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Abstract

Background: Oral-ocular synkinesis is a frequent sequela of idiopathic facial paralysis (IFP), yet objective,
dynamic methods to quantify associated palpebral fissure changes remain limited.

Objective: To objectively measure palpebral changes in IFP using automated facial tracking.

Design Type: Case-control.

Methods: A novel, video-based facial tracking software assessed facial expressions in 12 controls and 30
IFP cases with synkinesis at least 12 months from onset of IFP. Palpebral fissure dimensions were meas-
ured at rest and during smile, laugh, and pucker. Bilateral differences across expressions were analyzed
using Wilcoxon signed-rank, Kruskal-Wallis, and linear regression.

Results: Puckering showed the greatest asymmetry (p < 0.001), with a 30.0% reduction in palpebral fis-
sure size on the paralyzed side versus 21.6% on the non-paralyzed side, compared to a 1.7% reduction
in controls. No significant differences were observed between paralyzed and non-paralyzed sides during
rest-to-smile or rest-to-laugh expressions. Dynamic modeling found that puckering elicited the fastest
and largest decline in palpebral fissure symmetry (slope = —0.196; standard error: 0.011; p < 0.001).
Paralysis duration following 12 months had no significant effect on palpebral fissure changes.
Conclusion: Dynamic facial tracking effectively quantifies expression-specific disruptions in oral-ocular
coordination in IFP, particularly during puckering, offering objective data to support treatment planning
and patient counseling.

Introduction

Idiopathic facial paralysis (IFP) is an acute, unilateral facial
nerve disorder affecting ~ 1 in 60-70 individuals over a
lifetime.! While most patients recover, up to 30% develop
persistent complications, most notably oral-ocular synkine-
sis, a phenomenon in which voluntary oral movements
trigger involuntary eye closure.””> Although commonly rec-
ognized, the dynamics of synkinesis remain poorly quanti-
fied.® The pathophysiology of synkinesis is thought to
involve aberrant facial nerve regeneration, leading to the

involuntary coupling of facial movements.”” However,
alternative explanations for synkinesis, such as facial
nuclear hyperexcitability have been proposed due to the pre-
dictability and timing of synkinetic patterns.*'*"'? Synkine-
sis imposes significant functional and psychosocial burdens,
often due to its conspicuous and involuntary nature.”"
Palpebral fissure measurements have long served as an
objective metric in facial paralysis research, providing
insight into both functional and aesthetic outcomes.® 13
However, prior studies largely relied on static photography
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KEY POINTS

Question: Can facial tracking technology (DynaFace) help
analyze and quantify synkinetic eyelid movement in people
with idiopathic facial paralysis (IFP)?

Findings: DynaFace reliably quantified and analyzed the tem-
poral pattern of palpebral fissure changes (corneal surface
coverage) in oral-ocular synkinesis. Individuals with IFP show
greater involuntary eye narrowing during puckering, which
can be objectively assessed using dynamic facial analysis.

Meaning: This approach may offer a more consistent way to
evaluate facial nerve recovery and personalized treatment
strategies for patients with IFP.

or subjective grading systems (e.g., House-Brackmann,
Sunnybrook), which fail to capture dynamic, expression-
dependent eyelid behavior.'®** While these approaches
are useful for overall assessment, they lack quantitative and
temporal details of how oral movement uniquely impacts
palpebral fissure dynamics in oral-ocular synkinesis.

Recent advances in computer vision and artificial intel-
ligence (AI) enable reliable, real-time tracking of subtle
facial dynamics. To address the limitations of traditional
assessments, we developed DynaFace, an open-access,
video-based facial tracking platform. DynaFace integrates
deep convolutional neural networks with adaptive tempo-
ral modeling to capture micro-expressions, rapid move-
ments, and complex spatial-temporal patterns with high
fidelity. Its modular design supports analysis at both the
subunit and whole-face levels, providing automated,
objective measurements such as synkinetic palpebral fis-
sure dynamics.25 By combining convolutional networks
for fine-grained landmark detection with graph attention
regressors that model spatial relationships, DynaFace cap-
tures both local detail and global structure.?®*” Unlike
conventional methods that assume symmetry,”® DynaFace
uses attention mechanisms to identify stable landmarks
across the entire face, enabling accurate tracking even in
asymmetrical conditions like facial paralysis. In doing so,
it delivers precise, quantitative assessments of facial
movement that surpass traditional visual grading.

