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ABSTRACT
Objective: The objective of this study was to assess the effect of bolus taste variability on oropharyngeal swallowing in 
normal individuals versus stroke patients to explore its role in the management of oropharyngeal dysphagia.
Patients and Methods: This study was conducted on 30 patients with oropharyngeal dysphagia due to stroke and 30 
healthy adults, who were assessed during swallowing of 5 ml liquid boluses and 5 ml semisolid boluses of different tastes: 
sweet, salty, sour, and bitter/spicy. They were examined using videofluoroscopy and nasopharyngeal videofibroscopy to 
analyze temporal measures of swallowing, penetration aspiration scale, and Mansoura FEES Residue Rating Scale.
Results: In all bolus tastes, both fluids and semisolid consistencies demonstrated significantly longer temporal measures 
in the patient group than in the control group. All temporal measures were consistently longer in the semisolid consistency 
than in the fluid consistency. However, this difference did not reach statistical significance in some cases (e.g., sweet taste 
in the patient group and sour taste in the control group). Non-significant differences were found between different tastes 
as regards their effects on PAS scores as well as on residue scale scores.
Conclusion: Different tastes have different temporal measures, with the sweet taste being the shortest and bitter taste 
being the most prolonged durations in both normal and stroke patients. Neither studied taste correlated significantly with 
penetration /aspiration of food boluses nor with their residue scale. The food taste management option could be used in 
different physiological breakdowns, which necessitates further research.
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INTRODUCTION                                                                 

Dysphagia has a significant impact on the quality of 
life of stroke survivors[1]. It may result in malnutrition, 
dehydration, respiratory infections, and pneumonia[2]. 
Aspiration pneumonia remains the third principal cause 
of death during the first month after stroke onset and 
accounts for approximately 34% of all stroke deaths 
afterwards. Increased severity of aspiration was associated 
with a higher incidence of pneumonia, especially in 
immunocompromised stroke patients with poor oral 
health[3].

Taste potentially affects swallowing as it stimulates 
swallowing coordination and autonomic nervous system 
responses[4]. Sensory input is essential to initiate and 
regulate swallowing, and the relation of oral sensory 
pathways to swallow motor dysfunctions has been 
established[5].

Taste disorders after stroke are frequent and may not be 
detected by the physicians and patients[6]. Loss of capacity 
to distinguish salty, sweet, or sour tastes has been reported, 
and, in the majority of cases, these functional disorders 
continue for more than 18 months[7].

Although swallowing difficulties may get better 
naturally in about 10% of stroke patients, problems can last 
for more than six months[8]. It has been proposed that bolus 
taste can modify swallowing in stroke pa¬tients [9, 10] and 
may have a role in managing patients with dysphagia after 
stroke[11].

Both modified barium swallow (MBS) and Fiberoptic 
endoscopic evaluation of swallowing (FEES) are 
commonly used in dysphagia evaluation. They have been 
compared for clinical indications, outcomes[12], cost[13], the 
ability to detect aspiration, and scoring several parameters, 
including pharyngeal clearance[14, 15].
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The effect of taste on the physiology of swallowing 
remains equivocal. This may be due to differences in 
methods employed or the type of stimulus presented poses 
a challenge[16]. Taste induces different autonomic nervous 
system responses, with sweet taste causing the weakest 
response while the unpleasant tastes (salty, sour, and bitter) 
making more robust responses, with bitter taste producing 
the strongest ones[17].

This study's objective was to assess the effect of bolus 
taste variability on oropharyngeal swallowing in normal 
individuals versus stroke patients to explore its role in 
managing oropharyngeal dysphagia.

PATIENTS AND METHODS:                                                                               

2.1. Subjects:

This prospective cross-sectional study was carried out 
at the Unit of Phoniatrics, Mansoura University Hospital 
from July 2018 to March 2019. The study included 60 
adults in the age range of 30-75 years who were divided 
into two groups. Group I (patient group) consisted of 30 
patients with oropharyngeal dysphagia due to stroke. We 
included patients who understood and followed verbal 
instructions who suffered from a stroke, whatever its type 
(ischemic or hemorrhagic) or its site who proved to be safe 
to receive oral feedings when examined by FEES. Severely 
compromised patients and patients with severe cogni¬tive 
impairment and those with other neurological etiologies 
for their dysphagia were excluded.

Group II (control group) consisted of 30 healthy adults 
with no history of any neurological or gastroesophageal 
diseases and no history of medical or surgical etiology that 
could impair swallowing function.

2.2. Methods:

Group I (patient group) were initially subjected to 
the following protocol of assessment: patient's interview, 
auditory perceptual assessment (APA) of language, 
speech and voice, and clinical examination including 
general examination, preliminary visualization of oro-
pharyngo-laryngeal tract, neck examination, neurological 
examination as well as observations during trial feeding. 

