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Abstract

Background: Infraorbital hollowing is a facial aesthetic issue for which a broad age range of patients seek treatment.
Expanding treatment options for this region warrants the development of validated tools to objectively assess infraorbital
hollow (IOH) severity before and after treatment.

Objectives: To validate a 4-point rating scale to assess depression of IOH, depression relative to the mid-pupillary line, and
visibility of the lateral orbital rim.

Methods: The IOH scale described herein was developed and subjected to live validation with a total of 73 patients rep-
resenting the full range of IOH severities. Scale validation was performed by board-certified plastic surgeons and derma-
tologists (3 raters) over 2 rounds, 2 weeks apart. Intrarater and interrater reliabilities were used to demonstrate test—retest
reliability as quantitated with percentage of agreement, weighted kappa statistic with 95% confidence interval (Cl), and in-
traclass correlation coefficient with 95% CI. The clinical relevance of a 1-grade difference was evaluated by comparing rater
assessments of 77 photo pairs with their previously determined designation as “clinically different” or “not clinically
different.”

Results: The IOH scale demonstrated substantial to near-perfect intrarater and interrater reliabilities when utilized by
trained raters to assess a diverse group of live patients. Furthermore, clinically relevant differences between grades
were established, and detection of a 1-point difference could be achieved by trained evaluators using the IOH scale.
Conclusions: This highly reliable, clinically relevant, and validated IOH scale provides a user-friendly, standardized grading
system to objectively evaluate and track changes in infraorbital hollowing in clinical practice and research.
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The periorbital area has a prominent role in communication
and perception of beauty, andis also one of the first areas of
the face where aging is apparent, making it a common area
for facial rejuvenation among aesthetic patien’[s.1’3 Within
the periorbital region, infraorbital hollowing is one of the
most bothersome facial defects for which patients seek aes-
thetic treatment in both younger and older population&2
Even subtle shadowing and hollowing in the infraorbital re-
gion can convey the appearance of sadness or fatigue,
prompting concerned patients to presentin clinical practice
seeking a more evenly contoured, vibrant facial look.%™

The tear trough is the natural depression that extends
inferolaterally from the medial canthus toward the mid-
pupillary line and the palpebromalar groove, which extends
around the lateral half of the inferior orbit.>® Prominent in-
fraorbital hollow (IOH) is primarily caused by tethering or
loss of tensile strength of the tear trough ligament, which
connects the medial suborbital skin to the maxilla.” The ap-
pearance of the resulting concave groove is augmented by
contrasting tissue quality and quantity above and below it.”
Above the IOH, subcutaneous fat is absent, and the skin is
thinner, softer, and may be relatively darker, whereas, be-
low the IOH, subcutaneous fat is covered by thicker skin.”
Although not exclusively related to aging and sometimes
present in younger patients due to facial anatomy, the
IOH becomes more pronounced with time as it extends lat-
erally with the palpebromalar groove, eventually leading to
a visible lateral orbital rim.”° Age-related changes contrib-
uting to increasing IOH prominence include orbital fat bulg-
ing above the ligament opposite loss of mid-facial fat pad
volume, tissue descent, maxillary retrusion, ligament laxity,
and atrophy below the ligament.”®

While surgical interventions can correct IOH, noninvasive
techniques have been used increasingly to treat the defect,
yielding a high rate of patient satisfaction in a region where
noticeable improvement can arise from minimally invasive
treatment, and injection with fillers is relatively durable.>"
Expanding treatment options for this region, as well as the
dramatic impact of treatment and the need to characterize
and/or compare efficacy and durability, warrant the develop-
ment of validated tools to objectively assess IOH severity be-
fore and after treatment. To meet this demand, a 4-point scale
assessing IOH was developed and validated by establishing
its high test—retest reliability and clinical relevance (Table 1).

METHODS

The IOH scale is a 4-point rating scale to assess
the depression of the IOH, depression in relation to the mid-
pupillary line, and visibility of the lateral orbital rim. The scale
was developed by a team consisting of a board-certified
plastic surgeon and a board-certified dermatologist (“devel-
opers”), and separately validated using live participants and

Table 1. Descriptors for Infraorbital Hollow Scale

Grade Term Descriptor
0 None/ « None to minimal depression of the infraorbital
minimal area
1 Mild « Mild depression of the infraorbital hollow
- Does not extend past the mid-pupillary line
2 Moderate - Moderate depression of the infraorbital hollow
- May extend past the mid-pupillary line
« Lateral orbital rim not visible
3 Severe « Severe depression of the infraorbital hollow
- Extends past the mid-pupillary line
« Visible lateral orbital rim

a separate group of clinicians (“raters”) consisting of 2
board-certified dermatologists and 1 plastic surgeon.
Raters were trained by grading sample images and
achieving consensus rating live patients using the IOH scale
prior to validation.

