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Abstract
Introduction: Research in aesthetic medicine commonly includes evaluations of subject satisfaction with treatment results.
However, conventional analytic methods typically generate statistically imprecise ordinal scores. To overcome this limitation,
researchers have begun employing the Rasch model, an analytical framework grounded in item response theory. The Rasch
model permits scale modifications capable of enhancing measurement accuracy. This study focuses on using the Rasch model
to evaluate a scale measuring subject satisfaction following aesthetic treatments to the jawline. Objective: To develop and val-
idate a multiitem, self-administered questionnaire measuring patient satisfaction with aesthetic treatment of the jawline.
Methods: A 10-item questionnaire [The Jawline Subject Satisfaction Scale (JS3)] was devised to measure subject satisfaction fol-
lowing aesthetic treatments of the jawline. Each question was responded to using a 5-point Likert scale, with response selections
ranging from “very much satisfied” to “very much dissatisfied” or “strongly agree” to “strongly disagree.” The scale’s psychomet-
ric properties (reliability and separation for items and persons, item and person fit statistics, and unidimensionality and local inde-
pendence) were validated using a Rasch model based on a dataset collected from a sample of forty subjects. Results: The results
of the Rasch analysis revealed high internal consistency of the JS3, with a person reliability estimate of 0.86 and an item reliability
estimate of 0.96. The separation estimates for persons and items were 2.50 and 4.72, respectively, demonstrating the scale’s
ability to differentiate between high and low responders and validating the instrument’s construct. All infit and outfit values
fell within the established range (0.5-1.5), and the data fit the model of unidimensionality and local independence. Raw score
transformations into logits were conducted, which were then converted to Rasch measurements. These measurements are avail-
able for use in practice for conducting standard statistical analyses evaluating treatment and/or group effects. Conclusions: The
application of the Rasch model produced a valid and reliable scale (ie, JS3) for measuring satisfaction with the appearance of the
jawline following aesthetic treatments.
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Résumé
Introduction : La recherche en médecine esthétique inclut habituellement des évaluations sur la satisfaction des patients con-
cernant les résultats du traitement. Toutefois, les méthodes d’analyse conventionnelles génèrent typiquement des cotes ordinales
statistiquement imprécises. Pour contourner cette limitation, les chercheurs ont commencé à utiliser le modèle de Rasch, un
cadre analytique ancré dans la théorie de la réponse d’item. Le modèle de Rasch permet des modifications d’échelle capables
d’améliorer la précision des mesures. Cette étude porte sur l’utilisation du modèle de Rasch pour évaluer une échelle de mesure
de la satisfaction des patients après des traitements esthétiques du contour de la mâchoire (ou « Jawline »). Objectif : Élaborer
et valider un questionnaire autoadministré à plusieurs items de satisfaction des patients des patients sur le traitement esthétique
du contour de leur mâchoire. Méthodes : Un questionnaire à dix items (le JS3 ou Jawline Subject Satisfaction Scale) a été mis au
point pour mesurer la satisfaction des patients après des traitements esthétiques du contour de la mâchoire. La réponse à chaque
question impliquait une échelle de Likert en cinq points avec des choix de réponse allant de « Très satisfait(e) » à « Très insa-
tisfait(e) » ou de « Entièrement d’accord » à « Pas du tout d’accord ». Les propriétés psychométriques de l’échelle (fiabilité et
statistiques sur l’adéquation de l’item et de la personne, caractère unidimensionnel et indépendance locale) ont été validées au
moyen d’un modèle de Rasch s’appuyant sur un ensemble de données collectées auprès d’un échantillon de quarante sujets.
Résultats : Les résultats de l’analyse de Rasch ont révélé la forte cohérence interne du JS3 avec une estimation de la
fiabilité de la personne de 0,86 et une estimation de la fiabilité de l’item de 0,96. Les estimations de séparation pour les personnes
et items étaient respectivement de 2,50 et 4,72 démontrant l’aptitude de l’échelle à faire la différence entre les répondeurs forts
et faibles et validant le montage de l’instrument. Les valeurs Intit et Outfit sont tombées dans la plage établie (0,5 à 1,5) et les
données correspondent au modèle d’unidimensionnalité et d’indépendance locale. Des transformations des scores bruts en logits
ont été effectuées puis converties en modèle de Rasch, ces mesures sont utilisables en pratique pour réaliser des analyses sta-
tistiques standard évaluant les effets du traitement et/ou de groupe. Conclusions : L’application du Modèle de Rasch a produit
une échelle valide et fiable (c’est-à-dire le JS3) pour la mesure de la satisfaction de l’aspect du contour de la mâchoire après traite-
ments esthétiques.
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Introduction