Each subject was assessed during swallowing of 5 
ml liquid boluses and 5 ml semisolid boluses of different 
tastes, and each taste/consistency was examined twice. 
Lemon juice, sucrose, saline, tea, and a mix of grinded dry 
red chili and grinded black pepper were used to represent 
sour, sweet, salty, bitter, and spicy tastes, respectively. 

Liquid boluses of sour taste (50 ml of water with 20 ml 
of lemon juice), sweet taste (50 ml of water with 10 gm of 
sucrose), salty taste (saline 0.9 NaCl), bitter taste (50 ml of 
water with 5 gm of tea) were prepared.

For preparing the semisolid boluses, 50 gm of starch 
were dissolved in 150 ml boiled water with the addition of 
(20 ml lemon juice) for sour taste, the addition of (15 gm 
sucrose) for sweet taste, addition of (10 ml saline NaCl) 
for salty taste, and addition of a mix of grinded dry red 
chili and grinded black pepper for a spicy taste. These 
consistencies were placed in a clean container on fire till 
forming semisolid consistencies, then allowed to cool and 
put in clean plastic containers. Barium was added (about 
10 gm) to all samples, and all boluses were offered at room 
temperature.

2.2.1.Videofluoroscopic swallowing examination:

All participants were examined using the MBS 
procedure with videofluoroscopy at the radiology 
department, Mansoura University Hospitals. Digital 
recordings were made for each bolus. Each study subject 
was given the 5 ml bolus via spoon and instructed to keep 
the bolus in the mouth then swallow when the command 
swallow was given. Between recording sequences, subjects 
were given a spoon of unlabeled water to wash out any 
residue from a previous swallow. The videofluoroscopic 
studies were conducted in the lateral plane according to the 
procedure outlined by Logemann[18].

Video records were analyzed for the following temporal 
measures of oropharyngeal swallowing:

1)	 Oral transit duration (OTD): from the initiation of 
posterior bolus movement to arrival of bolus head at the 
ramus of mandible.

2)	 Oral clearance duration (OCD): from the initiation 
of posterior bolus movement to arrival of bolus tail at the 
ramus of mandible.

3)	 Pharyngeal transit duration (PTD): from the 
arrival of bolus head at the ramus of mandible to bolus 
head enter upper esophageal sphincter.

4)	 Pharyngeal clearance duration (PCD): from the 
arrival of bolus head at the ramus of mandible to bolus tail 
enter upper esophageal sphincter.

5)	 Hyoid maximal elevation duration (HMED): from 
hyoid first maximum elevation to hyoid last maximum 
elevation

6)	 Total swallow duration (TSD): summing both 
oral transit and pharyngeal clearance duration.

Additionally, video records were analyzed for 
penetration or aspiration based on the penetration aspiration 
scale developed by Rosenbek et al.[19] (Appendix A) 
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2.2.2. Flexible endoscopic evaluation of swallowing:

All participants were examined using nasopharyngeal 
videofibroscopy connected to a video camera and laptop 
with a TV tuner. The fiberscope was passed through the 
nasal cavity to the level just above the epiglottis (home 
position) with a view of the tongue's base, the entire 
hypopharynx, and larynx. The supralaryngeal region was 
observed and digitally recorded while swallowing the 
same tastes and consistencies previously examined with 
Videofluoroscopy.

Video records were analyzed for determination and 
scoring of residue based on the Mansoura FEES Residue 
Rating scale (MFRRS) developed by Sabry, Coyle and 
Abou-Elsaad[20] (appendix B).

2.2.3. Statistical analysis:

Data were analyzed using SPSS (statistical package 
for social science) version 21. Qualitative data were 
expressed as number and percentage. Quantitative data 
were expressed as mean and standard deviation. One-way 
ANOVA was used to compare more than two materials, 
followed by the Bonferroni test to compare between every 
two measures. The student t-test was used to compare 
two groups. Results were considered significant when the 
probability of error was less than or equal to 5% (p ≤ 0.05).

2.2.4. Ethical consideration:

The Institutional Review Board of Mansoura Faculty 
of Medicine approved the study (MD/17.01.49c). Written 
informed consent was obtained from all subjects or their 
guardians before the study.

RESULTS:                                                                          

3.1. Demographic data:

This study was conducted on 60 adults (37 males and 
23 females) in the age range of 30-75 years (mean 55 ± 
8.65) divided into two groups.

Group I (patient group) included 30 patients with 
oropharyngeal dysphagia due to stroke who presented 
from day 1 to 21 days after the stroke onset (mean 8.9 ± 
4.5). They included (19 males, 11 females) in the age range 
45-75 (mean 63.2 ± 9.79) years. In most patients (46.7%), 
the etiology of oropharyngeal dysphagia was left cortical 
stroke. Group II (control group) consisted of 30 healthy 
volunteers (18 males and 12 females) in the age range of 
30-50 years (mean 35.8 ±7.58). Both groups were matched 
for sex.

