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Abstract - In this study, a diagnostic algorithm that can automatically estimate the severity of dysphagia by using 94 video 
fluoroscopic swallowing videos from severe and mild dysphagic patientsis proposed.Fourteen features were selected 
according to the results of intuitive difference investigation between two patient groups and the extracted features were 
applied to a support vector machine with linear kernel function. Investigation results showed that the selection of appropriate 
intuitive differences could result in higher classification accuracy. 
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I. INTRODUCTION 
 
Several muscles and neurons are linked to the 
swallowing process. Inflammation, stenosis or tumor 
on the swallowing-related muscles or neurons can 
induce swallowing disorder, named dysphagia [1,2]. 
Dysphagic patients feel pain during swallowing and 
chronic dysphagia can induce psychological problems 
such as loss of self-confidence and depression, as 
well as physical problems such as pneumonia and 
poor nutrition [3,4]. Generally, treatment protocol for 
individual dysphagic patient is carefully adjusted 
according to the severity of the disease; therefore, it is 
important to early detect the degree of disease and 
give appropriate medical treatment according to the 
status of the dysphagic patient. 
 
Several parameters, such as American Speech-
Language-Hearing Association (ASHA) level [5], 
videofluoroscopic dysphagia scale (VDS score), and 
clinical dysphagia scale (CDS score), are clinically 
utilized to represent the degree of dysphagia 
quantitatively. However, to calculate these 
parameters, various investigation protocols, such as 
video-fluorospic swallowing study (VFSS) [6], 
thoracic X-ray investigation, manometry 
investigation, residue investigation, and aspiration 
investigation, are required, which induce several 
problems, such as patient inconvenience, temporal 
and financial burden of the patient, overload of the 
clinician, and inter-variability between clinicians 
[7,8]. To overcome those problems and improve the 
quality of treatment, it is necessary to simplify the 
diagnostic processes required for the detection of the 
severity of the dysphagia.  
 
In this study, a diagnostic algorithm that can 
automatically estimate the severity of dysphagia by 

using swallowing images acquired from VFSS 
process was proposed.  

1.  
2. II. DETAILS EXPERIMENTAL  

 
2.1. Used images 
This study was approved by the Institutional Review 
Board (IRB) of the Seoul National University 
Bundang Hospital to acquire VFSS images for 
development, training, and evaluation of the 
implemented dysphagia severity classifier. From the 
hospital database, 94 VFSS images that satisfied the 
following three conditions were selected: 1) cause of 
disease was either brain infarction or brain 
hemorrhage; 2) age of patient was over 60 years; and 
3) eating material was plain yogurt.  
 
In this study, severity of the dysphagia was classified 
into two groups based on the ASHA level: 1) mild 
group: ASHA level 4 to 7; and 2) severe group: 
ASHA level 1 to 3, respectively. Table 1 shows the 
characteristics of the VFSS images utilized. 
 

Group 
# of 
images ASHA 

level 
Age 
(Years) 

Sex 
(M/F) IF HM 

Mild 34 13 5.9±1.1 74.0±7.0 21/14 
Severe 32 15 2.3±0.8 71.0±10.6 12/12 

Table 1. Characteristics of the VFSS images utilized in this 
study. IF: infarction; HM: hemorrhage; M: male; F: female; 

 
2.2. Image Analysis  
To analyze the VFSS images and extract required 
features automatically, we utilized a software 
platform that have been developed in our-group’s 
previous study [9].In summary, 1) each swallowing 
video file is loaded to the platform; 2) each frame is 
saved to the separate image file; 3) 2-dimensional 
moving trajectory of the hyoid bone (HB) is extracted 
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for each VFSS video automatically; and 4) steps 1 to 
3 were repeated for 94 VFSS videos selected.  Then, 
two examiners review the hyoid bone trajectory 
curves and tried to find the qualitative differences 
between mild and severe groups.  Found differences 
were as follows: 