Clinical researchers often utilize patient-reported outcome mea-
sures (PROMs) in the form of self-administered questionnaires
comprised of qualitative or semiqualitative items that converge
to quantitative scores or results that are intended to measure
constructs such as quality of life, emotional well-being, and
functional status. In the field of aesthetic medicine, such
scales typically measure treatment satisfaction.

Scales used to measure patient satisfaction with treatment
typically consist of a collection of questions or items with
multiple choice responses that are ordinal or Likert scales.
Levels of agreement (ie, strongly agree, agree, neither agree
nor disagree, disagree, and strongly disagree) are used to
measure specific attributes of what the patient perceives to be
satisfaction with treatment. Mathematical manipulation, includ-
ing summation or averaging, is often used to summarize the
“qualitative” responses to the questions into a quantitative
score. Essentially, treating the ordinal categorical scale as a con-
tinuous one. While using these methods to measure change
from baseline may have some validity, comparing the summa-
tive scores across patients may have serious flaws that can neg-
atively affect the validity of the measurements.

The potential flaws of the approach described above, and
specifically treating ordinal categorical responses as continuous
scales to summarize the responses of questions on multiitem
questionnaires, are related to the following nonfounded
assumptions. First, all items of the questionnaire have the
same relevance and importance for the construct being mea-
sured, in this case, patient satisfaction. As an example, satisfac-
tion with the treatment process may have an entirely different
importance and relevance than satisfaction with the final clini-
cal outcome. Second, the spaces between different levels of
the ordinal scale represent the same difference in the patient’s
actual satisfaction. As an example, in a 5-point Likert Scale
ascertaining agreement with a specific statement, the difference
between “strongly agree” and “agree” may not be the same
numerically as the difference between “agree” and “neither
agree nor disagree.” Nonetheless, the assumption of equal dis-
tances between these pivotal points is fundamental to the math-
ematical manipulation of the summation or averaging of the
responses. Third, there is significant between- and within-
patient as well as between- and within-item variation with
respect to the actual value of the response that corresponds to
the same score on the Likert Scale. As an example, refer to
the illustration in Figure 1, wherein satisfaction response on
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the Likert scale may represent significantly different values as
perceived by the respondent. In the illustration, the blue circle
represents the actual value, and the yellow star represents the
response on the scale. This creates significant variation with
respect to the actual value of the construct within the same
score on the scale.

There are some solutions to the problems with ordinal scales
mentioned above such as using different weights for question-
naire items and employing visual analogue instead of ordinal
scale for responses. However, these approaches have not been
integrated into a comprehensive statistical model that resolves
all the issues discussed above. Statistical techniques based on
item response theory or, more specifically, the Rasch model,
provide reproducible mathematical/statistical solutions to
these issues that can be employed to develop multiitem ques-
tionnaires measuring a specific construct.1-4 The Rasch model
has become increasingly popular in scale development
studies,5 with its application representing a paradigm shift in
the analysis and interpretation of PROMs.2 The Rasch model
addresses weaknesses in traditional approaches as it is the
only model based on fundamental measurement principles; a
mathematical framework based on logical (not normative)
axioms.6

The aim of this study was to develop a multiitem question-
naire measuring patient satisfaction with aesthetic treatment
of the jawline using the Rasch approach.7

Objective

To develop and validate a multiitem self-administered question-
naire measuring patient satisfaction with aesthetic treatment of
the jawline.