3.2. Results of the videofluoroscopic assessment of 

swallowing:

The videofluoroscopic assessment included an 
assessment of temporal measures of swallowing and 
analysis of penetration aspiration scale.

3.2.1. Effects of individual bolus tastes on temporal 

measures of swallowing:

In all bolus tastes, both fluids and semisolid consistencies 
demonstrated significantly longer temporal measures in 
the patient group than in the control group, except hyoid 
maximal elevation duration (HMED) in nearly all tastes. 
The within-group comparison revealed the differential 
effect of bolus consistency on both patient and control 
groups' temporal measures. All temporal measures were 
consistently longer in the semisolid consistency than in the 
fluid consistency. However, this difference did not reach 
statistical significance in some cases (e.g., sweet taste in 
the patient group and sour taste in the control group), as 
shown in Tables (1-4).

Table 1: Effect of sweet taste on temporal measures of swallowing:

P2Group II (n =30)Group I (n= 30)ConsistencyTemporal measures of 
sweet taste in msecs

0.001*0.26±0.100.95±0.46Fluids (Mean±SD)
OTD 0.001*0.47±0.181.45±0.80Semisolids (Mean±SD)

0.001*0.356P1
0.001*0.35±0.121.61±1.04Fluids (Mean±SD)

PTD 0.001*0.42±0.142.37±3.12Semisolids (Mean±SD)
0.5890.039*P1

0.001*0.50±0.161.70±0.75Fluids (Mean±SD)
OCD 0.001*0.70±0.182.75±2.33Semisolids (Mean±SD)

0.001*0.497P1
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Data are expressed as mean and standard deviation.
Student t test was used to compare between both groups. 
P value <0.05 is significant, P value>0.05 non-significant.
P1 represent within group comparison.
P2 represent between group comparison.

0.001*0.65±0.112.12±0.92Fluids (Mean±SD)
PCD 0.001*0.80±0.273.26±3.24Semisolids (Mean±SD)

0.005*0.409P1
0.001*0.91±0.173.07±1.13Fluids (Mean±SD)

TSD 0.001*1.28±0.324.86±3.89Semisolids (Mean±SD)
0.001*0.319P1

0.001*0.29±0.100.35±0.09Fluids (Mean±SD)
HMED 0.3290.41±0.200.45±0.14Semisolids (Mean±SD)

0.004*0.230P1

Table 2: Effect of sour taste on temporal measures of swallowing:

P2Group II (n =30)Group I (n= 30)ConsistencyTemporal measures of 
sour taste in msecs

0.001*0.38±0.151.10±0.56Fluids (Mean±SD)
OTD 0.001*0.39±0.141.65±0.86Semisolids (Mean±SD)

0.7450.005*P1
0.001*0.41±0.181.75±1.39Fluids (Mean±SD)

PTD 0.001*0.50±0.251.93±1.70Semisolids (Mean±SD)
0.0840.664P1

0.001*0.63±0.261.81±1.07Fluids (Mean±SD)
OCD 0.001*0.67±0.262.69±1.73Semisolids (Mean±SD)

0.5370.022*P1
0.001*0.72±0.272.30±1.25Fluids (Mean±SD)

PCD 0.001*0.86±0.252.71±1.78Semisolids (Mean±SD)
0.048*0.304P1

0.001*1.11±0.363.39±1.68Fluids (Mean±SD)
TSD 0.001*1.24±0.334.36±2.38Semisolids (Mean±SD)

0.1370.075P1
0.291*0.36±0.120.39±0.11Fluids (Mean±SD)

HMED 0.2390.45±0.160.50±0.17Semisolids (Mean±SD)
0.012*0.003*P1

Data are expressed as mean and standard deviation.
Student t test was used to compare between both groups
P value <0.05 is significant, P value>0.05 non-significant.
P1 represent within group comparison.
P2 represent between group comparison.

Table 3:  Effect of salt taste on temporal measures of swallowing:

P2Group II (n =30)Group I (n= 30)ConsistencyTemporal measures of 
salt taste in msecs

0.001*0.46±0.171.03±0.45Fluids (Mean±SD)
OTD 0.001*0.62±0.251.60±0.82Semisolids (Mean±SD)

0.004*0.017*P1
0.001*0.43±0.221.47±0.87Fluids (Mean±SD)

PTD 0.001*0.60±0.342.68±2.92Semisolids (Mean±SD)
0.026*0.033*P1
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Data are expressed as mean and standard deviation.
Student t test was used to compare between both groups
P value <0.05 is significant, P value>0.05 non-significant.
P1 represent within group comparison.
P2 represent between group comparison.

