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Introduction

Facial paralysis (FP) is a complex condition that may result in minor facial disfigurement to severe
asymmetry. The ideal evaluation of FP must be convenient for clinical use, include static and dynamic
measures, evaluate synkinesis, and must be reproducible with low inter- and intraobserver variability.
Several systems have met these criteria to assess different aspects of symmetry and synkinesis in both static
and dynamic motion.1,2 However, most require significant clinical expertise, have inherent subjectivity, and
use static images for analysis.3
In this study we sought to address an important clinical dilemma that providers face when comparing
measured outcomes from different FP centers. We hypothesize that a facial landmarks-based assessment
system will more accurately, and reproducibly, measure the degree and severity of FP than other
measurement systems or an expert surgeon's subjective evaluation.
Methods

This study was approved by the IRB of Keck School of Medicine (HS-19-00076). Two data sets were
utilized: (1) the KECK facial palsy data set (KECK data set) and (2) the MEEI facial palsy photo and video
data set (MEEI data set).4 The facial landmarks from the KECK and MEEI data sets were automatically
extracted using the opensource dlib toolkit5 and the MEEI-specific dlib model, respectively.3 These
landmarks were used to derive the differences of the left–right (L-R) parts of the face for eye opening
symmetry ratios, brow elevation, mid-facial symmetry, and oral commissure symmetry. The five
measurements, illustrated in Figure 1, are referred to as the Landmark-based facial asymmetry (L-FAM)
measures (Supplementary Video S1).

Fig. 1. (A)
= topmost point on the nose,
= left topmost point on the eyebrow,
= right topmost point
on the eyebrow. Left or right medial brow elevation angle = angle between
and
or between
and
. Medial brow elevation measure = |left medial brow elevation angle − right medial brow elevation angle|.
(B)
= leftmost point on the right eye,
= rightmost point on the right eyebrow,
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the left eye,
= leftmost point on the left eye. Left or right lateral brow elevation angle = angle between
and
or between
and
. Lateral brow elevation measure = |left lateral brow elevation angle − right
lateral brow elevation angle|. (C)
= lowermost point on the nose (nosetip).
= intersection point of the
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and the red line from
,
= rightmost point on the lip. Left or right oral
commissure symmetry angle = angle between
and
or between
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. Oral commissure
symmetry measure = |left oral commissure symmetry angle − right oral commissure symmetry angle|. (D)
= center point of the right eye.
= center point of the left eye.
= rightmost point on the lip.
= leftmost
point on the lip. Left or right mid-facial symmetry angle = angle between
and
or between
and
(w.r.t horizontal). Mid-facial symmetry measure = |left mid-facial symmetry angle − right mid-facial symmetry
angle|. (E) Eye opening ratio =
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between two points in pixels (say
and
). Eye opening symmetry measure = |left eye-opening ratio −
right eye-opening ratio|. Eye opening ratio taken from Soukupová and Cech.7

In total, 77 subjects (Table 1) were evaluated to assess the efficacy of the proposed L-FAM measures.
Sixteen eFACE scores with static, dynamic, and synkinesis parameters for all the subjects were rated
independently by three clinical experts (T.T., C.V., and A.K.).6 A linear mixed effects model was used to
predict the average eFACE scores by considering the L-FAM measures, age, and gender as fixed effects and
subject information and eFACE parameters as random effects. Spearman rank correlation between the LFAM measures and eFACE scores was also computed.
Table 1. Distribution of patients versus controls for Keck and MEEI1 data sets (Table view)

Patients

Controls

Group differences

Patients

Total
N
Age (mean ± SD)
Female (N)
Male (N)
MEEI data set
N
Age (mean ± SD)
Female (N)
Male (N)
Keck data set
N
Age (mean ± SD)
Female (N)
Male (N)

Controls

Statistic
Group differences

p

dof

Statistic

p

dof

57
48.2 ± 16.0
35 (61.4%)
22 (38.6%)

20
42.8 ± 17.8
11 (55.0%)
9 (45%)

402.5 (u-statistic)
0.06 (chi-squared-statistic)

0.03
0.81

—
1

50
48.0 ± 16.0
29 (58%)
21 (42%)

10
43.2 ± 22.5
5 (50%)
5 (50%)

176 (u-statistic)
0.01 (chi-squared-statistic)

0.07
0.9

1

7
49.3 ± 18.6
6 (85.7%)
1 (14.3%)

10
42.4 ± 12.7
6 (60%)
4 (40%)

22 (u-statistic)
0.3 (chi-squared -statistic)

0.11
0.54

1

SD, standard deviation.

Results

The linear mixed effects model showed substantial explanatory power with a conditional R2 = 0.29. Using a
mixed effects model, within L-FAM, the effect of eye opening symmetry (β = −134.28, 95% confidence
interval; CI [−181.81 to −86.75], t(1205) = −5.54, p < 0.001), oral commissure symmetry (β = −1.17, 95% CI
[−1.50 to −0.85], t(1205) = −6.99, p < 0.001), and medial brow elevation measures (β = −1.97, 95% CI
[−2.72 to −1.22], t(1205) = −5.14, p < 0.001) is statistically significant and negative (i.e., the measures
decrease with increasing average eFACE scores).
Spearman rank correlation between the L-FAM and eFACE found that eye opening symmetry has a
significant negative correlation (−0.56, p < 0.01/16) with eFACE for gentle eye closure. Medial and lateral
brow elevation also showed significantly strong correlations with eFACE for brow raise (−0.65, p < 0.01/16,
(−0.58, p < 0.01/16, respectively). L-FAM oral commissure symmetry measures correlated with smile-related
eFACE parameters (nasolabial orientation with smile [−0.55, p < 0.01/16] and oral commissure elevation
with smile [−0.655, p < 0.01/16]).
Discussion

Several new tools are available to better measure facial asymmetry.1–3,6 However, none accurately perform
objective evaluations of dynamic movement. The L-FAM system provides a promising step forward for
automated analysis of facial asymmetry in true dynamic motion. Further studies are needed to expand this
analysis to synkinesis, candid movement, and emotional expression so that FP surgeons can more easily
compare measured outcomes between different FP centers and reduce the reliance on subjective evaluations.
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