Methods

Scale Development

The Subject Satisfaction Scale (SSS) consists of 10 items (i),
which are rated on a 5-point scale (i1: very much satisfied,

satisfied, neutral, dissatisfied, and very much dissatisfied;
i2-i10: strongly agree, agree, neither agree nor disagree, dis-
agree, and strongly disagree). Responses are assigned a corre-
sponding numerical value (1-5), with higher scores reflecting
a better outcome. Thus, the raw sum scores can range
between 10 and 50. The raw sum scores are then converted to
the equivalent Rasch-transformed measure [0 (worst) to 100
(best)]. The Jawline SSS (JS3) is a version of the generic
SSS, which is specific to measuring satisfaction following aes-
thetic treatment to the jawline. Questions contained within the
JS3 are depicted in Table 1.

Rasch Analysis

Ten items relating to satisfaction with treatment following aes-
thetic rejuvenation of the jawline were answered by 40 female
subjects with ages ranging between 26 and 78 years (M: 49.27;
SD: 11.02) as part of a clinical trial.8 The Ministep Rasch

Figure 1. Assessing construct variability: discrepancy between actual values and scale responses in an illustrative context. In the illustration,
the blue circle represents the actual value, and the yellow star represents the response on the scale.

Table 1. Item Content of the Jawline Subject Satisfaction Scale (JS3).

Item Content

1 Please rate your overall level of satisfaction with treatment
results

2 The treatment improved my appearance
3 I am satisfied with the appearance of my jawline after treatment
4 I am satisfied with the appearance of my chin after treatment
5 I feel more attractive after treatment
6 I feel more comfortable being photographed or taking a “selfie”

after treatment
7 The treatment results are natural looking
8 I look less tired after treatment
9 The treatment makes me feel better about myself
10 I am less self-conscious about the appearance of my lower face,

after treatment

Note: The JS3 measures satisfaction with treatment and is therefore not
performed at baseline. The JS3 is protected by copyright and can be obtained
from the corresponding author under license.
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(Version of Winsteps 5.5.1.0) was used to apply the Rasch
model to the raw data.9 Transformation of the linear Rasch
model log-odds units (logits) was performed for enhanced inter-
pretability, as they differ from scores that users may be familiar
with. Therefore, it was desirable to transform logits into more
user-friendly ranges (ie, 0-100) while preserving their linear
properties.

Reliability and Separation of Items and Persons. In the Rasch
model, reliability has its usual (ie, Cronbach’s alpha) defini-
tion of “true” person/item measure variance divided by
observed person/item measure variance. Thus, the reliability
coefficients can range from zero to one. Separation is the
number of statistically different performance strata that the
test can identify in the sample, and its coefficients can range
from zero to infinity.

Person (Test) Reliability: Person reliability measures the
degree of homogeneity among the scale items. In Winsteps,
person reliability is equivalent to traditional test reliability (ie,
Cronbach’s alpha), with the main difference being that
Cronbach’s alpha approximates reliability using an analysis
of variance, while the Rasch model approximates it using a
measure of standard errors. Person, or test reliability, depends
mainly on (i) the sample agreement variance, with wider
ranges equating higher person reliability; (ii) the length of the
rating scale, with longer lengths equating higher person reliabil-
ity; (iii) the number of categories per item, with more categories
equating higher person reliability; and (iv) the sample-item tar-
geting, with better targeting equating higher person reliability.
Person reliability is independent of sample size and is largely
uninfluenced by model fit.

Item Reliability: The item reliability coefficient provided
by Winstep has no traditional equivalent. Item reliability
mainly depends on i) the item difficulty variance, with a wide
difficulty, range equating to high item reliability, and ii) the
person sample size, with large samples equating a high item
reliability. It is independent of test length and is not influenced
by model fit. Usually, low item reliability values are the result
of a small person sample size that precedes the ability to estab-
lish a reproducible item difficulty hierarchy.

In the Rasch model, reliability coefficients are given by the
following equation (Equation 1):

Reliability = (OV − EV ) / OV

where OV = observed variance of agreeability measures, and
EV = mean of squared standard errors of person agreeability
measures.

Separation of Persons: Person separation is used to distin-
guish people, with low values (< 2) implying that the instrument
may not be sensitive enough to distinguish between high and
low responders.

Separation of Items: Item separation is used to verify the
instrument’s construct validity, with low item separation (< 3)
implying that the person sample is not large enough to
confirm the item difficulty hierarchy.