Scale Development

A total of 126 adult males and females representing various
races, ethnicities, and Fitzpatrick skin types consented to
and participated in image collection to build the scale.
While IRB approval was not required for this study, the con-
sent forms signed and the process of image collection con-
formed to the principles set forth in the Declaration of
Helsinki. Participants wore no makeup and/or jewelry and
were clean-shaven during image capture. Scale develop-
ers independently reviewed right and left oblique and fron-
tal images, 1 patient at a time, and scored the severity of
IOHs by designating as none/minimal, mild, moderate,
and severe in the absence of descriptors.

The completed scale consists of 3 components: (1) textu-
al descriptors, (2) morphed images, and (3) actual patient
images, representing different sexes and Fitzpatrick skin
types (Figure). Textual descriptors for each grade were
composed by the scale developers. Developers selected
2 representative images for each grade to form a diverse
set of actual patient images for the scale.

The morphed images were developed through artificial
intelligence (Al) facial averaging technology." The goal of
this component was to model grade-based differences
across the 4 points of the scale through statistical model-
based “morphing” of a single individual “base image.”

Morphing models were developed from participant im-
ages. Briefly, images were bucketed according to their re-
spective grades. Next, all images were annotated with
anatomical landmarks and then aligned to a common
base image of Grade 0O using thin plate spline warping.
Statistical color and topography models were then built us-
ing the IOH grade of each image as the independent vari-
able™™ The completed models allowed for accurate
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Infraorbital Hollow

1 mild

« Mild depression of the
infraorbital hollow

+ Does not extend past the
mid-pupillary line

0 None / Minimal

« None to minimal depression of
the infraorbital area

2 Moderate

3 Severe

« Severe depression of the
infraorbital hollow

« Extends past the
mid-pupillary line
« Visible lateral orbital rim

+ Moderate depression of the
infraorbital hollow

+ May extend past the
mid-pupillary line
« Lateral orbital rim not visible

INFRAORBITAL HOLLOW SCALE
Copyright @ 2021 Canfield Scientific, Inc.
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Figure. The Infraorbital Hollow Scale illustrates each severity grade with 3 sets of vivid images framed as cropped right and left
oblique and corresponding detailed descriptions. The top line photographs were morphed from a base image to represent each
grade using facial averaging, whereas the rest of the scale was populated with unmorphed, actual patient images selected for
each grade of IOH severity. This scale is owned and licensed for use by Canfield Scientific, Parsippany, NJ, USA.

image-based prediction of facial appearance for a desired
target grade on the 4-point IOH scale. Note that the models
were not just limited to the IOH region but predict the full
face including any other facial feature correlated with IOH
and accounted for every pixel in the image given.
Relative difference of the predictions for Grade O and
each of the Grades 1through 3 was applied to the base im-
age of Grade 0 to produce simulated, morphed images for
Grades 1, 2, and 3, along with unmorphed images of pa-
tients across all gradations. Morphed images maintain the
identity of the base participant but include the appearance

of the higher IOH grades based entirely on the real graded
data set and the statistical models they produced. The re-
sult is a realistic, data-based IOH scale on a single base in-
dividual which serves as a guide, alongside actual images
of real patients in each grade of IOH.

Scale Validation

Trained raters performed live validation of the IOH scale over
2 live validation rounds, conducted 2 weeks apart. A total of
73 patients were selected to represent the full range of
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Table 2. Demographics for Live-Patient Scale Validation

Age (years)

Mean (SD) 44.6 (15.1)

Median 45

Minimum, maximum 18, 71
Height (cm)

Mean (SD) 166.7 (8.7)

Median 165.1

Minimum, maximum 150, 188
Weight (kg)

Mean (SD) 69.1(14.0)

Median 67.6

Minimum, maximum 46, 104
Sex, n (%)

Male 20 (27.4)

Female 53(72.6)
Ethnicity, n (%)

Hispanic or Latino 5 (6.9)

Not Hispanic or Latino 68 (93.2)
Race, n (%)

American Indian or Alaska Native 1(1.4)

Asian Indian 2(2.7)

Black or African American 5(6.9)

Asian 5 (6.9)

