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Abstract

Objectives: Despite the limited validity of the Sunnybrook grading index, it is routinely used for the clinical evalu-
ation of facial palsy. This study aimed to assess the dynamic asymmetry in unilateral facial palsy and mathematically
validate a modified version of the Sunnybrook facial grading system.

Methods: The Sunnybrook facial grading system was modified to provide more descriptions of the measured pa-
rameters of the distorted facial expression in unilateral facial paralysis. This correlation study was conducted on 16
patients with unilateral facial palsy and a matched control group. Three-dimensional video recordings of six facial
expressions - rest, maximum smile, cheek puff, lip purse, eyebrow raising, and eye closure - were used for each case
in the analysis. Advanced geometric morphometrics were applied to quantify facial asymmetry and morphology
throughout the course of each expression. Seven professional assessors graded facial asymmetry for the 16 cases,
twice, using the modified Sunnybrook index. Cross-correlations between the objective mathematical measurements
and the subjective clinical grades were calculated.

Results: The inter- and intra-observer reproducibility of the modified Sunnybrook index was high (r = —0.8). Signifi-
cant positive correlations were detected between the clinical grading of facial palsy and the mathematical measure-
ments at rest, maximum smile, lip purse, and raising of eyebrows. The correlations between the modified Sunny-
brook index and mathematical measurements were poor for cheek puff and forceful eye closure.

Conclusions: The modified Sunnybrook grading index proved reproducible and mathematically valid for the grading
of unilateral facial paralysis in most facial expressions, except for cheek puff and forceful eye closure.
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Introduction

Various methods have been proposed for the analysis of
facial palsy, most of which are based on the subjective vis-
ual evaluation and inspection of the face™". The objective
assessment of facial morphology and muscle function is cru-
cial to improve the quality of surgical management of facial
paralysis”. The lack of a universally accepted grading sys-
tem for facial palsy limits the reliability of evaluating the

outcomes of facial reanimation surgery>'”. Available knowl-
edge on the dynamics of muscle movements in facial palsy
is limited". Fattah et al.” evaluated 19 facial nerve grading
scales with regard to their reproducibility, inter-observer, and
intra-observer variability. The Sunnybrook facial grading
system satisfied all the criteria and has been proven to be
reproducible'®", with high intra- and inter-observer agree-
ments. The authors recommend the Sunnybrook facial grad-
ing system as the de facto standard for quantifying abnormal
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facial nerve function; however, its validity for the evaluation
of distorted facial muscle movements has not yet been
tested.

The literature confirmed that the validity of the subjective
evaluation of facial deformity depends on the method of as-
sessment and the experience of the panel of assessors”?".
Tan et al.” investigated the consistency between two stimu-
lus media for the assessment of facial palsy: the face-to-face
examination and the evaluation of video clips. Seven profes-
sional assessors evaluated 28 patients with facial palsy using
three clinical grading scales: the House-Brackmann scale,
Sydney scale, and Sunnybrook index. The assessments were
repeated on the two-dimensional (2D) digital videos and re-
corded on the same day of the initial clinical evaluation.
There was limited agreement among assessors in the assess-
ment of facial palsy with the House-Brackmann scale and
the Sunnybrook grading system. The study did not provide
information on the calibration process and rating protocol of
the assessors, but considered the mathematical objective
validation.

Banks et al.** evaluated the facial mimetic function us-
ing the electronic, clinician-graded facial function scale
(eFACE)™. The scoring consistency between the in-person
evaluation and the assessment of video recording was inves-
tigated. Two surgeons assessed five patients who had various
degrees of facial palsy. There was a strong agreement be-
tween the two modes of assessment, with a high reproduci-
bility of the video-based eFACE scoring system.

The real-time three-dimensional (3D) imaging of muscle
movements has proved to be reliable in recording the dy-
namics of facial expressions, which facilitates the analysis
and quantification of morphological and functional distor-
tions™. Stereophotogrammetry has allowed the consistent re-
liable recording of facial morphology®*”. It provides invalu-
able volumetric and morphological data for analysis and al-
lows the capture of facial movement over time™.