In the Rasch model, separation coefficients are given by the
following equation (Equation 2):

Separation(G) = sqrt(Reliability / (1− Reliability))

= "True" standard deviation / Error standard deviation

Item and Person Fit Statistics. Infit estimates measure the aberra-
tions among inliers, and outfit estimates measure the aberrations
among the outliers. Items were ordered based on their fit statis-
tics and evaluated based on the critical values proposed by
Linacre (ie, 0.50-1.59),10 as these values are valid for sample
sizes ≤ 150 and items ≤ 10.11

The equations (derived from Bond and Fox)12 for the fit sta-
tistics are presented below (Equation 3):

outfit(ui) =
∑N

n=1

(Zni)
2

N

Infit(vi) =
∑N

n=1
(Zni)

2

∑N

n=1
Wni

Wni

where Zni is the standardized residual variance for each item/
person interaction, and Wni is the individual residual variance.

Unidimensionality and Local Independence. Unidimensionality
and local independence of items are 2 related assumptions
underlying the Rasch model. Psychometric unidimensionality
indicates that only one latent trait (ie, satisfaction) is neces-
sary to account for respondents’ agreeability.13 Relatedly,
the assumption of local independence means that a latent
trait is the only construct that determines the probability of
agreeing to items. When the assumption of local indepen-
dence of items is met, there should not be any correlation
between 2 items after the effect of the underlying trait is con-
ditioned out (ie, the correlation of residuals should be ∼zero).
In effect, this ensures that agreement or disagreement on one
item should not lead to an agreement or disagreement on
another item.14 If there are significant correlations among
the items after the contribution of the latent trait is
removed, then there are dimensions assessed by the scale
which are not accounted for by the model.15 While there
are no universally agreed-upon critical values for indicating
unidimensionality and local dependence, unidimensionality
can be assumed when the unexplained variance is relatively
low in comparison to the variance explained by measures,
and local independence can be assumed when correlations
between questions < 0.50.16

Mathematically, the local independence assumption is for-
mulated as (Equation 4):

P X = x∣θ
( ) =

∏I

i=1

Pi Xi = x∣θ
( )
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where θ represents a respondent’s latent trait estimates, X
represents a vector of possible responses from items and their
responses (x), and i represents items.

Person Agreeability and Item Difficulty. A Wright map was used
as a tool for evaluating the distributions of a person’s agreeable-
ness and the item difficulty levels. The Wright map provided a
visual of the scale parameters by placing the difficulty of the
items on the same measurement scale as the agreeableness of
the respondents.17

Results

Rasch Analysis

Table 2 displays the reliability and separation estimates for
items and persons. Table 3 displays the misfit order for item sta-
tistics. Tables 4 and 5 display measures of unidimensionality
and local independence, respectively.

Reliability and Separation of Items and Persons.

Person (Test) Reliability: The person reliability estimate of
the sample was 0.86, corresponding to a high level of

internal consistency (ie, items of the scale are measuring
the same construct).
Item Reliability: The item reliability estimate was 0.96,
indicating that the sample was large enough to precisely
locate the items on the latent variable.
Separation of Persons: The person separation estimate was
2.50, indicating that the scale was able to distinguish
between high and low responders.
Separation of Items: The item separation estimate was
4.72, validating the construct of the instrument (ie, the
scale accurately assesses what it is supposed to).

Item and Person Fit Statistics. All infit/outfit values fell within
established critical values (0.50-1.59).

Unidimensionality and Local Independence. The unexplained var-
iance in the first contrast was low (∼2.0 eigenvalue units) in
comparison to the variance explained by measures (14.5239
eigenvalue units). All correlations between questions were< 0.50.

Person Agreeability/Satisfaction and Item Difficulty. The Wright
map displaying the difficulty of items and agreeability/

Table 2. Reliability and Separation Estimates for Items and Persons.

Person

Input Measured Infit Outfit

Total Count Measure Real SE IMNSQ ZSTD OMNSQ ZSTD

Mean 28.5 9.2 2.3 0.84 1.03 −0.1 0.96 −0.2
P.SD 6.4 1.1 2.48 0.38 0.73 1.3 0.66 1.1
Real RMSE 0.92 True SD 2.31 Separation 2.5 Person reliability 0.86
Mean 214 69.2 0 0.26 1.01 −0.1 0.97 −0.2
P.SD 27.3 3.6 1.28 0.3 0.3 1.8 0.31 1.7
Real RMSE 0.27 True SD 1.25 Separation 4.72 Item reliability 0.96

Table 3. The Misfit Order for Item Statistics.