 
D1: maximal Euclidian distance between the most 
anterior point in the trajectory (HB max) and an 
arbitrary point in the trajectoryis shorter in the severe 
group than the mild group 
D2: HB moving velocity is generally slower in the 
severe group than the mild group 
D3:  elapsed time for moving up & forward direction 
is longer in the severe group than the mild group 
D4: time interval between the reaching HB max 
position and starting to move down & backward 
direction (transient interval)is longer in the severe 
group than the mild group 
D5: movements of head, neck, and upper body during 
the swallowing of the severe group is more 
remarkable than that of the mild group 
D6: ratio of the transient interval among the total 
swallowing cycle is higher in the severe group than 
the mild group 
D7: horizontal distance between the HB starting point 
and the HB max is shorter in the severe group than 
the mild group 
D8: vertical difference between the HB starting point 
and the HB ending point is smaller in the severe 
group than the mild group 

 
2.3. Feature extraction 
Based on these qualitative differences, 14 features 
were selected and extracted from the HB moving 
trajectory as Table 2. 
 
Feature Description 

maxdis_HBM 

Maximal Euclidian distance 
between the HB max and an 
arbitrary point in the trajectory 
(related to D1) 

avgvel_TOT Average velocity during 1 
swallowing cycle (related to D2) 

maxvel_TOT Maximal velocity during 1 
swallowing cycle (related to D2) 

maxlen_HBM 
Length of moving trajectory 
between the HB starting point 
and the HB max (related to D3) 

avgvel_HBM 
Average velocity between the HB 
starting point and the HB max 
(related to D3) 

avgacc_HBM 
Average acceleration between the 
HB starting point and the HB 
max (related to D3) 

int_TRS Time duration of the transient 
interval (related to D4) 

avgvel_C2 Average velocity of C2 during 1 
swallowing cycle(related to D5) 

maxvel_C2 Maximal velocity of C2 during 1 
swallowing cycle (related to D5) 

avgvel_C2_TRS 
Average velocity of C2 during 
the transient interval (related to 
D5) 

maxvel_C2_TRS 
Maximal velocity of C2 during 
the transient interval (related to 
D5) 

ratio_TRS 
Time ratio of the transient 
interval among 1 swallowing 
cycle(related to D6) 

hordis_HBM 
Horizontal distancebetween the 
HB starting pointand the HB max 
(related to D7) 

verdis_HBE 
Vertical differencebetween the 
HB starting pointand the HB 
ending point (related to D8) 

Table 2. Selected features for classification 
 

The previously implemented diagnostic platform was 
modified to calculate the features in Table 2 
automatically. 

 
2.4. Classification  
In this study, support vector machine (SVM) function 
of the Matlab was utilized. Linear kernel function 
was selected and the extracted 14 features were 
entered into the SVM function for training and testing. 
5-fold cross validation was performed to verify the 
classification accuracy.  
 
III. RESULTS AND DISCUSSION 
 
Table 3 shows the results of classification for each of 
the 14 features (one input feature – two output 
classes). 
 
Feature Results of classification 

Accurac
y 

Sensitivit
y 

Specificit
y 

maxdis_HBM 67.4±9.6 57.8±15.
7 

77.0±13.8 

avgvel_TOT 59.0±10.
9 

68.5±15.
7 

49.4±15.8 

maxvel_TOT 56.8±9.9 55.4±18.
2 

58.2±15.9 

maxlen_HBM 62.2±10.
1 

52.7±15.
6 

71.6±14.0 

avgvel_HBM 62.9±10.
6 

67.2±15.
1 

58.5±16.6 

int_TRS 67.6±10.
2 

80.8±11.
8 

54.3±16.3 

avgvel_C2_TR
S 

50.2±5.3 82.1±24.
1 

18.4±23.5 

maxvel_C2_TR
S 

51.6±5.3 88.9±13.
0 

14.2±12.9 

hordis_HBM 64.4±10.
3 

68.0±15.
4 

60.7±15.1 

verdis_HBE 58.2±9.9 36.8±13.
5 

79.6±16.5 

Table 3. Results of classification when each of the 14 features 
was entered into the SVM function. Unit: % 
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Among the 14 features utilized, two features 
(maxdis_HBM and int_TRS; group 1) showed 
classification accuracies over 67%, and five features 
(maxdis_HBM, maxlen_HBM, avgvel_HBM, 
int_TRS, and hordis_HBM; group 2) showed 
classification accuracies over 60%, respectively.  
Table4 shows the results of classification when 1) 
overall 14 features were entered into the SVM 
function at the same time (14 input-2 output), 2) 
features in group 1 were entered into the SVM 
function at the same time (2 input-2 output), and 3) 
features in group 2 were entered into the SVM 
function at the same time (5 input-2 output), 
respectively. 
 