In this study, we apply DynaFace to a clinically chal-
lenging context: quantifying eyelid motion and oral-
ocular synkinesis in longstanding IFP. This setting,
characterized by subtle, asymmetrical, and temporally
variable movements, tests the system’s ability to resolve
fine-grained trajectories under irregular conditions. Our
goal was to characterize expression-dependent changes in
palpebral fissure and assess dynamics between the para-
lyzed and non-paralyzed sides. We hypothesized that
DynaFace would detect significant asymmetries, support-
ing its role as an objective, reproducible tool for evaluat-
ing synkinesis and informing treatment strategies in facial
paralysis.

Methods

Participant population

We conducted a case-control study of 30 patients with
IFP and synkinesis and 12 healthy controls to assess bilat-
eral palpebral fissure changes during oral movements.
Inclusion required =12 months since IFP onset and clini-
cal evidence of synkinesis. Patients with other facial
nerve disorders or prior surgical interventions such as
myectomy or neurectomy/neurolysis were excluded.
Those with a history of botulinum toxin treatment were
eligible only if 23 months had elapsed since their last
injection. The 12 healthy controls were included to pro-
vide baseline palpebral fissure changes for comparison
with paralyzed and non-paralyzed hemifaces.

DynaFace

This study represents the first clinical application of
DynaFace for objective facial movement analysis, using
a challenging test case to demonstrate its capabilities and
detail the underlying methodology. DynaFace is an
open-access, Al-driven facial landmark tracking system
that employs deep machine learning to enable reproduci-
ble, quantitative assessment of facial dynamics. It identi-
fies 95 standardized landmarks across both hemifaces
(Fig. 1), forming the basis for calculating clinically rele-
vant movement metrics.

DynaFace integrates two neural network models.
The first, SPIGA (Shape Preserving Inference of Graph
Attention networks), is a cascade graph attention net-
work that preserves local and global facial geometry
while correcting for head pose variation (pitch, roll,
and yaw) by projecting three-dimensional coordinates
onto a two-dimensional image space.?’” The second,
FaceNet, is a deep convolutional embedding network
that provides robust facial alignment, previously validated
on large-scale facial recognition databases for accuracy
and stability.”® Together, these networks extract fine-
grained landmarks, irrespective of pose, that remain reli-
able in asymmetrical or pathological faces.

From these landmarks, DynaFace quantifies several
clinically relevant features, including bilateral oral com-
missure excursion, palpebral fissure area, brow elevation,
dental show area, and the Facial Asymmetry Index (FAI),
defined as the linear distance between the oral commis-
sure and medial canthus on each side. Surface area esti-
mates are derived from two-dimensional projections
using the shoelace algorithm, with pixel distances scaled
to millimeters based on a standardized interpupillary dis-
tance of 63 mm. Pixel-based area calculations were cross-
validated against Adobe Photoshop measurements to
ensure geometric accuracy. To confirm robustness in clin-
ical settings, landmark placement was manually reviewed
in 30 symmetric and 30 asymmetrical faces, validating
both precision and reliability in cases of facial paralysis
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Fig. 1.

DynaFace Landmarks. DynaFace is a facial landmark tracking system that uses 95 standardized
points to capture facial movement across both hemifaces. Landmarks span key regions including the
brows, eyes, nose, cheeks, mouth, and jaw. Movements are measured by tracking changes from rest,
allowing objective analysis of facial expression and symmetry.

and other etiologies of facial asymmetry. As such, Dyna-
Face offers a reproducible, scalable platform for objective
facial movement analysis and capturing clinically relevant
changes in facial function.

Study procedures

After obtaining consent, participants underwent standar-
dized video recording of facial expressions. Using Dyna-
Face, a novel facial tracking software (pre-release version
available at https://github.com/jeffheaton/dynaface), we
recorded dynamic facial movements transitioning from
rest to three volitional expressions: smile, laugh, and
pucker. Participants were given standardized verbal
instructions with brief pauses between commands to com-
plete each movement. To reduce ambiguity and variabil-
ity, expressions were explicitly defined: for the smile,
participants were instructed, “Please smile like you’re
posing for a picture”; for the laugh, “Give a big laugh as
if you’re laughing at a joke.” As the goal of the project is

to study oral-ocular synkinesis, we used these cues to
emphasize intentional oral movements to best capture
resulting palpebral fissure dynamics.