Entry
number

Total
score

Total
count

JMLE
measure

Model
SE

Infit Outfit PTmeasur-AL
Exact
Obs.%

Match
Exp.% ItemMNSQ ZSTD MNSQ ZSTD Corr. Exp.

2 199 67 0.37 0.24 1.45 2.32 1.55 2.66 A 0.64 0.77 60.7 65.3 3
6 245 69 −2.09 0.28 1.43 2.10 1.13 0.46 B 0.60 0.66 66.1 73.0 7
7 188 69 1.71 0.24 1.33 1.80 1.34 1.84 C 0.73 0.79 51.6 63.2 8
5 187 69 1.61 0.24 1.15 0.90 1.16 0.94 D 0.78 0.80 58.1 64.1 6
3 215 69 −0.15 0.24 0.88 −0.65 0.99 0.04 E .073 0.75 76.2 67.5 4
10 269 75 −2.27 0.27 0.99 0.10 0.77 −0.53 e 0.67 0.63 75.0 73.1 1
9 188 62 0.37 0.25 0.91 −0.42 0.88 −0.59 d 0.81 0.76 67.9 66.3 10
1 244 75 −0.67 0.24 0.75 −1.56 0.75 −1.28 c 0.77 0.72 75.0 67.7 2
4 205 70 0.74 0.24 0.60 −2.65 0.58 −2.75 b 0.87 0.78 77.8 64.6 5
8 200 67 0.37 0.24 0.60 −2.62 0.59 −2.68 a 0.83 0.75 80.6 65.3 9
Mean 214 69.2 0 0.25 1.01 −0.08 0.97 −0.19 68.9 67.0
P.SD 27.3 3.6 1.28 0.02 0.3 1.75 0.31 1.68 9.2 3.3
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satisfaction of persons is displayed in Figure 2. The relative
position of the questionnaire items on the Wright map was
based on the likelihood that patients would indicate agreeing
or being satisfied with the parameter being measured.

Score Transformations to Logits and Conversion to Rasch
Measurements. Given that the data fit the Rasch model,
person and item locations (scores) were logarithmically trans-
formed into a common unit of measurement (ie, logits). To
facilitate interpretability, logits were converted to Rasch

measurements using Winsteps’ internal software (Table 6). In
practice, these measurements would be available for use in stan-
dard statistical analyses investigating treatment and/or group
effects.

Discussion

This report describes the development of JS3, a multiitem ques-
tionnaire assessing subject satisfaction with treatment results
following aesthetic rejuvenation of the jawline using the
Rasch approach (Figures 3 and 4). The results of the Rasch
analysis support the psychometric strengths, specifically reli-
ability and validity, of the JS3, making it a suitable tool for mea-
suring posttreatment subject satisfaction. Among the strengths
of the JS3, it is notable that all 10 items of the scale fit the
Rasch model. In addition, it returns a unidimensional measure
of satisfaction with treatment effects and possesses high con-
struct validity and reliability.

The hierarchical orders of the items on the Wright map
propose a hypothesis concerning theoretical aspects related to
subject satisfaction. It is worth noting that the easiest items
for subjects to positively endorse were Items 7 and 1, which
concerned the naturalness of results and overall satisfaction,
respectively. This is an important point, as many clinicians
only assess overall satisfaction in practice and these insights
may be beneficial for optimizing clinical treatment regimens
and marketing purposes. Moreover, given that the lower third
of the face is a highly complex area containing multiple aging
anatomic structures (eg, increased bone resorption, changes in

Table 4. Measures of Unidimensionality and Local Independence.

