 1.13 367 436 6 | 063 | vyes yes
Match 0.67 0.08 -1.78 369 6.57 6 | 036 no no
Profile 0.59 0.08 1.36 365 4.06 6 | 0.67 no no
Up close 1.19 0.08 -1.95 362 1593 | 6 | 0.01 no no
JAWS Size -0.10 0.11 -1.03 298 237 4 | 0.67 no no
Mouth closed -0.04 0.11 -5.33 295 2.81 4 | 059 no no
Shape -0.32 0.11 -5.15 296 5.38 4 | 025 no no
Mirror 0.06 0.11 -3.91 296 2.75 4 | 0.60 no no
Photos -0.21 0.11 -4.58 297 4.82 4 | 031 no no
Smile -0.03 0.11 0.67 298 9.65 4 | 0.05 no no
Profile 0.64 0.10 -1.80 298 291 4 | 057 no no
SMILE Expresses -0.90 0.09 2.82 346 8.32 6 0.22 no no
Mirror -0.16 0.09 -2.07 349 7.68 6 | 026 no no
Wide -0.26 0.09 2.93 345 7.45 6 | 028 no no
Shape -0.22 0.09 -0.69 347 4.93 6 | 0.55 no no
Even -0.40 0.09 0.06 351 4.48 6 | 0.6l no no
Straight -0.11 0.08 0.98 342 1130 | 6 | 0.08 no no
Photo 0.52 0.09 -2.03 349 7.30 6 | 029 no no
Teeth 0.71 0.08 -1.36 348 5.75 6 | 045 | yes no
Other people 0.82 0.08 -2.97 349 9.26 6 | 0.16 no no




TEETH | Size -0.82 0.09 3.99 372 2097 | 5 | 000 | no no
Close together -0.51 0.08 -0.60 371 8.51 5 0.13 no no
Room -0.22 0.08 1.72 364 3.85 5 1057 | no no
Shape -0.24 0.08 -0.56 370 9.70 5 | 0.08 no no
Gum/teeth -0.10 0.08 2.88 370 1461 | 5 | 0.01 no no
Photos 0.07 0.08 -3.90 371 1400 | 5 | 0.02 no no
Profile 0.32 0.08 1.12 369 5.29 5 | 038 no no
Straight 0.24 0.08 -2.24 368 5.23 5 1 039 | yes no
Top/bottom 0.26 0.08 2.15 370 6.40 5 1027 | no no
Smile 0.13 0.08 -2.40 371 6.01 5 1030 | no no
Line up 0.30 0.08 -3.51 370 7.91 5 |1 016 | no no
Compared 0.59 0.08 -2.36 368 8.08 5 1 015 no no

EAT Food falls -1.78 0.16 0.97 232 2.97 2 | 023 no no
Liquid spills -2.56 0.21 -0.71 231 1.13 2] 057 no no
Straw -3.68 0.39 -0.82 232 0.47 2 ] 079 | no no
Open mouth 0.34 0.16 0.16 230 2.61 2 | 027 no no
Avoid foods 1.82 0.13 -1.22 232 4.29 2 | 012 ] no no
Trouble biting 1.88 0.13 -0.68 232 4.88 21 0.09 no no
Chew 1.40 0.13 -0.94 230 5.18 2 1 0.07 no no
Small bits 0.67 0.14 -0.53 229 6.56 2 | 004 | no no
Eat slow 1.93 0.13 0.87 230 1.81 2 | 041 no no

SE = standard error; %2 = chi square; DF = degrees of freedom
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Table 3. Descriptive Statistics by sub-group for “How much do you like how your face looks
overall?”

How much do 95% CI
Scale yzzlrl 11;1;: il(?:lis N Mean | SD | SE Min | Max | p-value
overall? LB | UB
Not at all 6 26 | 10 4 16 36 14 40
Face A little bit 65 41| 10 1 39 43 14 59 p<0.001
Quite a bit 242 57 9 1 56 58 34 84
Very much 110 731 15 1 70 76 40 | 100
Not at all 5 28 8 4 18 39 17 36
Taws A little bit 64 43 | 18 2 39 48 0] 100 p<0.001
Quite a bit 241 59| 17 1 57 61 0] 100
Very much 108 80| 19 2| 76 84 36 | 100
Not at all 6 18] 12 5 6 31 0 36
Smile A little bit 64 36 | 16 2| 32 40 0 77 p<0.001
Quite a bit 241 581 17 1 56 60 19 100
Very much 110 73] 18 21 70 77 36 | 100
Not at all 5 25| 11 5 11 38 8 38
A little bit 63 36 | 16 2 32 40 0 78
Quite a bit 241 541 17 1 52 56 81 100
Teeth Very much 110 67 20| 2| 63 70 18 | 100 | p<0.001
A little bit 49 64| 15 2| 60 68 38 1 100
Quite a bit 169 74| 18 1 71 77 27| 100
Very much 71 771 17 21 73 81 27| 100




Table 4. Descriptive Statistics by sub-group for “How much do you like how your smile looks

overall?”