As such, this study focused specifically on changes in
palpebral fissure dimensions during elicited oral move-
ments in patients with synkinesis. We used DynaFace to
quantify these palpebral changes through automated
tracking of ocular landmarks (see Supplementary Video
for example and plotting of palpebral fissure ratio). Meas-
urements were recorded in square millimeters (mm?),
with percent changes calculated from resting baseline val-
ues. For IFP patients, both paralyzed and non-paralyzed
sides were analyzed to assess asymmetry. This study was
reviewed and approved by the Johns Hopkins Medicine
Institutional Review Board (IRB00422662).

Outcomes of interest
Palpebral fissure changes were evaluated using both static
and dynamic analyses. For static analysis, DynaFace
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quantified fissure area at rest and at peak expression for
smile, laugh, and pucker. Percent changes from rest to
maximal expression were calculated, and median values
with interquartile ranges (IQRs) were compared between
paralyzed and non-paralyzed hemifaces. In controls, right
and left sides were similarly assessed.

Dynamic analysis involved frame-by-frame tracking
of palpebral fissure dimensions across the full expression
sequence (approximately 30 frames per second). Tempo-
ral plots were generated to visualize changes over time.
In patients, the ratio of paralyzed to non-paralyzed palpe-
bral fissure was computed across frames to evaluate evolv-
ing asymmetry. In controls, right-to-left eye ratios assessed
normal bilateral coordination. The frame immediately pre-
ceding facial movement was defined as ¢ = 0, establishing
the resting baseline for subsequent comparisons.

Statistical analysis

Summary statistics and Wilcoxon signed-rank tests were
used in cases to compare the dimensions of the paralyzed
and non-paralyzed palpebral fissures at rest and during
smile, laugh, and pucker. Kruskal-Wallis tests were
employed to evaluate the differences across facial
expressions of palpebral fissure measurements from rest
to peak expression in controls and in paralyzed and non-
paralyzed hemifaces in cases. Univariate linear regres-
sion assessed whether the duration of facial paralysis
influenced hemifacial changes in palpebral fissure areas
from rest. To assess dynamic asymmetry, linear regression
was used to calculate the slope, SE, and significance of
the palpebral fissure ratio (paralyzed/non-paralyzed) over
time for each expression. Statistical significance was set at
p <0.05. All analyses were conducted in R (version 4.4.0,
R Core Team, 2024).

Results

Study population

The IFP group (n = 30) had a median age of 51 years
(IQR: 47-58). For sex, 23.1% were male, and 76.9%
were female. All IFP patients had completed their acute
recovery period and demonstrated evidence of synkine-
sis. The median duration of paralysis was 24.5 months
(IQR: 16.6-34.8).

Palpebral fissure assessment

Palpebral fissure areas were assessed using DynaFace at
rest and during smile, laugh, and pucker expressions. At
rest, both sides were similar: non-paralyzed (median
190 mm?, IQR: 179-230) and paralyzed (190 mm?, IQR:
172-211). During smile, the non-paralyzed side measured
149 mm* (IQR: 113-184) versus 134 mm* (IQR: 112~
164) on the paralyzed side. For laugh, values were
128 mm? (IQR: 88.8-155) and 102 mm? (IQR: 73.4-141),

respectively. Pucker showed the greatest difference:
non-paralyzed 171 mm? (IQR: 142-208) versus para-
lyzed 132 mm?® (IQR: 115-157).

Comparison of IFP hemifaces

Statistical analysis using Wilcoxon signed-rank revealed
no significant difference in palpebral fissure area between
the paralyzed and non-paralyzed sides during positions at
rest (median difference: 0.21 mm?; p =0.085). However,
significant asymmetries were observed at peak expression
during smiling (14.96 mm?* p = 0.018), laughing
(25.54 mm?; p =0.0077) and puckering (39.16 mm?; p=
0.0028), with the paralyzed side reduced compared to the
non-paralyzed hemiface (Fig. 2).