Eigenvalue Observed Expected

Total raw variance in
observations

24.5239 100.00% 100.00%

Raw variance explained
by measures

14.5239 59.20% 59.20%

Raw variance explained by
persons

9.6503 39.40% 39.40%

Raw variance explained by
items

4.8736 19.90% 19.90%

Raw unexplained variance
(total)

10.0000 40.80% 100.00% 40.80%

Unexplained variance
in first contrast

2.0657 8.40% 20.70%

Unexplained variance
in second contrast

1.7826 7.30% 17.80%

Unexplained variance
in third contrast

1.2432 5.10% 12.40%

Unexplained variance
in fourth contrast

1.0459 4.30% 10.50%

Unexplained variance
in fifth contrast

0.9984 4.10% 10.00%

Observed: variance components for the observed data.
Expected: variance components expected for these data if they exactly fit the
Rasch model, i.e., the variance that would be explained if the data accorded with
the Rasch definition of unidimensionality.
Total raw variance in observations: total raw-score variance in the
observations.
Raw unexplained variance (total): raw-score variance in the observations
not explained by the Rasch measures.
Raw variance explained by measures: raw-score variance in the
observations explained by the Rasch item difficulties, person abilities and
polytomous scale structures.
Raw variance explained by persons: raw-score variance in the
observations explained by the Rasch person abilities (and apportioned
polytomous scale structures).
Raw variance explained by items: raw-score variance in the observations
explained by the Rasch item difficulties (and apportioned polytomous scale
structures).
Raw unexplain ed variance (total): raw-score variance in the observations
not explained by the Rasch measures.
Unexplained variance in 1st, 2nd, … contrast: variance that is not
explained by the Rasch measures is decomposed into Principal Component
Analysis (PCA), components = Contrasts. The size of the first, second, ...
contrast (component) in the PCA decomposition of standardized residuals (or
as set by PRCOMP-*/*4=), i.e., variance that is not explained by the Rasch
measures, but that is explained by the contrast. At most, 5 contrasts are
reported. If less than 5 are reported, then the other contrasts have negative
eigenvalues, usually due to the data overfitting the Rasch model.

Table 5. Largest Standardized Residual Correlations Used to Identify
Dependent Item.

Correlation

Entry Entry

Number Item Number Item

0.27 5 6 9 1O
0.25 1 2 10 1

−0.40 2 3 5 6
−0.35 7 8 10 1
−0.34 1 2 6 7
−0.33 3 4 9 10
−0.32 2 3 8 9
−0.27 5 6 6 7
−0.26 1 2 7 8
−0.26 3 4 5 6
−0.25 1 2 9 10
−0.24 2 3 4 5
−0.23 9 10 10 1
−0.22 3 4 4 5
−0.22 7 8 9 10
−0.21 3 4 8 9
−0.20 2 3 7 8
−0.20 6 7 10 1
−0.19 5 6 7 8
−0.18 4 5 7 8
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the position of deep and superficial fat pads, decreased collagen,
reduced elasticity),18 the JS3 represents a relevant tool for pre-
cisely evaluating patient satisfaction with multiple treatment
effects. This becomes even more significant when considering
that the lower third of the face is often the hardest area to
treat in older patients. Therefore, the development of a

measurement tool capable of isolating the lower third of the
face becomes even more pertinent.

Limitations and Future Directions

The “ceiling effect” is a limitation of many satisfaction ques-
tionnaires,19,20 and is a result of the difficulty in subjects
being completely satisfied with all items of the scale (ie, there
is no room for improvement).21 In this study sample, only 4/
40 (10%) subjects totaled the maximum score, and this may
have hidden some of the association between subjects’ clinical
improvement and treatment satisfaction.22

Currently, the JS3 is only available in English. Certified
translations into other languages should be conducted and
future studies could replicate the current methodology on differ-
ent language versions, while taking into consideration standard-
ized guidelines for cross-cultural adaptation of PROMs.23

In addition, the authors plan on validating other versions of
the generic SSS, to be applicable to aesthetic treatments in dif-
ferent regions of the face (eg, lips, midface, and tear troughs).

