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Objective  To verify the infl uence of sour taste on swallowing and the presence of refl ex cough when sour material 
was swallowed in patients with dysphagia secondary to brain injury.
Method  Fifty dysphagic brain injury patients who underwent videofl uoroscopic swallowing study (VFSS) were 
recruited. Th e patients who had shown severe aspiration at 2 ml of liquid were excluded. Th e dysphagic patients 
were given 5 ml each of a sour tasting liquid (SOUR) and a thin liquid barium (LIQUID) in random order. An expert 
analyzed the result of VFSS by reviewing recorded videotapes. Analysis components consisted of the Penetration-
Aspiration-Scale (PAS) score, oral transit time (OTT), pharyngeal transit time (PTT), pharyngeal delay time (PDT) 
and the refl ex cough presence.
Results  The PAS score for SOUR was significantly lower than the one for LIQUID (p=0.03). The mean OTT for 
SOUR was significantly shortened compared to that for LIQUID (p=0.03). The mean PTT and PDT were also 
shortened in SOUR, although the diff erences were not statistically signifi cant (p=0.26 and p=0.32, respectively). 
Th ere was no signifi cant diff erence between SOUR and LIQUID regarding the presence of refl ex cough (p=1.00).
Conclusion  Th e sour taste could enhance sensorimotor feedback in the oropharynx, thus lowering the chances 
of penetration-aspiration caused by shortening of the oropharyngeal passage times. There was no significant 
diff erence in the presence of refl ex cough produced between LIQUID and SOUR.
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INTRODUCTION

Videofluoroscopic swallowing study (VFSS) is often 
considered the gold standard in the diagnosis and man-
agement of dysphagia.1,2 However, often a refl ex cough is 
not shown during VFSS in dysphagic patients, although 
they show reflex cough during regular diet. This can 
be attributed to the differences between swallowing a 
regular diet and a VFSS. Th e diff erence in characteristics 
of food ingested may be one of them. Generally, food 
of single consistency is used for VFSS. In a regular diet, 
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however, we eat food composed of mixed consistencies. 
Th ere are some studies that have studied the diff erences 
in physiology of swallowing between single and mixed 
consistencies.2,3 In addition, the intensity of the gusta-
tory stimulation is also a signifi cant factor that diff erenti-
ates between the swallowing in regular diet and VFSS. 
Generally, less stimulant materials are given to patients 
for the VFSS. Many researchers have also revealed that 
swallowing is highly influenced by the sensory stimula-
tion of taste.4-12 Furthermore, some studies have shown 
the infl uence of sour taste has on swallowing.6-8 Despite 
the fact that a refl ex cough is evoked by acid aspiration,13 
no studies have been performed on the presence of refl ex 
cough during the swallowing of sour bolus in VFSS. Also, 
a blind study focused on the infl uence of sour taste and 
swallowing has not been done.

Th is study aimed to verify the infl uence of sour taste on 
swallowing and the presence of a refl ex cough when sour 
material was swallowed in patients with dysphagia sec-
ondary to brain injury, by blind study.

MATERIALS AND METHODS

Participants
Fifty dysphagic brain injury patients who underwent 

VFSS between March 2011 and July 2011 at our clinic 
were recruited. Th e patients on whom it was dangerous 
to proceed the exam, due to severe aspiration at 2 ml of 
liquid, were excluded. Participants were informed of the 
purpose and risks of this study and a written informed 
consent was submitted.

Design
We designed a blind study. One researcher prepared 

both target and placebo tasting liquid and put them in 
random sequence. Another researcher blinded to the 
sequence gave each liquid to the participants. Th en each 
liquid swallowing was recorded separately. The other 
researcher interpreted the recorded VFSS with blinded 
information.