Recently, a computerized version of the Sunnybrook fa-
cial grading scale has been validated using 2D photographs
of 30 subjects with unilateral facial palsy. A score of 1-5
quantified the disparity of facial muscle movements between
the right and left sides of the face. The movement of auto-
matically identified facial markers on the paralyzed side was
compared to that of the unaffected side, and the difference
calculated as a percentage. These were correlated to the
Sunnybrook scales rated by three clinical assessors. The cor-
relations of the software-derived scores with the clinical
scales were limited because of the inconsistency of the as-
sessors. The study did not consider the dynamics of facial
expressions; it only measured the differences between the
two sides of the face at maximum muscle movements for
each expression, which may not show the greatest disparity
between the paralytic and non-paralytic sides of the face™.

The reliability of the Sunnybrook scale was tested in pa-
tients with subacute stroke using the video tape of the pa-
tients and showed high inter- and intra-rater reproducibil-
ity’”. High reproducibility was also recorded when the grad-
ing system was applied in various languages, but these stud-
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ies and the rest of the literature did not evaluate the mathe-
matical validity of the Sunnybrook facial grading index;
they only confirmed its reproducibility among clinical asses-
sors™*. This deficiency inspired our study, which aimed to
explore the mathematical validity of the Sunnybrook grading
index and to quantify the impairment of facial muscles in
unilateral facial paralysis.

Recently, our team applied a linear mixed-effects model
to assess the reproducibility of the modified Sunnybrook
grading index; the assessors and the repeated assessments
were the fixed effects, and the grading parameters and pa-
tients were the random effects. The results showed no sig-
nificant effects of repeated subjective assessments on the
grades (p = 1.0; estimated coefficient 0.00); however,
there was a significant effect of assessors on the grades (p =
0.0329; estimated coefficient = —0.02). The results indicated
that the modified Sunnybrook (MSB) grading method was
reproducible within individual assessors™.

Therefore, the objective of this study was to assess the
mathematical validity of the MSB grading index in quantify-
ing the dynamic dysmorphology of facial expressions in uni-
lateral facial paralysis.

Methods

Clinical grading of facial palsy using the modified Sunny-
brook index

The Sunnybrook grading index was modified to allow a
realistic validation against the mathematical measurements
of facial asymmetry in unilateral facial paralysis. We in-
cluded a set of specific descriptors to define more compre-
hensively the abnormality of facial movement of individual
facial expressions the MSB index (Table 1) graded the facial
appearance of the eye, cheek, and mouth regions at rest and
during five facial expressions, to grasp the major deficien-
cies of the muscle activities because of facial paralysis. The
snarl movement of the original Sunnybrook facial grading
system was replaced with the cheek puff in the modified
version. This was based on the study by Spielmann et al.”,
who concluded that there is no long-term evidence of pa-
tient benefit from the surgical corrections of the muscles re-
sponsible for the snarl movement. The cheek puff is more
meaningful as it discloses the activity of the peri-oral mus-
cle group, starting with the contraction of the orbicularis
oris, followed by the contraction of the buccinator, risorius,
and zygomaticus major and zygomatic minor muscles. The
movements of these muscles are impaired because of facial
paralysis, resulting in facial asymmetry™.

The MSB index was piloted against the full range of fa-
cial palsy, before it was validated against the mathematical
measurements of facial asymmetry in this study. Seven ex-
pert assessors viewed the video clips of the four-dimensional
(4D) sequence of the five facial expressions of 16 patients,
which generated about 1000 3D images per case. Patients
provided consent for their photos to be included in publica-
tions. The assessors graded facial dysmorphology according
to the MSB index, on two occasions, 8 weeks apart.
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Table 1. The Modified Sunnybrook Index.