Dimensions compared to resting baseline

Analysis of palpebral fissure changes from rest to peak
expression during smile, laugh, and pucker revealed
the greatest asymmetry during puckering (Fig. 3). The
paralyzed side had a median reduction of 30.0% (IQR:
—37.5%, —21.6%), significantly greater than the non-
paralyzed side (21.6%, IQR: —=27.7%, —=3.3%) and con-
trols (1.7%, IQR: —12.6%, 4.7%; p < 0.001). During
smiling, reductions were found across all groups:
median 27.1% (paralyzed, IQR: -43.4% to -16.9%),
22.5% (non-paralyzed, IQR: -33.4% to -16.7%), and
23.2% (controls, IQR: -26.3% to -9.2%; p = 0.09).
Laughing elicited large reductions across all groups:
43.3% (paralyzed, IQR: -58.3% to -34.5%), 37.2%
(non-paralyzed, IQR: -47.5% to -26.3%), and 38.6%
(controls, IQR: -56.4% to -22.5%), without significant
group differences (p = 0.22).

Assessing paralysis duration

Duration was not significantly associated with percent
change in palpebral fissure area for any expression or side
(Table 1). For the paralyzed hemiface, estimated effects of
duration ranged from —0.014 £ (SE) 0.032 (smile; p = 0.66)
to 0.032 + 0.034 (laugh; p = 0.36). Similarly, for the non-
paralyzed side, coefficients ranged from —0.040 + 0.033
(smile; p = 0.24) to 0.007 £ 0.033 (pucker; p = 0.84).

Temporal expression dynamics of palpebral fissure
ratios in IFP and controls

Temporal analysis of palpebral fissure ratios of the right
and left eyes reveals that in the control group, ratios
remained around 1.0 across all expressions, exhibiting
minimal variation and asymmetry over time (Fig. 4). In
contrast, the IFP group demonstrated distinct temporal
patterns in the paralyzed/non-paralyzed palpebral fissure
ratio.
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Fig. 2. Median and Distribution of Palpebral Fissures Across Facial Expressions. Medians (in mm?)
between paralyzed and non-paralyzed sides in idiopathic facial paralysis (IFP) patients during rest, smile,
laugh, and pucker expressions. Boxplots represent value distribution. Statistically significant asymmetry
was observed during smile, laugh and pucker expressions (p = 0.018, 0.0077, and p = 0.0028, respec-
tively), while differences during rest were not significant. Data derived from Wilcoxon signed-rank tests.
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For the laugh expression, which had the greatest over-
all reduction in palpebral fissure dimensions (43.3% in
the paralyzed eye, 37.2% in the non-paralyzed eye,
38.6% in controls), linear modeling revealed a statisti-
cally significant decline in palpebral fissure symmetry
over time for IFP cases (slope = —0.060, SE = 0.009, p <
0.001). The pucker expression, which showed a signifi-
cant static asymmetry between sides, exhibited the most
rapid temporal decline, with the ratio beginning to
decrease almost immediately and reaching a minimum of

0.73. This was reflected in the steepest slope (slope =
—0.196, SE = 0.011, p < 0.001). The smile expression
followed an intermediate pattern, with a steady decline
over time and a minimum ratio of 0.80. Although smile
did not show a statistically significant overall reduction
between hemifaces from rest (27.1% vs. 22.5%) or com-
pared with controls (23.2%, p = 0.09), the temporal trend
revealed progressive asymmetry (slope = —0.109, SE =
0.008, p < 0.001) (Fig. 4). This trend was consistent with
the significant hemiface difference observed at peak
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Fig. 3. Percent Change in Palpebral Fissure Dimensions from Rest Across Facial Expressions. Median
percent changes (IQR indicated by error bars) in palpebral fissure area from resting state to peak expres-
sion during smile, laugh, and pucker expressions for controls, the paralyzed side, and the non-paralyzed
side in idiopathic facial paralysis (IFP) patients. The greatest asymmetry occurred during pucker, with the
paralyzed side showing a significantly larger reduction than both the non-paralyzed side and controls

(p < 0.001). No significant group differences were observed during smile or laugh expressions. P-values
reflect Kruskal-Wallis comparisons across groups for each expression.

smile, where the paralyzed and non-paralyzed palpebral
fissures differed by a median of 14.96 mm?> (p=0.018).

Discussion
This study provides an objective, dynamic evaluation of

DynaFace, a novel video-based Al tool for automated
facial landmark tracking. By quantifying temporal
changes in palpebral fissure aperture during elicited oral
movements, we identified movement-specific patterns of
oral-ocular coordination in patients with IFP compared to

oral-ocular synkinesis in longstanding IFP using healthy controls.

