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BACKGROUND

• Vocal fold motions regulate vocalization, respiration, and airway protection

• Vocal fold paralysis (VFP) occurs secondary to recurrent laryngeal nerve insult and 
results in devastating sequelae

• VFP is amenable to nerve repair and nerve transfer1

• Progress in the field of laryngeal reanimation has been hampered by lack of objective 
means for quantification of outcomes

PURPOSE

ALGORITHM PERFORMANCE
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• Algorithm AGA estimations demonstrated a mean absolute difference of 3.72° (SD, 
3.49°) and correlation of 0.97 (P < 0.001) versus expert markings (Fig. 4)

• Adults with unilateral VFP demonstrated lower mean maximum AGA in comparison 
to healthy controls (48.79° ± 9.89° vs. 61.26° ± 12.04°, P < 0.001)

• Maximum opening angle less than 58.26° predicted unilateral VFP with a sensitivity of 
0.75 and specificity of 0.85 (area under receiver operating characteristic curve, 0.785; 
95% CI, [0.636 – 0.934]; P = 0.02) (Fig. 5)

• Flexible videolaryngoscopy from adult 
patients with normal vocal fold 
movements (N = 20) and unilateral 
VFP (N = 20) were employed

• A computer vision algorithm was 
trained to localize landmarks along 
vocal fold free edges using an open-
source deep learning toolbox 
(DeepLabCut)2 (Fig. 1)
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ALGORITHM DEVELOPMENT

ALGORITHM DEVELOPMENT

• To develop and validate an open-access software tool for automated quantitative 
assessment of vocal fold dynamics from clinical videoendoscopy

• The anterior glottic angle (AGA) was defined 
as the angle of divergence of lines fitted to 
landmark points along right and left vocal 
fold free edges (Fig. 2)

• Beyond annotated video, the software 
outputs the time series of AGA (Fig. 3)

• Performance was validated against expert 
manual markings on 224 frames

• Secondary Python code was written for automated frame-wise estimation of the 
angle formed by the vocal cords at the anterior commissure, using landmarks points 
provided by the trained deep neural network

CONCLUSIONS

• A user-friendly open-source software package for automated frame-wise 
quantification of laryngeal movements is characterized

• This tool may prove useful for diagnosis and outcomes tracking in the field of 
laryngeal reanimation
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Figure 1. Automated localization of landmark points along vocal fold
free edges by the deep learning algorithm.

Figure 2. Lines automatically plotted along vocal fold free 
edges; their angle of divergence is the AGA (red 
numerals).

Figure 3. The time series of the AGA is automatically output by the 
software, along with maxima and minima.

Folds sufficiently 
visualized 

Folds insufficiently 
visualized

Total

Algorithm outputs 
a glottic angle

160 0 160

Algorithm outputs 
null result 

18 46 64

Total 178 46 224

Table 1. Algorithm performance in identifying frames where vocal 
folds are adequately visualized for estimating the AGA.

ALGORITHM PERFORMANCE

• The algorithm showed a sensitivity of 
89.89%, specificity of 100%, positive 
predictive value of 100%, and negative 
predictive value of 71.86% in identifying 
frames where vocal folds were sufficiently 
visualized for estimation of the AGA 
(Table 1)

Figure 4. Bland-Altman analysis of human and algorithm AGA estimates 
on test frames. A mean difference of -1.96° (blue dotted line) is 
demonstrated (mean absolute difference, 3.72°), without trend in 
measurement error across the range of assessed angles. 

Figure 4. Receiver operating characteristic curve of 
the diagnostic performance of algorithm-estimated 
maximum AGA in differentiating unilateral VFP 
from normal vocal fold movements
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