Index

Facial expression
parameter

Grades

Rest MSB 1

Grade: The eye resting asymmetry score compared to the non-affected side

Abnormal: narrow/wide/eyelid surgery

Normal

MSB 2
Absent

Grade: The nasolabial fold resting asymmetry compared to the non-affected side

Altered: less or more pronounced

Normal

MSB 3

Grade: The corner of mouth resting asymmetry compared to the non-affected side

Abnormal: corner dropped or pulled up/out

Normal

Forehead wrinkling MSB 4

Grade: The degree of eyebrow movement compared to the non-affected side

No movement with no muscle activity

No movement with muscle activity

Reduced movement with minimal horizontal lines on affected side

Reduced movement with horizontal lines on both sides

Normal movement

Eye closure MSB 5

No movement

Grade: The degree of eye movement compared to the non-affected side

Slight movement with significant gap

Moderate movement with small gap

Eye closure with forceful contracture

Normal movement

Smile MSB 6

No movement

Grade: The degree of smile movement compared to the non-affected side

Movement of the cheek without movement of the corner of the mouth

Movement of the cheek with some lifting of the corner of the mouth

Movement not fully symmetrical, showing teeth on affected side

Normal movement

Cheek puff MSB 7
No movement

Flicker of movement

Grade: The degree of cheek movement compared to the non-affected side

Weak movement with incomplete oral seal

Weak movement with complete oral seal

Normal movement

Lip purse MSB 8

No movement

Grade: The degree of lip pucker movement compared to the non-affected side

Slight movement without memetic lines

Movement with philtral deviation

Movement without philtral deviation

Normal movement

The sample size calculation for the mathematical assess-
ment of the asymmetry was based on the study of Johnston
et al.”. The expected mean difference in overall landmark
positions was 0.49 mm (effect size) and 1 mm standard de-
viation of the mean.

Capture of facial movements

The Di4D facial imaging capture system, developed by
Dimensional Imaging Limited, Hillington, Scotland, UK,
was used to record facial movements. The capture station
consists of two gray-scale cameras (model avA 1600-65 km/
ke, resolution 1600x1200 pixels), a sensor (model KAI-
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02050; ON Semiconductor, Phoenix, AZ, USA), a color
camera (Kodak sensor model KAI-02050, Basler, Germany),
and a lighting system (model DIV-401 Diva Lite; Kino Flo
Corporation, Burbank, CA, USA). The gray-scale cameras
captured the 3D image sequence at a rate of 60 3D facial
frames per second, and the color camera captured the sur-
face color and texture. The capture system was connected to
a desktop computer to build the sequence of the 3D facial
images for each facial expression.

In addition to the facial expression at rest, five facial ex-
pressions - maximum smile, lip purse, cheek puff, eyebrow
raising, and eye closure - were recorded. Each facial expres-
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sion was recorded over 3-6 seconds, according to an estab-
lished protocol®. This produced a minimum of 180 3D fa-
cial frames per expression.

The 3D image processing included the manual digitization
of facial anatomical landmarks as well as the building of the
dense surface model (DSM). A set of 23 anatomical land-
marks were manually digitized on the captured 3D facial
model, according to the established protocol'’. The repro-
ducibility of the digitization of landmarks was investigated
and published in our previous study"”. The 3D coordinates
of the landmarks in the X, Y, and Z directions were saved in
the “dilm” file format. These were utilized to clone a ge-
neric facial template into the individual facial morphology.

A generic facial template composed of 7000 symmetrical
and uniformly distributed quasi-landmarks was used to build
dense correspondence on the first frame of the sequence of
the captured 3D image of each facial expression. The ge-
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neric mesh was mathematically adapted (conformed) to the
3D image to portray the detailed morphology of the face
during each facial expression (Figure 1). The mesh confor-
mation process was shown to be accurate to within 0.2-0.7
mm*. The conformed meshes provided the mathematical
shape for analyses. The accuracy of point tracking of the fa-
cial landmarks of the set of 3D images, which were gener-
ated during the capture of facial expressions, was within 0.5
mm™,

The conformed mesh provided a comprehensive full facial
representation. The Di4D-View software tracked the changes
over time of the 3D facial morphology of each facial ex-

pression.
Mathematical analyses of facial asymmetry

Each of the tracked conformed models was aligned on its
own mirror image copy using partial Procrustes analysis.
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Figure 2. Resting facial asymmetry showing the distance patterns of the minimal facial

asymmetry (global asymmetry) at rest. The color code ranges from blue (1) to red (7). The

blue color indicates perfect symmetry because of the minimal difference in the mean abso-

lute distance between the vertices of the 3D images and its corresponding reflections. The

changing color from deep blue to red indicates an increase in the magnitude of facial asym-

metry.

The asymmetry score was calculated based on the average
Euclidean distance of the corresponding vertices between the
model and its aligned mirror copy. The average distances
between the 7000 vertices of the conformed mesh of the 3D
facial image and the corresponding vertices of the mirror
copy provided a measure of the asymmetry score. In perfect
symmetry, the score equals zero.