Table 4: Effect of bitter taste in fluids and spicy taste in semisolids on temporal measures of swallowing:

P2Group II (n =30)Group I (n= 30)Consistency
Temporal measures 
of bitter and spicy 

taste in msecs
0.001*0.42±0.141.35±1.05Fluids (Mean±SD)

OTD 0.001*0.53±0.161.99±0.82Semisolids (Mean±SD)
0.003*0.001*P1

0.001*0.47±0.192.02±1.70Fluids (Mean±SD)
PTD 0.001*0.53±0.262.58±2.29Semisolids (Mean±SD)

0.3010.039*P1
0.001*0.65±0.192.38±1.87Fluids (Mean±SD)

OCD 0.001*0.81±0.223.17±1.47Semisolids (Mean±SD)
0.003*0.001*P1

0.001*0.75±0.162.70±1.74Fluids (Mean±SD)
PCD 0.001*0.98±0.273.20±2.19Semisolids (Mean±SD)

0.001*0.015*P1
0.001*1.16±0.283.99±2.76Fluids (Mean±SD)

TSD 0.001*1.51±0.325.14±2.77Semisolids (Mean±SD)
0.001*0.001*P1

0.2930.38±0.130.40±0.15Fluids (Mean±SD)
HMED 0.025*0.58±0.170.49±0.15Semisolids (Mean±SD)

0.001*0.001*P1

0.001*0.75±0.191.72±0.67Fluids (Mean±SD)
OCD 0.001*0.90±0.322.56±1.52Semisolids (Mean±SD)

0.034*0.007*P1
0.001*0.72±0.232.23±1.01Fluids (Mean±SD)

PCD 0.001*0.97±0.303.49±2.85Semisolids (Mean±SD)
0.001*0.027*P1

0.001*1.19±0.303.30±1.14Fluids (Mean±SD)
TSD 0.001*1.58±0.304.94±3.42Semisolids (Mean±SD)

0.001*0.015*P1
0.9240.42±0.140.41±0.09Fluids (Mean±SD)

HMED 0.1000.57±0.210.49±0.15Semisolids (Mean±SD)
0.0010.017*P1

Data are expressed as mean and standard deviation.
Student t test was used to compare between both groups
P value <0.05 is significant, P value>0.05 non-significant.
P1 represent within group comparison.
P2 represent between group comparison.
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3.2.2. Comparison between different bolus tastes 
as regards their effects on temporal measures of 
swallowing in the patient group: 

A) In liquid bolus:

Using the ANOVA test, statistically significant 
differences were found between different tastes of fluids 
regarding their effects on OTD and OCD, whereas the 
other temporal measures were not statistically different. 
Sweet taste showed the shortest OTD, OCD, PCD, TSD, 
and HMED, whereas bitter taste showed the longest OTD, 
PTD, OCD, PCD, and TSD compared to other tastes.

Post hoc test analysis revealed a significant difference 
between sweet and bitter tastes as OTD and OCD were 
significantly longer in the bitter taste (Tables 5, 6).

B) In semisolid bolus:

Non-significant differences were found between 
different tastes of semisolids as regards their effects on 
temporal measures of swallowing (Table 7).

3.2.3. Effects of individual bolus tastes on 
penetration aspiration scale scores:

In the patient group, PAS scores for all bolus tastes 
were significantly higher in fluid boluses than in semisolid 
boluses. When comparing both groups, fluid boluses 
showed significantly higher PAS scores in the patient 
group, whatever the bolus taste (Table 8).

3.2.4. Comparison between different bolus tastes as 
regards their effects on penetration aspiration scale 
of swallowing in the patient group:

Non-significant differences were found between 
different tastes as regards their effects on PAS scores 
(Table 9).

3.3. Results of FEES:

3.3.1. Effects of individual bolus tastes on Mansoura 
Fees Residue Rating scale (MFRRS): 

In all bolus tastes, both fluid and semisolid consistencies 
demonstrated greater residue in both vallecula and pyriform 
in the patient group than in control group, with statistically 
significant differences for semisolids. Residue scale was 
predominantly higher in the semisolid consistency than in 
fluid consistency; however, this difference did not reach 
significance in either group (Table 10). 

3.3.2. Comparison between different bolus tastes as 
regards their effects on residue scale of swallowing 
in the patient group:

Non-significant differences were found between 
different tastes as regards their effects on residue scale 
scores (Table 11).

