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Supplemental Material S1. Operational definitions of temporal 
measures. 
 
Component Definition 
Global oral transit 
time (gOTT, 
seconds) 
 

The interval between the frame showing onset of 
manipulation of the bolus by the tongue in the oral 
cavity and the head of the bolus reaching the angle 
of the ramus of the mandible 

Stage transition 
duration (STD, 
seconds) 

The interval between the frame showing the head 
of the bolus reaching the angle of the ramus of the 
mandible and the frame showing onset of anterior-
superior hyoid movement, associated with a 
swallow (Robbins, Hamilton, Lof, & Kempster, 
1992) 

Initiation of 
laryngeal closure 
(ILC, seconds) 

The interval between the frame showing the head 
of the bolus reaching the angle of the ramus of the 
mandible to the frame showing contact of the 
arytenoids with base of the epiglottis (Rademaker, 
Pauloski, Logemann, & Shanahan, 1994; Robbins 
et al., 1992) 

Laryngeal 
vestibule closure-
reaction time 
(LVCrt, seconds) 

The interval between the frame showing onset of 
anterior-superior hyoid movement, associated with 
a swallow and the frame showing contact of the 
arytenoids with base of the epiglottis (Macrae, 
Anderson, & Humbert, 2014) 

Laryngeal closure 
duration (LCD, 
seconds) 

The interval from the frame showing contact of the 
arytenoids with base of the epiglottis (airway 
closure) to the last frame showing this contact has 
discontinued (airway opening) (Rademaker, 
Pauloski, Colangelo, & Logemann, 1998) 

Pharyngeal 
response time 
(PRT, seconds) 

The interval from the frame showing onset of 
initiation of laryngeal elevation to the frame 
showing the tail of the bolus passing into the upper 
oesophageal sphincter (UOS) (Rademaker et al., 
1998) 

Pharyngeal transit 
time (PTT, 
seconds) 

The interval from the frame showing the head of 
the bolus reaching the angle of the ramus of the 
mandible to the frame showing the tail of the bolus 
passing into the UOS (Power et al., 2006) 

Upper 
oesophageal 
sphincter duration 
(UOSD, seconds) 

The interval from first opening of the UOS (as 
signified by a column of air at the top of the 
narrowest past of the UOS or of contrast entering 
the narrowest part of the UOS) to the frame 
showing the tail of the bolus passing into the UOS 
(Kendall, McKenzie, Leonard, Gonçalves, & Walker, 
2000; Power et al., 2006) 
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Initiation of 
pharyngeal 
swallow (IPS, 
range 0-4) 
(Martin-Harris et 
al., 2008) 

Location of bolus head when initiation of 
pharyngeal swallow is triggered. 0: bolus head at 
posterior angle of ramus; 1: bolus head in 
valleculae; 2: bolus head at posterior laryngeal 
surface of epiglottis; 3: bolus head in pyriforms; 4: 
no visible initiation at any location 

Bolus transport 
(BT, range 0-4) 
(Martin-Harris et 
al., 2008) 

Pattern of bolus transport through oral cavity and 
lingual movement. 0: brisk tongue motion; 1: 
delayed initiation of tongue motion; 2: slowed 
tongue motion; 3: repetitive/ disorganized tongue 
motion; 4: minimal to no tongue motion. 

Oral residue (OR, 
range 0-4) 
(Martin-Harris et 
al., 2008) 

Residue in oral cavity. 0: complete oral clearance; 
1: trace residue lining oral structures; 2: residue 
collection on oral structures; 3: majority of bolus 
remaining; 4: minimal to no clearance. 

Pharyngeal 
residue (PR, range 
0-4) (Martin-
Harris et al., 
2008) 

Residue in pharynx. 0: complete pharyngeal 
clearance; 1: trace residue within or on pharyngeal 
structures; 2: collection of residue within or on 
pharyngeal structures; 3: majority of contrast 
within or on pharyngeal structures; 4: minimal to 
no pharyngeal clearance.  
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