Native Hawaiian or Other Pacific Islander 1(1.4)

White 59 (80.8)
Fitzpatrick skin type, n (%)

| 0(0)

Il 1 (15.1)

1] 34 (46.6)

v 23 (31.5)

\Y 1(1.4)

VI 4 (5.5)

SD, standard deviation.

different depression levels of the IOH. Participants were in-
structed to arrive to the sessions clean-shaven, without make-
up and/or jewelry, and maintain their usual routine (eg, facial

care, sleep, and hydration routines), abstaining from tanning
sessions or extensive sun exposure between sessions.
During the live validation session, participants presented
themselves at a rating station where a scale validator used
a printed copy of the photo numeric scale to assign an integer
rating of O to 3 to each patient for right and left IOHSs, sepa-
rately, and recorded the score through electronic data cap-
ture. Each scale validator proceeded from 1 rating station to
the next until each participant had been evaluated by all 3
scale validators. Patients were asked to maintain the same
self-care routines and avoid facial treatments or environmen-
tal exposures that could change their facial appearance in the
intervening period. These same patients were assessed at
the second round, but in a different random sequence.

Evaluation of Clinical Relevance

To determine if clinically relevant differences between
grades on the IOH scale can be detected when utilized
by trained raters, a set of photographs was selected to rep-
resent all grades on the scale. Rating scores were deter-
mined by the majority of scores assigned during scale
development. The photographs were then used to gener-
ate 77 photo pairs covering all scale grades that might be
considered “not clinically different” (29 pairs) or “clinically
different” (30 pairs with 1-point difference, 12 pairs with
2-point difference, and 6 pairs with 3-point difference).
The 3 scale validators were asked to perform a
side-by-side evaluation of the photo pairs. During the ses-
sion, the raters were presented with all 77 photo pairs and
asked whether there was a clinically significant difference
in the IOH depression of the 2 patients. After the session,
each validator used the scale to assign a score to randomly
sequenced individual photographs from all photo pairs.

Data Analysis and Statistical Methods

All statistical analyses were performed using SAS Version 9.4
(SAS Institute; Cary, NC). Test—retest reliability was quanti-
tated through measuring intrarater and interrater reliabilities.
Intrarater reliability between Rounds 1 and 2 was evaluated
for each rater, median of all raters, and all raters combined
by calculating the percentage of agreement (exact and
>1-grade difference), weighted kappa statistic with 95% con-
fidence interval (Cl), and intraclass correlation coefficient
(ICC) with 95% CI. Interrater reliability was determined for
each pair of raters and for each rater against the median score
of all 3 raters using the same 3 calculations. Weighted kappa
statistics and ICC were calculated using established methods,
where >0 and <0.2 indicate slight agreement, >0.2 and <0.4
indicate fair agreement, >0.4 and <0.6 indicate moderate
agreement, >0.6 and <0.8 indicate substantial agreement,
and >0.8 and <1.0 indicate almost perfect agreement.""®
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Table 3. Intrarater Reliability

0.840 (0.769, 0.910)

0.841(0.759, 0.897)

0.897 (0.850, 0.943)

0.898 (0.842, 0.935)

0.793 (0.718, 0.869)

0.796 (0.689, 0.868)

0.849 (0.812, 0.886)

0.923 (0.880, 0.951)

0.842 (0.783, 0.902)

0.844 (0.763, 0.899)

0.889 (0.832, 0.946)

0.890 (0.826, 0.931)

0.812 (0.734, 0.890)

0.814 (0.713, 0.881)

Ro a Ro d Perce ge exa greeme Pe e ge
Right face
Rater 1 68.5 98.6
Rater 2 75.3 100
Rater 3 65.8 100
Combined — —
Left face
Rater 1 67.1 100
Rater 2 79.5 100
Rater 3 7.2 100
Combined — —

0.850 (0.813, 0.887)

0.920 (0.875, 0.949)

Cl, confidence interval; ICC, intraclass correlation coefficient.

Clinical relevance was evaluated via absolute differences
in rating scores between each paired photograph. The abso-
lute differences were calculated from the actual ratings as-
signed by the 3 independent raters and were summarized
using descriptive statistics for the photo pairs originally
deemed as clinically different and not clinically different.
The mean, standard deviation, and 95% CI of the mean
were reported. Further analysis of clinical relevance deter-
mined the proportion of agreement between the rater’s as-
sessments vs the original assessments of the photo pairs,
with agreement being defined as at least 2 out of 3 raters
giving the same assessment (ie, clinically different vs not
clinically different). The frequency counts and percentages
of agreement were summarized for all photo pairs, clinically
different photo pairs, and not clinically different photo pairs.