Table 5: Comparison between different tastes of fluids in patient group as regard their effect on temporal measures:

P-valueANOVA (F)Bitter
(Mean±SD)

Salt
(Mean±SD)

Sour
(Mean±SD)

Sweet
(Mean±SD)

Temporal  measures 
of fluids in msecs

0.046*2.2511.35 ± 1.051.03 ± 0.451.10 ± 0.560.95 ± 0.46OTD
0.4030.9832.02 ± 1.701.47 ± 0.871.75 ± 1.391.61 ± 1.04PTD
0.044*2.1812.38 ± 1.871.72 ± 0.671.81 ± 1.071.70 ± 0.75OCD
0.3071.2162.70 ± 1.742.23 ± 1.012.30 ± 1.252.12 ± 0.92PCD
0.2431.4133.99 ± 2.763.30 ± 1.143.39 ± 1.683.07 ± 1.03TSD
0.1611.7470.40 ± 0.150.41 ± 0.090.39 ± 0.110.35 ± 0.09HMED

F =ANOVA test   *significant at the 0.05 level

Table 6: Post hoc test for different tastes of fluids in patient group:

Salt vs 
Bitter

Sour vs 
Bitter

Sour vs 
Salt

Sweet vs 
Bitter

Sweet vs 
Salt

Sweet vs 
SourTemporal  

measures
ptptptptptpt

0.4990.6810.2481.1670.5720.5680.046*2.0390.1021.6630.2151.253OTD
0.5880.5440.6430.4670.3490.9440.2641.1290.1231.5670.5160.654PTD
0.9370.0800.6420.4670.6760.4200.030*1.8380.0731.8230.1571.433OCD
0.6450.4640.5230.6430.8210.2270.1071.6380.2031.2870.3041.037PCD
0.4340.7880.3820.8820.7990.2560.0971.6890.2121.2630.3191.006TSD
0.2122.6070.1681.3960.3240.9950.1041.6520.7940.2620.6120.510HMED

Student t test * statistically significant at p<0.05
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Table 7: Comparison between different tastes of semisolids as regard their effect on temporal measures in patient group:

P-valueANOVA (F)Spicy
(Mean±SD)

Salt
(Mean±SD)

Sour
(Mean±SD)

Sweet
(Mean±SD)

Temporal  measures 
of semisolids 

in msecs
0.7662.2541.99 ± 0.821.60 ± 0.821.65 ± 0.861.45 ± 0.80OTD
0.6800.5052.58 ± 2.292.68 ± 2.921.93 ± 1.702.37 ± 3.12PTD
0.5910.6403.17 ± 1.472.56 ± 1.522.69 ± 1.732.75 ± 2.33OCD
0.6960.4813.20 ± 2.193.49 ± 2.852.71 ± 1.783.26 ± 3.24PCD
0.8020.3325.14 ± 2.774.94 ± 3.424.36 ± 2.384.86 ± 3.89TSD
0.6010.6250.49 ± 0.150.49 ± 0.150.50 ± 0.170.45 ± 0.14HMED

F =ANOVA test   *significant at the 0.05 level

Table 8: Effect of bolus taste on PAS scores:

P2Group II PAS 
scores (n =30)

Group I PAS 
scores (n= 30)ConsistencyTaste

0.027*1.00±0.001.20±0.48Fluids (Mean±SD)
Sweet -1.00±0.001.00±0.00Semisolids (Mean±SD)

-0.027*P1
0.039*1.00±0.001.13±0.35Fluids (Mean±SD)

Sour -1.00±0.001.00±0.00Semisolids (Mean±SD)
-0.039*P1

0.039*1.00±0.001.13±0.35Fluids (Mean±SD)
Salt -1.00±0.001.00±0.00Semisolids (Mean±SD)

-0.039*P1
0.039*1.00±0.001.13±0.35Fluids (Mean±SD)

Bitter & Spicy 0.0781.10±0.311.00±0.00Semisolids (Mean±SD)
0.0780.039*P1

Data are expressed as mean and standard deviation.
P value <0.05 is significant, P value>0.05 non-significant. 
Student t test was used to compare between both groups
P1 represents within group comparison.
P2 represents between group comparison.

Table 9: Comparison between different tastes of fluids and semisolids in patient group as regard their effect on PAS scores;

P-valueANOVA (F)Spicy
(Mean±SD)

Bitter
(Mean±SD)

Salt
(Mean±SD)

Sour
(Mean±SD)

Sweet
(Mean±SD)PAS

--1.13 ± 0.351.13 ± 0.351.13 ± 0.351.20 ± 0.48Fluids
0.0553.2221.00 ± 0.0011.00 ± 0.001.00 ± 0.001.00 ± 0.00Semisolids

F =ANOVA test   *significant at the 0.05 level

Table 10: Effect of different tastes on residue scale:

P2Group II (n =30)Group I (n= 30)ConsistencyTaste
0. 4100.37±0.490.87±1.20Fluids

RP

Sweet

0.006*0.57±0.501.27±1.26Semisolids
0.1250.404P1

0.1200.47±0.510.83±1.09Fluids
RV 0.001*0.40±0.501.93±1.48Semisolids

0.6100.455P1
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0.0580.57±0.571.17±1.60Fluids
RP