Scale H}?Xlrnsnrlnci}lledl(())glgsu (iifl;i;i??w N Mean | SD | SE LZS% S; Min | Max p-value
Not at all 29 41 16 3 35 47 14 76

Face A little bit 106 48 12 1 46 51 14 84 <0.001
Quite a bit 159 59 10 1 57 60 34 100
Very much 125 70 | 14 1| 68 73 40 100
Not at all 29 22 15 3 16 27 0 57

Smile A little bit 106 41 11 1] 39| 43 77 <0.001
Quite a bit 160 59 10 1 57 60 30 100
Very much 126 80 14 1 77 82 41 100
Not at all 29 27 14 3 22 32 54
A little bit 103 38 13 1 35 41 81
Quite a bit 160 55| 12 1] 53 57 14 100

Teeth | Very much 126 73] 16| 1| 70| 75| 18| 100 | <0.001
A little bit 85 68 | 16 2| 65 72 27 100
Quite a bit 102 76 | 17 21 721 79 35 100
Very much 81 77 18 2 73 81 27 100




Table 5. Descriptive Statistics by sub-group for “How much do you like how your jaw looks
overall?”

i 95% CI
Scale How mpch {i ° iou like 1111,(; W your N Mean | SD | SE ’ Min | Max p-value
jaw looks overall? LB | UB
Not at all 12 39 12 4 31 47 20 61
Face A little bit 81 46 12 1 43 48 14 84 p<0.001
Quite a bit 218 57 10 1 56 59 20 91
Very much 111 72 15 1 69 75 31 100
Not at all 12 19 10 3 12 26 0 33
Taws A little bit 81 40 8 1 38 41 11 58 p<0.001
Quite a bit 217 59 11 1 58 61 22 100
Very much 112 88 15 1 85 90 46 100




Table 6. Descriptive Statistics by sub-group for “How much do you like how your teeth look

overall?”

Scale H(})f\:urrn;le(:‘:hdl(z)(})llgiilg;ﬁ(?)w N Mean SD | SE L]: = I(j; Min | Max p-value
Not at all 59 44 14 2 40 47 14 84

Face A little bit 110 53 11 1 51 55 20 84 9<0.001
Quite a bit 152 60 11 1 59 62 31 91
Very much 99 71 16 2 67 74 40 100
Not at all 58 31 15 2 27 35 59

Smile A little bit 109 47 13 1 44 49 80 $<0.001
Quite a bit 153 61 12 1 59 63 23 100
Very much 99 81 16 2 78 84 39 100
Not at all 59 26 11 1 23 29 0 54
A little bit 110 41 9 1 40 43 18 62
Quite a bit 154 58 10 1 56 60 14 100

Teeth | Very much 99 78 | 14 1] 75| 81 40 | 100 | p<0.001
A little bit 94 71 17 2 67 74 35 100
Quite a bit 103 76 16 2 73 79 33 100
Very much 50 76 19 3 70 81 27 100




Table 7. Descriptive statistics by severity of jaw difference

. 95% CI )
Scale | Jaw difference | N | Mean | SD | SE Min | Max | p-value
LB | UB
None 169 63 ] 15 1] 60| 65 14 | 100
Face | Mild 224 571 14| 1] 55| 59| 14| 100 | <0.001
Major 38 48 | 14| 2| 44| 53] 20 76
None 169 69 | 21 21 66| 72 17 | 100
Jaws | Mild 220 591 20 1| 57| 62 0] 100 | <0.001
Major 38 441 19] 3] 37] 50 0] 100




Table 8. Descriptive statistics by severity of smile difference

o 95% CI .
Scale | Smile difference | N | Mean | SD | SE Min | Max | p-value
LB | UB
None 157 64| 15| 1] 61| 66| 28| 100
Face | Mild 195 571 14| 1] 55| 59| 14| 100 | p<0.001
Major 79 51| 16| 2| 48| 55| 14| 100
None 158 72 18| 1] 69| 74| 23] 100
Smile | Mild 193 53] 18] 1] 50| 55 0| 100 | p<0.001
Major 79 43| 18| 2| 38| 47 0] 91
None 158 70 15| 1] 68| 73| 34| 100
Mild 194 48 | 15| 1] 46| 50 8| 100
Teeth | Major 77 35016 2] 32| 39 0| 78| p<0.001
Mild 155 731 17| 1] 71| 76| 27| 100
Major 67 69 16| 21 65| 73| 42| 100




Table 9. Descriptive Statistics by severity of teeth difference

. 95% CI ,
Scale | Teeth difference | N | Mean | SD | SE Min | Max | p-value
LB | UB
None 145 65| 15| 1] 62| 67| 31| 100
Face | Mild 151 571 14| 1] 55| 60| 14| 100 | p<0.001
Major 135 53] 15| 1] 50| 55| 14| 100
None 145 73| 18| 2] 70| 76| 23| 100
Smile | Mild 151 550 18| 1] 52| 58 0 | 100 | p<0.001
Major 134 45| 18| 2| 42| 48 0] 91
None 144 71 15| 1] 69| 74| 40| 100
Teeth | Mild 152 511 16| 1] 48| 53 8 | 100 | p<0.001
Major 133 39| 15| 1] 36| 42 0| 78




Table 10. Descriptive Statistics by status of treatment

Treatment

Scale N Mean SD SE p-value
status
Pre 249 55 15 1
<0.
Face Post 182 63 15 ;| peoool
Pre 246 58 21 1
<0.
Taws Post 181 66 2 ;| P00l
P 248 49 18 1
Smile © p<0.001
Post 182 70 19 1
et Pre 248 43 16 1 0,001
© Post 181 69 15 |




Table 11: Pearson correlations between the FACE-Q Dental Module scales

Scales r n
Face Jaws .659%* 426
Smile T4T** 428
Teeth 663** 427
Jaws Face .659%* 426
Smile 554%* 424
Teeth .534%% 424
Smile Face T4T7** 428
Jaws 554%% 424
Teeth 826%* 426
Teeth Face 663%* 427
Jaws .534%* 424
Smile 826%* 426

*#p<0.001; criteria: similar constructs >0.50; related but dissimilar constructs 0.30-0.50;
unrelated constructs <0.30
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