RESULTS

Live-Patient Scale Validation

Patients participating in the live validation population rep-
resented both sexes and a wide range of age, self-reported
race and ethnicities, and clinical-rater-assessed Fitzpatrick
skin types, with most participants identifying as white,
non-Hispanic females (Table 2). The age range of evaluat-
ed patients represented most of the patient population,
with a mean of middle age (44.6 years), representing pa-
tients frequently seen in practice. Fitzpatrick Skin Types
Il and IV were most prevalent in the evaluated population.
Participants had a broad range of heights and weights, with
the mean values being representative of a healthy body
mass index.

The IOH scale intrarater reliability, agreement between
the first rating and second rating 2 weeks later from the

same rater (Rounds 1 and 2), was assessed for right and
left IOHs of 73 patients. Results for Rounds 1 and 2 were
evaluated through the percentage of exact matches, repro-
ducibility within 1 grade, and weighted kappa coefficients
(95% Cl) for the 3 raters (Table 3). The ratings of the right
face and left IOHs showed comparable results, with com-
bined weighted kappa coefficients and ICC for the 3 raters
indicating almost perfect agreement of 0.849 and 0.923 for
the right side and 0.850 and 0.920 for the left side, respec-
tively. The percentage of exact agreement of the assessed
grade for a single image between the 2 rounds for each rat-
erranged from 66% to 80%, whereas the percentage of as-
signed grades within 1 grade was nearly 100% for each of
the raters.

Similarly, interrater analysis (agreement between raters)
for evaluation of right and left sides of the IOH using the
IOH scale indicated substantial to almost perfect agree-
ment. The weighted kappa coefficients across all rater
pairs for the right and left face ranged from 0.746 to
0.785 for Round 1 and 0.750 to 0.829 for Round
2. Similarly, the ICC ranged from 0.748 to 0.787 for
Round 1 and 0.752 to 0.831 for Round 2.

Clinical Relevance Determination

The absolute differences in scores assigned by 3 indepen-
dent raters between pairs originally deemed clinically dif-
ferent vs not clinically different for photo-pair selections
were evaluated (Table 4). The mean absolute difference
in scores between clinically different photo pairs was
over 1 grade (median [95% CIJ; 117 [1.02, 1.31]), whereas
the mean difference for not clinically different photo pairs
was less than half a grade (median [95% ClIJ; 0.48 [0.36,
0.60]). Furthermore, the 95% Cls for clinically different vs
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Table 4. Evaluation of Clinical Relevance

Absolute difference in scores
between paired photographs

Assessment

Original assessments used | n | Mean (SD) Minimum, 95% Cl
for photo-pair selections maximum of mean

Clinically different pairs 144 | 117 (0.88) 0,3 1.02,1.31

Not clinically different pairs | 87 | 0.48 (0.57) 0,2 0.36, 0.60

Cl, confidence interval; SD, standard deviation.

not clinically different pairs do not overlap. Taken together,
these results suggest that the raters were able to accurate-
ly rate photographs by utilizing the IOH scale, and a 1-point
difference on the IOH scale is clinically relevant.

Evaluating the proportion of agreement of photo-pair as-
sessments revealed that the raters gave the same assess-
ments for the photo pairs when compared against original
assessments (ie, clinically different vs not clinically differ-
ent). Relative to the original assessments, at least 2 out of
3 raters assigned the same assessments for 64.9% (50 of
77) of the total photo pairs, 75% (36 of 48) of the clinically
different pairs, and 48.3% (14 of 29) of the not clinically
different pairs. The high proportion of agreement indicates
that clinically relevant differences on the IOH scale can be
detected by raters when evaluating random side-by-side
photographs with >1 grade difference.

DISCUSSION

Live validation of the IOH scale was performed using
board-certified plastic surgeons and dermatologists with
high test—retest reliability as demonstrated by substantial
to almost perfect values for weighted kappa coefficients
and ICC values as measures of intrarater and interrater re-
liabilities. Comparable results were observed for the right
and left IOH when evaluated separately by raters.
The high intrarater and interrater reliabilities indicate that
the IOH scale can be used for dependable evaluation
by the same rater multiple times and for individual raters
at different times, respectively. Furthermore, raters were
able to accurately rate photographs by utilizing the IOH
scale, demonstrating clinically relevant differences be-
tween grades and that a 1-point difference can be detected
when utilized by trained evaluators.