Sour

0.001*0.40±0.561.57±1.19Semisolids
0.2590.277P1

0.5670.27±0.451.17±1.12Fluids
RV 0.001*0.30±0.472.17±1.46Semisolids

0.7790.566P1
0.2650.50±0.510.77±1.19Fluids

RP

Salt

0.003*0.43±0.501.13±1.14Semisolids
0.6120.228P1

0.3230.47±0.511.03±0.81Fluids
RV 0.001*0.57±0.501.73±1.48Semisolids

0.4470.270P1
0.1650.53±0.510.97±1.27Fluids

RP

Bitter and spicy

0.001*0.53±0.572.07±1.51Semisolids
1.0000.233P1

0.2890.60±0.501.10±1.24Fluids
RV 0.001*0.53±0.511.97±1.33Semisolids

0.6100.655P1

Data are expressed as mean ± standard deviation.
Student t test was used to compare between both groups
P value <0.05 is significant, P value>0.05 non-significant.
P1 represent within group comparison.
P2 represent between group comparisons
RP= Residue in pyriform RV=Residue in vallecula

Table 11: Comparison between different tastes of fluids and semisolids in patient group as regard their effect on Residue Scale:

P-valueANOVA (F)Spicy
(Mean±SD)

Bitter
(Mean±SD)

Salt
(Mean±SD)

Sour
(Mean±SD)

Sweet
(Mean±SD)

0.7130.4570.97 ± 1.500.77 ± 1.191.17 ± 1.600.87 ± 1.20RP
Fluids

0.6570.5391.10 ± 1.241.03 ± 0.811.17 ± 1.120.83±1.09RV
0.2813.1302.07 ± 1.511.13 ± 1.141.57 ± 1.191.27 ± 1.26RP

Semisolids
0.7010.4741.87 ± 1.331.73 ± 1.482.17 ± 1.461.93 ± 1.48RV

F =ANOVA test   *significant at the 0.05 level

DISCUSSION                                                                  

The most common and perhaps most crucial cause 
of neurogenic dysphagia is stroke[21]. Dysphagia occurs 
in 37% to 45% of stroke patients using screening tests 
and 64% to 78% using instrumental tests[22].

The present study aimed to assess the effect of 
bolus taste variability on oropharyngeal swallowing in 
normal individuals versus stroke patients to explore its 
role in managing oropharyngeal dysphagia. The study 
was conducted on 60 adults (37 males and 23 females) 
in the age range 30-75 years, including 30 patients 
with oropharyngeal dysphagia due to stroke and 30 
healthy volunteers. 

It has been suggested that bolus volume significantly 
affects some swallowing measures as upper esophageal 
sphincter opening duration, laryngeal closure duration, 
the laryngeal closure-to-upper esophageal sphincter 

opening interval, and the pharyngeal transit time 
interval[23]. To maintain the reliability of results in 
this study, fixed volume boluses 5ml was used in all 
assessments.

In the present study, most studied patients                      
(46.7 %) had left cortical stroke. Devroey et al.[24] 
stated that brain stem strokes are less frequent than 
cortical lesions and result in the most considerable 
swallowing compromise.

The videofluoroscopic swallow study assessment 
can determine the presence, mechanism, and extent 
of aspiration[25]. The most widely used validated 
scoring system to assess the presence and severity 
of aspiration and penetration concerning swallowing 
is the Penetration-Aspiration Scale (PAS)[26]. Video 
records can be analyzed for temporal measures of 
swallowing.
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VFSS recording of temporal oral and pharyngeal 
swallowing measures in this study revealed significant 
prolongation in stroke patients compared to healthy 
control subjects except for maximal hyoid elevation 
duration. A recent meta-analysis revealed an 
association between a longer pharyngeal response 
time and upper esophageal opening duration and 
laryngeal aspiration/penetration in dysphagia patients. 
Nevertheless, there were no studies that related 
temporal measures and residue[27]. Assessment of 
post-stroke patients by videofluoroscopy detected a 
significant association between unsafe swallow and a 
delay in laryngeal vestibule closure and weak tongue 
propulsion forces[28]. 

Stroke patients in the current study exhibited 
significant prolongation of all the semisolid studied 
temporal measures compared to the fluid consistencies. 
However, the results of sweet taste fluid and semisolid 
boluses were comparable. In line with these findings, 
Abou-Elsaad[29] stated that oral transit time (OTT), 
pharyngeal transit time (PTT), and total swallow 
duration (TSD) were significantly shorter for thin 
liquids than thick liquids and semisolid consistencies. 
Abou-Elsaad[29] and Steele et al.[30] declared that thin 
liquids were unsafe and might better be avoided in the 
early stages of the restoration of oral feeding in stroke 
patients as they flow quickly with no enough time for 
the patient to close the airway.