The DSM of the 3D facial images was subdivided into 10
facial anatomical regions (full face, forehead, eyes, nose,
cheeks, nasolabial, upper lip, lower lip, chin, and corner of
the mouth) to facilitate the assessment of the regional asym-
metry. Figure 1 explains the steps that were followed.

Dynamic asymmetry scores at each expression per indi-
vidual were calculated. For patients and controls, the mean
asymmetry score for 10 regions of each frame of six expres-
sions was calculated. The minimum, mean, median, and
maximum values (pts) of the asymmetry were calculated for
the 3D model sequences of each of the 10 individual regions
(full face, forehead, eyes, nose, cheek, nasolabial, upper lip,
lower lip, chin, and corner of mouth).

For each patient, the Z scores of the minimal, mean, me-
dian, and maximum asymmetry values (pts) were calculated
for the 10 regions of the six expressions based on the equa-
tion:

Z = pts — mean_asymmetry_of_regions_of_controls/std (1)

Z = 0.0 if (pts — mean_asymmetry_of_regions_of_con-
trols)/std < O 2)

The relationship between the clinical grading using the
MSB and the mathematical measurements of asymmetry of
each expression derived from the 180 3D images of each fa-
cial expression was assessed.

Results

No statistically significant differences were detected be-
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tween the first and second clinical assessments of unilateral
facial palsy using the MSB index, with an average intra-
rater reliability of = 0.8 and an inter-rater reliability of r =
0.6. The landmarking reproducibility assessment", using a
paired-sample t-test, showed no statistically significant dif-
ferences between the first and second landmarking sessions
(p < 0.05), with an absolute distance between the average
repeated landmarking of 0.99 mm. p-Values for the medio-
lateral, vertical, and anteroposterior directions were 0.11,
0.22, and 0.73, respectively.

The minimal value of the facial asymmetries of the rest
expression had a higher magnitude of correlation coefficient
than that of other values. The MSB correlated reasonably
well with the mathematical measurements of facial asymme-
try at rest and throughout the course of facial expressions.
The clinical grading of the smile was strongly correlated
with the objective measurements, followed by lip purse, eye
closure, cheek puff, and eyebrow raising.

Assessment of facial asymmetry at rest (Figure 2)

The three parameters of the MSB index at rest showed
high correlations with the minimal asymmetry measurements
of the cheek (MSB2 r = —0.76) and the upper lip (MSB3 r
0.69) but lower correlations with that of the eye region
(MSB1 r = -0.42; Table 2).

Assessment of the smile

Various patterns of facial asymmetry were noted with the
maximum smile (Figure 3). There were significant correla-
tions of the measured asymmetries and the clinical assess-
ments of the smile at the relevant facial regions (MSB6 r =
—0.67 at cheek; Table 3).

Assessment of lip purse

Strong correlations were detected between the subjective
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assessments of the MSB index and the average of the
mathematical measurements of the asymmetry (r = —0.65 for
the upper lip; r = —0.62 for the lower lip; and r = —-0.62 for
the corner of the mouth regions; Table 4).

Assessment of cheek puff

Table 5 shows a general lack of statistically significant
correlations between the clinical MSB7 scores and the
mathematical measurements. We noted some improvement
in facial asymmetry with cheek puff in some cases and
some worsening in others (Figure 4). Statistically significant
correlations were detected between MSB7 and asymmetry
scores at the corner of the mouth (coefficient of correlation
r = —0.52) and MSB7 showed a significant correlation with
asymmetry scores at the cheek region (r = —0.69; Table 5).

Assessment of forehead wrinkling “eyebrow raising”

The correlations between the MSB and the mathematical
measurements of facial asymmetry associated with this ex-
pression were moderate to poor; none was statistically sig-

Table 2. Correlations between Minimum Mathematical Asym-
metry Values in Segmented Facial Regions and MSB Parameters
at Rest Expression.

Correlation with

Index minimum value of

Facial region parameter  mean asymmetries p-Value
in expression

Full face MSB 1 -0.45 0.07

MSB 2 -0.74 0.00

MSB 3 —-0.60 0.01
Forehead MSB 1 -0.48 0.05
Eyes MSB 1 -0.42 0.10
Cheek MSB 2 -0.76 0.00
Nasolabial MSB 2 -0.76 0.00
Upper lip MSB 3 —-0.69 0.00
Lower lip MSB 3 -0.47 0.06
Chin MSB 3 -0.47 0.06
Corner of mouth MSB 3 —-0.60 0.01

nificant (Table 6).