Table 1. Impact of paralysis duration on palpebral fissure changes in IFP patients

Expression Duration on paralyzed hemiface p value Duration on Non-Paralyzed hemiface p value
Smile —0.014 £0.032 0.66 —0.040 £0.033 0.24
Laugh 0.032 +0.034 0.36 —0.031£0.035 0.39
Pucker 0.005 £ 0.031 0.89 0.007 +£ 0.033 0.84

Estimates (tstandard error) from univariate linear regression models on palpebral fissure area of both paralyzed and non-paralyzed sides in idiopathic
facial paralysis (IFP) patients across smile, laugh, and pucker expressions. Models assess the independent effect of duration on palpebral fissure measure-
ments. No significant estimates were found.
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Fig. 4. Temporal Dynamics of Palpebral Fissure Ratios in Controls and Idiopathic Facial Paralysis (IFP)
Cases. LOESS (Locally Estimated Scatterplot Smoothing) curves depict the palpebral fissure area ratio
(paralyzed to non-paralyzed side) over time during smile, laugh, and pucker expressions. In controls (left
panel), ratios remain stable near 1.0, reflecting minimal asymmetry. In contrast, IFP cases (right panel)
demonstrate distinct expression-dependent declines in symmetry. Linear regression models were fitted to
quantify the rate of change over time. Puckering showed the steepest and most rapid decline (slope =
—0.196, SE = 0.011, p < 0.001). Smiling showed a moderate decline (slope = —0.109, 95% Cl: SE = 0.008,

p < 0.001), and laughing revealed the most gradual slope (slope = —0.060, SE = 0.009, p < 0.001).

Smile
—— Laugh

=== Pucker

Time (s)

In normal individuals, eyelid aperture changes subtly
during smiling, laughing, and puckering, reflecting physio-
logical neuromuscular coupling.29_31 In patients recovering
from IFP (=12 months post-onset), these couplings can
become distorted, producing synkinetic orbicularis oculi
activation during non-ocular tasks.>* While eyelid aper-
ture was symmetric at rest in both patients and controls,
dynamic facial expressions—particularly puckering—
revealed marked inter-eye asymmetry in patients with IFP.

In our cohort, asymmetrical eyelid narrowing was
detected during all three oral expressions studied, but
only puckering produced a statistically significant reduc-
tion on the affected side. This stronger association likely
reflects coordinated neuromuscular control of the orbicu-
laris oris and orbicularis oculi at the level of the facial
motor nucleus. Consistent with this, Ogawara et al.
reported that botulinum toxin injection into the orbicularis
oculi not only alleviated ocular spasms but also reduced
orbicularis oris hyperactivity in patients with hemifacial
spasm, supporting the presence of central coupling within
the facial nucleus.*? Because puckering requires sus-
tained, high-intensity activation solely of the orbicularis
oris, it likely delivers the strongest drive to this shared

circuitry, producing more pronounced involuntary eyelid
closure than smiling or laughing.**~** Clinically, puckering
therefore emerges as a sensitive “stress test” for oral-ocular
synkinesis, useful for detecting subtle cases, guiding
treatment, and tracking response to interventions such
as botulinum toxin, neuromuscular retraining, or selec-
tive myectomy and neurolysis. Incorporating it into
standardized facial assessments could improve diagnostic
accuracy and provide a reliable outcome measure.

A key strength of DynaFace is its ability to track pal-
pebral fissure aperture continuously throughout an
expression, capturing the full temporal profile of eyelid
movement rather than reducing observations to a single
static score. This objective, dynamic measurement quan-
tifies synkinesis as a time-dependent variable, revealing
subtle or transient changes that conventional grading
often overlooks. In controls, eyelid symmetry (inter-eye
ratio ~ 1.0) was stable across expressions. In idiopathic
facial paralysis (IFP), however, asymmetries were
expression-specific: puckering induced the steepest and
most rapid decline in symmetry, smiling produced an
intermediate response, and laughing a more delayed yet
still cumulative reduction in hemifacial symmetry. These
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findings suggest that characterizing both the magnitude
and timing of asymmetry may allow clinicians to moni-
tor severity, track treatment effects, and tailor therapy
over time.

The temporal dimension adds nuance beyond magni-
tude alone. The rapid onset of asymmetry during pucker-
ing suggests strong, immediate co-activation of orbicularis
oculi with orbicularis oris, supporting puckering as a sen-
sitive stress test for oral-ocular coupling. By contrast, the
delayed asymmetry during laughing likely reflects recruit-
ment of broader muscle groups, producing less immediate
but cumulative eyelid narrowing.3'5 Clinically, differentiat-
ing when synkinesis emerges may refine diagnostics and
guide targeted retraining; early-onset puckering asymme-
try may warrant focused control of sphincteric muscles,
while gradual changes during laughing may require
broader coordination training across multiple facial muscle
groups.