The present results showed that sweet taste liquid 
boluses improved the oral phase of swallowing in 
stroke patients with a significant reduction in oral 
transit and clearance duration compared to bitter 
taste. Otherwise, adding different flavors to fluid 
boluses did not induce a significant improvement in 
the pharyngeal transit and clearance or in the total 
swallowing time or the duration of maximal hyoid 
elevation. The oral component of swallowing is 
voluntary and depends on the lips, teeth, muscles of 
mastication, and tongue. It is subdivided into the oral 
preparatory stage and the propulsive stage. Sensory 
information coming from food and saliva is essential 
to start and modulate swallowing. Kajii et al.[31] has 
postulated that peripheral sensory receptors in the taste 
buds must be stimulated to approximate the sensory 
threshold of swallows in the brainstem for triggering 
stronger timely swallows. This might account for 
the observed favorable decrease in oral transit and 
clearance duration with sweet liquids in the studied 
stroke patients.

In the current study, bitter liquid boluses showed 
the longest temporal measures in stroke patients. Such 
finding coincides with Leow's study who found that 
bitter-tasting samples caused the most prolonged 
oral preparation and floor of mouth contraction 

time. The sweet and sour tasting samples caused the 
shortest oral preparation time and the shortest floor of 
mouth contraction time during swallowing[32]. On the 
contrary, Alves et al.[33] indicated that a bitter bolus 
did not differ in the duration of oral, pharyngeal, and 
oesophageal phases of swallowing when compared 
with a sweet bolus.

In the present study, both sour and salt liquid 
boluses showed shorter temporal measures than bitter 
liquid boluses, with the salt boluses being shorter than 
sour boluses in nearly all temporal measures. 

The absence of significant effects of changing 
taste on most temporal measures, residue scale, and 
penetration aspiration scale in the studied stroke 
patients might be due to hypogeusia or quantitative 
taste disorders caused by central lesions involving 
taste pathways[34]. Alternatively, patients might 
perceive bolus taste, but the effect of taste did not 
cause effective oral or pharyngeal motor response due 
to efferent motor response impairment.

Studies have shown inconsistent results regarding 
the effects of some taste stimuli in initiating swallowing. 
Shingai et al.[35] demonstrated an influential role for 
sour and/or sweet taste stimuli, whereas Yahagi et al.[36] 
demonstrated improved performance of voluntary 
swallowing with a salt taste stimulus. Recently, Wang 
et al.[37] noted recovery of swallow function in stroke 
patients with dysphagia in the capsaicin intervention 
group versus placebo.

The effects of the sour bolus on swallowing 
showed varying results across studies. Antonious[38] 
detected non-significant effects of sour taste liquid 
boluses on pharyngeal transit time in ischemic 
cerebral vascular accident patients. Hamdy et al.[39] 

found a slower swallow speed in patients with stroke 
after the addition of lemon to water. On the other hand, 
Logemann et al.[40] reported significant improvement 
in videofluorographic parameters in patients with 
neurogenic dysphagia by using lemon bolus. Likewise, 
a high citric acid stimulus significantly improved 
swallowing and reduced aspiration and penetration in 
patients with neurogenic oropharyngeal dysphagia[41]. 

Xiao-ming et al.[42] highlighted the value of sour 
taste combined with neuromuscular electric stimulation 
in improving swallowing coordination in patients with 
acute and subacute stroke. The sour-cold stimulus has 
also induced improvement of the pharyngeal transit 
time and has been suggested as a therapeutic aid in 
stroke patients[11].

A trial of a high concentration sweet-sour and 
sour flavoured barium sulfate of liquid boluses 
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versus unflavored barium sulfate in distilled water 
in individuals with sensory-based dysphagia showed 
improved oropharyngeal swallowing, especially with 
sweet-sour[43]. It seems that the effects of bolus taste 
modification to increase patient's awareness of the 
presence of bolus in the mouth are still contradictory, 
with no substantial evidence to support or omit it[44].

The current study revealed significantly higher PAS 
scores in stroke patients compared to healthy subjects. 
Additionally, these patients displayed significantly 
higher severity of aspiration of fluid boluses than 
semisolids, whatever their taste. As reported by 
Park et al.[45], several impairments in stroke patients 
favor the risk of aspiration. These involve leakage of 
food from the oral cavity, diminished contraction of 
pharyngeal muscles, residue in the valleculae and the 
pyriform sinus, impairments in the larynx mobility, 
and abnormal upper esophageal opening.