Figure 3. Maximum smile. Various patterns of the dynamics of

facial asymmetry with the maximum smile of the unilateral facial
palsy.

Table 3. Correlations between Mean and Median Mathematical Asymmetry Values and

MSB Parameters of Smile.

Facial region Index qurelation p-Value C.orrelati_on p-Value
parameter with mean with median
Full face MSB 6 —-0.66 0.00 —-0.66 0.00
Cheek MSB 6 -0.67 0.00 -0.67 0.00
Nasolabial MSB 6 —-0.64 0.00 —-0.64 0.00
Upper lip MSB 6 -0.66 0.00 -0.67 0.00
Lower lip MSB 6 -0.61 0.01 -0.61 0.01
Chin MSB 6 -0.59 0.01 -0.59 0.01
Corner of mouth MSB 6 -0.60 0.01 -0.61 0.01
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Table 4. Correlations between Mean and Median Mathematical Asymmetry Values and

MSB Parameters during Lip Purse at Segmented Facial Regions.

Facial region Index qurelation p-Value C.orrelatif)n p-Value
parameter with mean with median
Full face MSB 8 -0.52 0.03 —-0.50 0.04
Cheek MSB 8 —-0.52 0.04 -0.49 0.05
Nasolabial MSB 8 —0.45 0.07 -0.43 0.09
Upper lip MSB 8 —0.65 0.00 -0.61 0.01
Lower lip MSB 8 -0.62 0.01 —-0.60 0.01
Chin MSB 8 -0.43 0.09 —-0.46 0.07
Corner of mouth MSB 8 -0.62 0.01 —-0.60 0.01

Table 5. Correlations between Mean and Median Mathematical Asymmetry Values and

MSB Parameters of Cheek Puff in Segmented Facial Regions.

Facial region [ndex Cgrrelation p-Value C'orrelati.on p-Value
parameter with mean with median

Full face MSB 7 -0.44 0.08 —0.48 0.05
Cheek MSB 7 -0.69 0.00 —0.67 0.00
Nasolabial MSB 7 -0.41 0.11 —-0.46 0.07
Upper lip MSB 7 -0.38 0.14 —-0.40 0.12
Lower lip MSB 7 -0.43 0.10 —0.48 0.05
Chin MSB 7 -0.37 0.15 -0.36 0.17
Corner of mouth MSB 7 -0.52 0.03 -0.58 0.01

Discussion

Assessment of eye closure

The correlations between the MSB and the mathematical
measurements of facial asymmetry associated with eye clo-
sure were moderate, except that with the forehead asymme-
try (MSBS5 r = —0.67; Table 7).

Figure 5 illustrates the color map of the facial movements
of facial expressions of each of the five key frames of one
of the patients included in this study. The facial movements
of the 7000 points of the conformed mesh were tracked
throughout the five key frames: at rest; the intermediate be-
tween rest and the maximum expression; the maximum ex-
pression; the intermediate between the maximum and the
end of expression. The green color represents no facial
movement and the yellow color represents movements larger
than 8 mm of each of the six expressions.

Figure 6 shows the 3D frame of the maximum muscle
movements of each facial expression. The blue color repre-
sents no muscle movements and the red color represents the
maximum movements of the same case. The mean MSB
grading scores of the seven assessors for this patient were
1.07, 1.42, 1.00, 3.07, 1.00, 3.44, and 2.64, respectively. Ta-
ble 8 shows the Z scores of the asymmetries of all facial ex-
pressions, at the nine predefined anatomical regions of this
patient.
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The mathematical evaluation of distorted facial muscle
movements provides the ground truth for the objective
evaluation of functional deficits”. However, this requires a
sophisticated 4D imaging system to capture facial expres-
sions and the application of various software packages for
3D measurements and statistical analyses™.

Currently, there is no universally accepted grading system
to quantify facial palsy and measure the impact of various
treatment modalities'™”. This is particularly important fol-
lowing surgical facial reanimation for the correction of
asymmetry and deficient or distorted muscle movements.

To maximize the clinical relevance of the analysis, the 3D
facial morphology was divided into anatomical regions, each
representing a group of muscles, to quantify the distortion
of facial expressions in unilateral facial palsy. This enabled
the direct correlation to be assessed between the measured
asymmetry and the subjective grading of the distorted mus-
cle movements due to facial palsy. Kim and Oh" divided
the face into three volumetric proportions, based on four
horizontal lines passing through a set of facial landmarks.