Previously, the Rasch model has been used to develop and
validate other scales used in the aesthetics field. Most notably
is the FACE-Q aesthetics module,24 which consists of 34
scales and 6 checklists that measure a variety of important con-
cepts of interest to surgical and nonsurgical aesthetic patients,
including facial appearance, adverse events, patient expecta-
tions, appearance-related psychosocial distress, and quality of
life.25 Other condition-specific PROMs that have been devel-
oped using Rasch measurement theory include those for acne
and related scarring, body contouring, and craniofacial deformi-
ties.26 In addition to their favorable psychometric properties,
the clinical utility of these PROMs has been evidenced in
many clinical trials evaluating the results of blepharoplasties,
face-lifts, nonsurgical facial rejuvenation, orthognathic
surgery, rhinoplasty, lip augmentation, facial feminization/mas-
culinization procedures, chin augmentation, among others.24 To
the authors’ knowledge, the only PROM previously developed
specifically for the jawline includes the FACE-Q – Satisfaction
with Lower Face and Jawline scale (FQ-SLFJ), which consists
of 5 questions rated on a 4-point scale (1= very dissatisfied, 2=
somewhat dissatisfied, 3= somewhat satisfied, 4= very satis-
fied). Each of the 5 questions measures a different parameter
associated with patient satisfaction with the appearance of the
lower face and jawline (ie, prominence and definition of the
jawline, side view, how nice, and smooth the lower face
appears). Conversely, the JS3 consists of 9 questions which
are answered using a 5-point scale, with a neutral option
anchoring the middle of the response categories. Although
Rensis Likert (1932) advocated for the use of the 5-point
scale,27 the inclusion of a neutral option in surveys has since
been debated but is generally substantiated by adhering to
best practices when a direct comparison is being made (eg,
before vs after treatment).28 Including a neutral option as the
midway point also avoids the exaggeration of negative and/or
positive responses by forcing responders to make a choice in
the case of no preference/difference. Moreover, while the

Figure 2. Wright’s map is organized as 2 vertical histograms, with
the difficulty of each item on the right and the agreeability of each
person on the left. The difficulty of items and agreeability of persons
are distributed from most (top) to least (bottom).

Enright et al 7



FQ-SLFJ is a static (cross-sectional) measurement tool, the JS3 measures satisfaction with treatment results and thus has an

Table 6. Raw Sum Score to Rasch-Transformed Measures Conversion Table.

Score Measure SE Score Measure SE Score Measure SE

10 .00E 10.58 24 35.44 2.87 38 61.99 3.41
11 7.47 6.12 25 36.91 2.89 39 64.05 3.42
12 12.37 4.65 26 38.40 2.93 40 66.14 3.46
13 15.68 4.06 27 39.95 2.99 41 68.30 3.52
14 18.34 3.72 28 41.56 3.06 42 70.54 3.60
15 20.64 3.50 29 43.27 3.16 43 72.88 3.68
16 22.69 3.33 30 45.10 3.27 44 75.34 3.77
17 24.57 3.20 31 47.05 3.38 45 77.92 3.88
18 26.31 3.09 32 49.13 3.47 46 80.68 4.03
19 27.96 3.01 33 51.29 3.52 47 83.71 4.28
20 29.53 2.95 34 53.49 3.53 48 87.30 4.80
21 31.04 2.91 35 55.58 3.50 49 92.42 6.20
22 21.53 2.88 36 57.82 3.46 50 100.00E 10.62
23 33.99 2.87 37 59.92 3.43

Figure 3. Three-dimensional images of a 58-year-old woman at baseline (a) and month 1 (b) following hyaluronic acid (Restylane Lyft)
injections for contouring the jawline [total volume administered over 2 visits; baseline= 4.0 mL; week 2= 4.3 mL (total= 8.3 mL)].

Figure 4. Three-dimensional images of a 66-year-old man at baseline (a) and month 1 (b) following hyaluronic acid (Restylane Lyft) injections
for contouring the jawline [total volume administered over 2 visits; baseline= 4.6 mL; week 2= 1.4 mL (total= 6.0 mL)].
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implicit temporal feature associated with changes over time.
This makes statistical models based on the JS3 less challenging
to handle the dynamics of causality as direct inferences are cap-
tured, whereas the FQ-SLFJ ignores treatment assignments and
can only demonstrate a correlation. Nonetheless, given the dif-
ferences (no overlap) in the parameters assessed by the 2 scales,
both could be used to investigate the heterogeneity of treatment
effects.

Conclusion

Application of the Rasch model produced a valid and reliable
scale (ie, JS3) for measuring satisfaction with the appearance
of the jawline following aesthetic treatments.
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