Fiberoptic endoscopic evaluation of swallowing 
provides useful qualitative information on 
morphology, presence of secretions and residue, 
presence of penetration and aspiration, the timing of 
the swallow onset, and clearance of residue[46]. Fattori 
et al.[47] stated that FEES better evaluates post swallow 
residue because the videoendoscopic method permits 
a direct view of the hypopharyngeal region. So, even 
negligible residues can be visible and quickly graded.

The pharyngeal residue is frequently associated 
with tracheal aspiration in post-stroke patients. 
Therefore, an accurate description of its severity is a 
fundamental but difficult challenge[48]. Assessment of 
vallecula and pyriform sinus residue by FEES based 
on Mansoura FEES Residue Rating Scale (MFRRS) 
revealed greater residue of both sweet fluids and 
semisolid boluses in the patient group compared to the 
control group. The presence of pharyngeal residues in 
stroke patients is related to the impairment of various 
biomechanical oropharyngeal swallowing actions, 
including oral propulsion, pharyngeal contraction, and 
the opening of the pharyngoesophageal transition[49].

In agreement with the present findings, Onofri           
et al.[49] and Alves et al.[50] stated that both stroke and 
healthy subjects displayed non-significant effects 
of bolus consistency or taste on the severity of 
pharyngeal residue scale. However, the residue was 
predominantly higher in semisolid consistency. On 
the contrary, Asselin and Dietsch[51] declared that their 
studied traumatic injured patients showed consistently 
lower vallecular and pyriform residue with swallowing 
a sweet-sour bolus.

The present study highlights the shortening effect 
of sweet liquid bolus on oral transit and clearance 

duration in stroke patients with oropharyngeal 
dysphagia. However, the effect of sweet taste on 
penetration/aspiration and residue has not been proven.

5. Clinical implication:

The presentation of various bolus tastes should 
be a fundamental part of the swallowing evaluation 
protocol. These evaluations will aid in selecting an

appropriate taste option for the patient. The 
biomechanical measures of swallowing described in 
this study may be used to evaluate dysphagia in various 
pathological disorders, in following the progress of 
patients with dysphagia, and in evaluating the effects 
of appropriate therapies.

The results of the current study aid in choosing 
an appropriate nutritional option for the dysphagic 
patients. For example, in cases with prolonged oral 
and pharyngeal transit times, we can use sweet taste 
(also sour and salt tastes may be used) to improve the 
onset of oral swallow and pharyngeal transit times as 
they induced shorter temporal measures. 

In other physiological breakdowns, when we need 
to increase swallowing time to give more time for 
triggering the swallow reflex, we can use spicy taste as 
it had the longest temporal measures. The spicy tasted 
food can be applied in some cultures which prefer 
this taste like Upper Egypt or India. This necessitates 
further research.

CONCLUSION                                                             

Different tastes have different temporal measures, 
with the sweet taste being the shortest and bitter 
taste being the most prolonged durations in both 
normal and stroke patients. Neither studied taste 
correlated significantly with penetration /aspiration 
of food boluses nor with their residue scale. The food 
taste management option could be used in different 
physiological breakdowns, which necessitates further 
research.

LIMITATIONS OF THE STUDY                                                             

One of the limitations of the current study is the 
lack of evaluation of neutral taste compared to the 
other four tastes, which might strengthen the study 
results.
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Appendix (A)

Penetration aspiration scale
(Rosenbek et al., 1996)

1. Material does not enter airway.
2. Material enters the airway, remains above the vocal folds, and is ejected from the airway.
3. Material enters the airway, remains above the vocal folds, and is not ejected from the airway.
4. Material enters the airway, contacts the vocal folds, and is ejected from the airway.
5. Material enters the airway, contacts the vocal folds, and is not ejected from the airway.
6. Material enters the airway, passes below the vocal folds, and is ejected into the larynx or out of the 
airway.
7. Material enters the airway, passes below the vocal folds, and is not ejected from the trachea despite ef-
fort.
8. Material enters the airway, passes below the vocal folds, and no effort is made to eject. 

Appendix (B)

Mansoura FEES Residue Rating Scale (MFRRS) 
(Sabry, Coyle, Abou-Elsaad, in Press)

I.	 Vallecular residue
0: none                    	Right  	 Left     	 Bilateral	
1: Trace                   	 Right  	 Left	 Bilateral	
2: Shallow/low pooling	 Right	 Left	 Bilateral	 Midline
3: Moderate pooling	 Right	 Left	 Bilateral	
4: Deep/high pooling				  
5: Overflowing pooling				  
6: Penetrating pooling				  
II.	 Pyriform sinuses residue 
0: none                    	Right  	 Left     	 Bilateral	
1: Trace                   	 Right  	 Left	 Bilateral	
2: Shallow/low pooling	 Right	 Left	 Bilateral	
3: Moderate pooling	 Right	 Left	 Bilateral	
4: Deep/high pooling				  
5: Overflowing pooling				  
6: Penetrating pooling				  