Interestingly, in this cohort—all with 212 months of
IFP—the severity of oral-ocular synkinesis did not corre-
late with duration, suggesting that once established, its
manifestation reflects intrinsic neural reorganization
rather than progressive exacerbation. While synkinesis
is often attributed to misdirected axonal regeneration,
our expression-specific findings implicate more proxi-
mal changes within the facial motor network. Neuro-
physiological studies support this multifactorial model:
chronic injury may lead to persistent demyelination,
remodeling of the Nodes of Ranvier, and altered ion
channel distribution, lowering thresholds and predispos-
ing to hyperexcitability.***® These changes facilitate
ephaptic transmission, or abnormal cross-talk between
axons, and strengthen aberrant coupling between the orbi-
cularis oris and orbicularis oculi, consistent with the
expression-specific dynamics observed here.**® Such
central and proximal alterations likely manifest as stable,
expression-specific, and non-random patterns of synkine-
sis, reinforcing the importance of early recognition and
intervention before maladaptive circuits become fixed.

This study also introduces DynaFace as a next-
generation platform for facial analysis. By integrating
deep machine-learning-based landmark detection with
high-resolution temporal tracking of 95 landmarks, it
provides sub-millimeter precision, reproducible outputs,
and individualized movement profiles, offering a level of
granularity and reproducibility not achievable with con-
ventional grading systems. Unlike static photographs,
DynaFace captures the full sequence of movement, gen-
erating time-series data from onset through peak to reso-
lution, reducing the variability inherent in visual grading.
The present findings, particularly the expression-specific,
time-dependent asymmetries observed during puckering,
smiling, and laughing, highlight the nuanced facial
dynamics that DynaFace is built to detect, quantify, and

track over time. Because outputs are numeric and repro-
ducible, they can objectively monitor changes across vis-
its, for example, reductions in slope or amplitude of
eyelid asymmetry after botulinum toxin injection, neuro-
muscular retraining, or surgery.

The ability to generate expression-specific synkinesis
signatures allows clinicians to identify each patient’s
most vulnerable movement patterns, tailor rehabilitation
exercises accordingly, and track progress in specific
functional deficits. These strengths align with emerging
literature showing that Al-based facial landmark detec-
tion achieves high accuracy even in post-paralysis mor-
phologies;*’~*° DynaFace extends this capability into the
temporal domain, where synkinesis is best expressed.

By capturing what moves, by how much, and when,
DynaFace provides a comprehensive, data-driven portrait
of facial function and bridges diagnostic assessment, out-
come measurement, and personalized rehabilitation plan-
ning within a single platform. As demonstrated here, it not
only quantifies the magnitude of oral-ocular synkinesis
but also expression-specific onset and rate—parameters
critical for patient-specific management. We believe
DynaFace represents a next generation of facial analy-
sis, with applications extending beyond facial paralysis
into any field requiring precise, objective characteriza-
tion of facial dynamics.

There are limitations to note: the small sample size
and cross-sectional design constrain generalizability and
preclude evaluation of how synkinetic patterns evolve
over time or in response to treatment. Additionally, while
DynaFace was validated against manual review and geo-
metric benchmarks, further studies across larger, more
diverse cohorts are needed to confirm robustness in var-
ied clinical contexts. Future longitudinal investigations
should track progression, assess demographic influences,
and evaluate treatment effects.

Conclusions

This study highlights the value of dynamic, objective
analysis for characterizing oral-ocular synkinesis in
longstanding IFP. With DynaFace, we identified
expression-specific, time-dependent asymmetries in
palpebral fissure dynamics, most pronounced during
puckering. These findings illuminate the neural cou-
pling between the orbicularis oris and orbicularis oculi
and the functional consequences of synkinesis. Beyond
providing mechanistic insight, DynaFace emerges as a
next-generation platform distinguished by temporal
granularity, quantitative precision, and individualized
movement profiling. Its ability to reproducibly capture
and track synkinetic patterns has direct implications
for surgical planning, targeted rehabilitation, treatment
monitoring, and patient counseling. Future longitudi-
nal work will determine how these metrics evolve with
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therapy, enabling more personalized, data-driven man-
agement of facial nerve disorders.
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