Da Costa et al. used the MSB grading system to assess
parotidectomy-related facial nerve lesions. They removed the
“snarl” expression, performed by the levator labii superioris
and levator labii superioris alaeque nasi muscles, and insert-
ing the “show the lower teeth” expression, performed by the
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Figure 4. Cheek puff. The top images show facial asymmetry at

rest. The bottom images show facial asymmetry at the maximum
expression of cheek puff. The two images on the left show that the
facial asymmetry is worse at maximum cheek puff. The two imag-
es on the right side show that cheek puff improved facial symme-
try.

depressor labii inferioris and depressor anguli oris muscles,
innervated by the marginal mandibular nerve®. There was
no inter-rater evaluation or electromyographic examination.
These limitations were addressed in our study. We evaluated
the mathematical validity of the Sunnybrook grading system,
which we modified, and proved its reproducibility in our
previous publication™.

Codari et al.*”
gional anatomical innervation of the trigeminal nerve. How-

segmented the face according to the re-

ever, the volumetric analysis of horizontal facial sections
does not account for the dissimilarities between the right
and left sides of the face and the division of the face into
hemifacial thirds based on midline anatomical landmarks

may be difficult to identify in severe facial dysmorphol-
47)

ogy".

Two main approaches were considered for the 3D assess-
ment of facial muscle movements: the static and dynamic
methods. Gibelli et al.* applied surface-based analysis to
quantify the shape difference between the facial 3D images
at rest and with various maximum expressions. The main
drawback of the static approach is that the quantification of
asymmetry at the maximum expression does not measure
the dynamics of facial muscle movements throughout the
course of the expression, from the start to the final rest
pose. In our previous study, five key frames of the 180 3D
image sequences recorded during each facial expression
were considered to describe the dynamics of the facial dys-
morphology in unilateral facial palsy’®. This limited the
analysis of facial asymmetry to these key 3D images and fa-
cial morphological characteristics between these were not
measured. In this study, the mathematical asymmetry scores
were derived from the entire 3D image sequence of each ex-
pression.

The correlation between the mathematical measurements
of the Sunnybrook index and the subjective evaluation of fa-
cial palsy has not been fully investigated before. Studies

Table 6. Correlations between Mean and Median Mathematical Asymmetry

Values and MSB Parameters during Eyebrow Raising in Segmented Facial Re-

gions.
Facial Index Correlation Correlation
region parameter  with mean p-Value with median  P7Value
Full face MSB 4 -0.40 0.12 -0.42 0.10
Forehead MSB 4 -0.41 0.11 -0.43 0.09
Eyes MSB 4 -0.40 0.12 -0.42 0.10

Table 7. Correlations between Mean and Median Mathematical Asymmetry

Values and MSB Parameters in Segmented Facial Regions during Eye Closure.

Facial Index Correlation

Correlation

region parameter  with mean p-Value with median  P7Value
Full face MSB 5 -0.52 0.03 -0.51 0.04
Forehead MSB 5 -0.67 0.00 —-0.65 0.00
Eyes MSB 5 -0.60 0.01 -0.58 0.01
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Figure 5. Five key frames of six expressions of the patients included in the study.

were limited to correlation analyses between the subjective
clinical assessments of the index and 2D objective measure-
ments. The correlation with the 3D measurements was based
on a limited number of facial landmarks®™. Measurements
were obtained from nine facial landmarks only, which may
have underrepresented the complexity of facial muscle
movements as the landmark-based analysis does not ade-
quately describe the 3D facial dysmorphology. In previous
studies, facial muscle movements were measured at the
maximum displacement of facial landmarks, which did not
consider the entire dynamics of muscle movements. In our
study, we noted that the maximum facial expression may re-
duce the asymmetric facial appearance, so the analysis
should be based on the entire course of each expression.
This study introduced, for the first time, the assessment of
facial palsy by a panel of expert assessors, based on the
evaluation of 4D video recordings of each facial expression.
We also conducted a sophisticated objective quantification of
the dynamic facial asymmetry to explore the mathematical
validity of the subjective assessment. The level of agreement
between the mathematical measurements and the subjective
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assessments varied among facial expressions. The lack of
significant correlations between the mathematical measure-
ments and subjective assessments was mainly due to the
sample size and the restricted descriptions of some subjec-
tive parameters, which might have limited the clinical grad-
ing of the expert assessors. The descriptors for grading the
eyebrow raising did not fully coincide with the mathematical
representation of facial asymmetry. The grading of face
function during eyebrow wrinkling may have misled the ob-
jective assessment to the forehead region (forehead wrin-
kling) rather than the eyebrow region (eyebrow raising). Fa-
cial expressions took 4-6 seconds, which may be too fast to
subjectively quantify the subtle combination of the reduced
magnitude and directional asymmetric movements of facial
palsy. Kim et al.”” investigated the impact of timing on the
detection and perception of asymmetry of facial muscle
movements. They reported a strong inverse correlation (R =
0.82) between the time delay and the grading of naturalness.
This raised an intriguing question of which facial features
attract the assessor’s attention during the assessment of fa-
cial muscle movements. The possibility that certain features
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rest