Feature Results of classification 
Accuracy Sensitivity Specificity 

Overall 67.3±9.5 69.0±14.8 65.6±14.3 
maxdis_HBM 
int_TRS 64.8±9.8 62.4±17.4 67.2±18.0 

maxdis_HBM 
maxlen_HBM 
avgvel_HBM 
int_TRS 
hordis_HBM 

66.3±10.0 71.3±14.9 61.3±16.6 

Table 4. Results of classification when overall, group 1, or 
group 2 features were entered into the SVM function. Unit: % 

 
Table 5 shows the effect of theeach qualitative 
differences (D1 – D8) between the severe and mild 
groups on the performance of the SVM function. 
Qualitative differences D1, D4, and D6 were the most 
effective clinical symptoms for classification among 
the eight candidates (> 67% accuracy).  
 
Differenc
e 

Results of classification 
Accuracy Sensitivity Specificity 

D1 67.4±9.6 57.8±15.7 77.0±13.8 
D2 56.4±9.9 58.3±17.3 54.5±16.3 
D3 63.5±10.2 66.0±16.1 60.9±15.3 
D4 67.6±10.2 80.8±11.8 54.3±16.3 
D5 51.9±5.4 89.1±16.8 14.7±15.5 
D6 67.6±10.2 80.8±11.8 54.3±16.3 
D7 64.4±10.3 68.0±15.4 60.7±15.1 
D8 58.2±9.9 36.8±13.5 79.6±16.5 

Table 5. Effect of the each qualitative difference on the 
classification. Unit: % 

 
Table 6 shows the effect of excluding the each 
qualitative differences (D1 – D8) between the two 
groups on the performance of the SVM function. 
  
Excluded 
difference 

Results of classification 
Accuracy Sensitivity Specificity 

D1 64.3±9.8 68.2±14.7 60.4±15.9 
D2 67.9±9.2 69.8±14.3 66.1±14.2 
D3 69.9±9.4 71.5±15.0 68.3±14.4 
D4 67.8±10.1 68.8±14.7 66.9±14.9 

D5 66.1±10.1 68.0±14.8 64.2±15.0 
D7 66.6±9.4 68.2±15.0 65.1±16.2 
D8 68.7±9.7 70.0±13.9 67.4±15.1 

Table 6. Effect of excluding the each qualitative difference on 
the classification. Unit: % 

 
Several researchers have tried to implement an 
automatic protocol to classify the degree of dysphagia. 
For example, Reddy et al. [10] and Suryanarayanan et 
al. [11] implemented classifiers to classify the degree 
of pharyngeal dysphagia into normal, mild, moderate, 
and severe risk of aspiration using biomechanical 
measurements. In addition, Chaves et al. [12] 
classified the severity of valleculae residues into 
normal, mild, moderate, and severe by manual 
investigation of the VFSS images. Furthermore, Lee 
et al. [13] proposed a SVM algorithm that classifies 
the normal and dysphagic patients using 19 temporal 
and kinematic features.  
In this study, we focused on the relationship between 
the clinical symptoms of dysphagic patients and the 
accuracy of dysphagia severity classification. We 
introduced the intuitive investigation of the difference 
in clinical symptoms between the severe and mild 
groups for candidate feature selection, and 
investigated the effects of each selected features on 
the classification performance. Although the 
morphological characteristics of the HB moving 
trajectory are different between individual dysphagic 
patients even in the same group, selection of 
appropriate intuitive differences could result in higher 
accuracy as shown in Table 5.   
 
CONCLUSIONS 
 
Although the morphological characteristics of the HB 
moving trajectory are different between individual 
dysphagic patients even in the same group, selection 
of appropriate intuitive differences could result in 
higher classification accuracy as shown in Table 5.  
 