Evidence-based grading systems are necessary to ob-
jectively assess aesthetic defects to aid in planning correc-
tive procedures and evaluating outcomes."” Utilizing a
validated scale may lessen subjective perceptions of
success for both the physician and patient while providing
patients with realistic expectations of nonsurgical aesthetic
procedures.”®'® Validation of the presented IOH scale
supports its implementation in clinical practice for

preprocedure assessment and evaluation of outcomes.
Although the IOH scale reported herein is not the first pub-
lished scale rating infraorbital hollowing,?%%3 the scale is
unique in that it was developed and validated with live
grading for the sole purpose of providing a scale with prov-
en reliability for broad industry access. Two commercially
published IOH photonumeric scales were designed with
a similar approach and also validated in a live, diverse pa-
tient population.2®?' However, the scale presented herein
has added merit as it captures IOH at different angles with
ample lighting and a bright background to avoid shadow-
ing, resulting in vibrant imagery and possibly contributing
to its slightly higher intrarater and interrater reliabilities
scores relative to these previously published scales. The
features of the presented scale give enhanced visual con-
text to the IOH to facilitate more accurate grading of the live
patient. The proven high reliability, user-friendly design,
and suitability to assess real-life populations intrinsic to
this scale will likely benefit the facial rejuvenation field
and prove useful for preprocedure and postprocedure
evaluation of infraorbital hollowing.

Patient participating in the live validation population rep-
resented both sexes and a wide range of age, self-reported
race and ethnicities, and clinical-rater-assessed Fitzpatrick
skin types. The reported high test—retest reliability of the
IOH scale may be attributed to its representation of multi-
ple Fitzpatrick skin types of both sexes at each severity
grade, giving raters several visuals on which to base their
assessments. Additionally, each severity grade is illustrat-
ed with 3 sets of vivid images, framed as cropped right ob-
ligue and frontal, and corresponding detailed descriptions,
effectively representing the IOH characteristics typical of
each grade. As previously mentioned, the top line-scale
photographs were morphed from a base image to repre-
sent each grade using statistical facial averaging models,
whereas most of the scale was populated with unmorphed,
actual patient images selected for each grade of IOH se-
verity. This strategy allows the evaluator to isolate the
IOH changes that occur with each progressing grade in
the morphed image while referencing multiple real-world
images of patients representing each grade.

Although multiple Fitzpatrick skin types are represented
in the IOH scale, one possible limitation is that facial fea-
tures from White patients are most often depicted. Future
studies could be strengthened by including greater propor-
tions of participant from different racial backgrounds.
Additionally, the number of reviewers selected for this
study was based on the number of patients: with 3 raters
and 73 patients, the 95% Cl is predicted to be 0.1 (when
the expected ICC is 0.7**) or 0.2 (when the expected ICC
is 0.6). However, we do recognize that the validity of study
outcomes is affected not only by the number of raters, but
also by their qualification and training. In this study, the rat-
ers were both experienced clinicians, well-practiced in
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using scales for clinical research, and were trained regard-
ing the validation process and its implementation. While fu-
ture studies may be further strengthened by including
additional raters, we believe this study to be of sufficient
strength to warrant use of the presented scale in clinical
studies and/or clinical practice. Finally, within this study,
confirmation of the clinical relevance of a 1-grade differ-
ence was determined by the reviewers by comparing rater
assessments of photo pairs with previously determined
designations of pairs as clinically different or not clinically
different; however, any future clinical studies in which
1-grade differences on this scale are achieved through
aesthetic interventions performed on patients and are
achieved alongside other validated and/or commonly
used patient and physician measures, such as the
Global Aesthetic Improvement Scale or will be of interest
and informative for confirming that 1-point changes are as-
sociated with global improvement, satisfaction, or other
outcomes.

CONCLUSIONS

The presented IOH scale demonstrated substantial to
near-perfect intrarater and interrater agreement among
board-certified physicians and clinically relevant differenc-
es between each scale grade. By using both morphed
and real-world images representing males and females
with diverse Fitzpatrick skin types, the IOH scale facilitates
accurate patient assessment by allowing the evaluator to
reference isolated progressive IOH changes. Clear and vi-
brant photographs showcasing 2 views of the IOH defect
with corresponding text descriptions enhance the scale’s
utility. The resulting clinically relevant, easy-to-use, highly
reliable and validated IOH scale provides a standardized
grading system for aesthetics clinicians to objectively as-
sess infraorbital hollowing in clinical practice.
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