Cheek puff

smile

Eye raise

Lip purse

Eye closure

Figure 6. The maximum expression 3D frame of each facial expression. The blue color represents no muscle movement

and the red color represents the maximum movement of the same case.

Table 8. Average Facial Asymmetry Measurements of One Patient Included in This Study.

Full face  Forehead Eyes Nose Cheek Nasolabial Upperlip Lowerlip Chin
Rest 5.83 8.90 4.06  3.01 4.09 4.55 5.83 8.90 4.06
Smile 1.15 1.02 0.81  0.00 1.03 0.53 1.15 1.02 0.81
Cheek puff 271 2.11 134 1.04 4.28 491 2717 2.11 1.34
Lip purse 0.08 2.81 1.90  0.08 1.57 1.45 0.08 2.81 1.90
Eyebrow raise 4.79 7.28 252 2.05 5.14 3.88 4.79 7.28 2.52
Eye closure 3.46 7.10 378 233 292 3.10 3.46 7.10 3.78

of facial asymmetry predominate the decision-making proc-
ess of grading the asymmetry of muscle movements cannot
be ruled out. On the other hand, minor subtle asymmetries,
which are readily measurable mathematically, may not be
noticed during routine subjective assessments of facial mus-
cle movements. Hence, different facial aesthetic units pos-
sess a specific threshold of perception™.

Poor correlations were noted between the mathematical
measurements and the objective assessments around the eye
region and cheek. The limited correlation between the MSB
and the clinical grading of asymmetry of cheek puff could
be attributed to the diverse forms of dynamic dysmorphol-
ogy among the cases in our study. Interestingly, the dynamic
movements of the cheek during puffing reduced the facial
asymmetry, which was noted at the rest expression, as dem-
onstrated in Figure 4.

The objective quantification of facial dysmorphology pro-
vides an accurate measurement of asymmetry at individual
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facial regions, which underpins the contribution of each
group of facial muscles to the measured asymmetry. The
mathematical assessment of the dynamics of facial expres-
sions provided further insights into the pattern of facial dys-
morphology in unilateral facial palsy. This is particularly im-
portant for the evaluation of the impact of surgical rehabili-
tation and the longitudinal monitoring of facial palsy. This is
particularly important to evaluate the improvement in muscle
movement following the free muscle flaps for facial reani-
. The accuracy in predicting the required volume of
the muscle transfer to the facial region is limited because of
the limited validity of objective measurement tools™.

We would like to highlight that the magnitude, speed, and
direction of the asymmetry of the nonverbal expressions
were not measured in this study. A larger sample size and
the inclusion of patients of diverse ethnic backgrounds
would be highly recommended. The application of auto-
mated landmarking™™”, and artificial intelligence to develop

mation
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an app-based grading of facial muscle movements that could
be validated against clinical scores is highly desirable™. The
development of a more comprehensive grading system of fa-
cial muscle movements that provides clinicians with detailed
descriptors to quantify muscular dysfunction, including the
directionality of asymmetry, should be considered in future
studies.

Conclusion

The MSB index proved reproducible and mathematically
valid for the grading of unilateral facial paralysis in most fa-
cial expressions. The mathematical validity of the MSB
grading index for the assessment of facial dysmorphology
during cheek puff and forceful eye closure was limited. Fu-
ture studies may consider the development of a more com-
prehensive grading system of facial paralysis.
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