ACKNOWLEDGMENTS  
 
This research was supported by the Basic Science 
Research Program through the National Research 
Foundation of Korea (NRF) funded by the Ministry 
of Science, ICT and Future Planning (NRF-
2015R1D1A1A01058652). 
 
REFERENCES 

 
[1] C. Ertekin, I. Aydogdu, N. Yuceyar, N. Kiylioglu, S. 

Tarlaci, and B. Uludag, “Pathophysiological mechanisms 
of oropharyngeal dysphagia in amyotrophic lateral 
sclerosis”, Brain, vol.123,pp.125–140, 2000. 

[2] T.R. Han, N.J. Paik, and J.W. Park, “Quantifying 
swallowing function after stroke: a functional dysphagia 
scale based on videofluoroscopic studies”, Arch Phys Med 
Rehab,vol.82,pp. 677-682, 2001. 

[3] M.E. DeFabrizio and A. Rajappa, “Contemporary 
approaches to dysphagia management”, J NurstPract, 
vol.6,pp.622-630,2010. 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009       Volume-5, Issue-4, Oct.-2017 
http://iraj.in 

Estimation of the Degree of Dysphagia using Video fluoroscopic Swallowing Images 
 

18 

[4] K. Yamamura, J. Kitagawa, M. Kurose, et al. “Neural 
mechanisms of swallowing and effects of taste and other 
stimuli on swallow initiation”, Biol Pharm Bull,vol.33, 
pp.1786-1790, 2010. 

[5] K.H. O’Neil, M. Purdy, J. Falk and L. Gallo, “The 
dysphagia outcome and severity scale”, 
Dysphagia,vol.14,pp.139-145, 1999. 

[6] N.J. Paik, S.J. Kim, H.J. Lee, J.Y. Jeon, J.Y. Lim, and T.R. 
Han, “Movement of the hyoid bone and the epiglottis 
during swallowing in patients with dysphagia from 
different etiologies”, J ElectromyogrKines,vol.18,pp.329-
335, 2008. 

[7] S.J. Stoeckli, T.A. Huisman, B.A. Seifert, and H.B.J. 
Martin, “Interrater reliability of videofluoroscopic swallow 
evaluation”, Dysphagia,vol.18,pp.53-57, 2003.  

[8] D.H. Kim, K.H. Choi, H.M. Kim, et al., “Inter-rater 
reliability of videofluoroscopic dysphagia scale”, Ann 
Phys Rehabil Med, vol.36, pp.791-796, 2012. 

[9] J.C. Lee, K.W. Nam, D.P. Jang, N.J. Paik, J.S. Ryu, and 
I.Y. Kim, “A supporting-platform for semi-automatic 
hyoid bone tracking and parameter extraction from 

videofluoroscopic images for the diagnosis of dysphagia 
patients”, Dysphagia,vol.32, pp.315-326, 2017. 

[10] N.P. Reddy, R. Thomas, E.P. Canilang, and J. Casterline, 
“Toward classification of dysphagic patients using 
biomechanical measurements”, J Rehab Res 
Develop,vol.31,pp.335-344, 1994. 

[11] S. Suryanarayanana, N.P. Reddy, and E.P. Canilang, “A 
fuzzy logic diagnosis system for classification of 
pharyngeal dysphagia”, Int J Biomed Comput, 
vol.38,pp.207-215, 1995. 

[12] R.D.D. Chaves, L.D. Mangilli, F.C. Sassi, S.K. Jayanthi, 
B. Zilberstein, and C.R.F.D. Andrade, “Two-dimensional 
perceptual videofluoroscopic swallowing analysis of the 
pharyngeal phase in patients older than 50 years”, Arq 
Bras Cir Dig,vol.26, pp.274-279, 2013. 

[13] J.C. Lee, H.G. Seo, W.H. Lee, H.C. Kim, T.R. Han, and 
B.M. Oh, “Computer-assisted detection of swallowing 
difficulty”, Computer Methods and Programs in 
Biomedicine,vol.134,pp.79-88,2016. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 