VFSS protocol 
The patients were seated in an upright position. The 

fluoroscopy machine was the Winscope 6000 (Toshiba, 
Otawara, Japan). Th e fl uoroscopy tube was located to the 
left side of the neck of the patients and it was adjusted to 

show the nasal and oral cavity, larynx, pharynx, trachea 
and upper esophagus. X-rays were taken 5 seconds to 
correct the location of the fl uoroscopy tube.

We used liquid mixtures for the test. We mixed water 
and barium sulfate liquid to make the non sour tasting 
liquid (LIQUID) at a ratio of 2 : 1, respectively. Th e bari-
um sulfate liquid was Raydix suspension (Dongindang, 
Siheung, Korea). We also prepared a sour tasting liquid 
(SOUR) which consisted of a mixture of lemon juice and 
barium sulfate liquid at a ratio of 2 : 1, respectively. Th e 
lemon juice was Lazy Lemon Juice (Polenghi, Milano, 
Italy).

During the fi rst phase, participants were given 2 ml of 
LIQUID. The exam was stopped if participants showed 
severe aspiration at this phase. During the second phase, 
they swallowed 5 ml of both SOUR and LIQUID in ran-
dom sequence. To wash out the residual chemical eff ects 
of the previous liquid, they swallowed 2 ml of water be-
fore the next swallowing. 

Patients were instructed to swallow in their usual man-
ner, and this was performed twice for each liquid. X-rays 
were projected from the beginning of the swallowing 
process until the moment the liquid passed through the 
upper esophagus. Th e images were recorded at a rate of 
30 frames per second.

The analysis of VFSS
We used recorded videotapes, which allowed for analy-

ses in slow motion and frame-by-frame. Th e components 
of the analysis consisted of the Penetration-Aspiration-
Scale (PAS) score, oral transit time (OTT), pharyngeal 
transit time (PTT), pharyngeal delay time (PDT) and the 
presence of reflex cough. The triggering marker of the 
onset of the pharyngeal swallow was the elevation of the 
hyoid bone or larynx. Th e severity of penetration-aspira-
tion was quantifi ed from 1 to 8 points using the validated 
Penetration-Aspiration Scale (PAS).14

Passage times were measured as follows: OTT was mea-
sured from the bolus movement onset in the mouth until 
the the bolus head reached the point where the lower rim 
of the mandible crosses the tongue base. PTT was mea-
sured from the arrival of the main bolus head at the point 
where the lower rim of the mandible crosses the tongue 
base to the point where the bolus tail passes through the 
cricopharyngeal region. PDT was measured from the 
bolus head arrival at the point where the lower rim of the 
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mandible crosses the tongue base until the fi rst onset of 
the laryngeal elevation. A positive value of the pharynge-
al delay time indicated that the pharyngeal swallow was 
initiated after the main bolus head had passed through 
the intersection, while a negative value indicated the re-
verse.3,15,16

Statistical analyses
Th e Wilcoxon signed rank test was used to test the dif-

ferences between the severities of penetration-aspiration 
of each liquid. Th e paired t-test was used to test the dif-
ference between the passage times of each liquid. The 
McNemar test was used to test the diff erence in the pres-
ence of reflex cough between each liquid. The p-values 

less than 0.05 were considered statistically significant. 
Th e SPSS 12.0 program was used for the statistical analy-
ses. 

RESULTS

Ten patients on whom it was dangerous to proceed the 
exam due to severe aspiration at 2 ml amounts of LIQ-
UID, were excluded. Excluding these cases, 40 patients 
were fi nally included in this study. Th e general character-
istics of the subjects are listed in Table 1.

Penetration-aspiration
Th e PAS score for each liquid is shown in Table 2. Th e 

number of penetrations (from 2 to 5 points of PAS) and 
aspirations (from 6 to 8 points of PAS) for SOUR was 
13 (32.5%) and 6 (15.0 %), respectively. The number of 
penetrations and aspirations for LIQUID was 19 (47.5%) 
and 8 (20.0 %), respectively. Th e PAS score for SOUR was 
signifi cantly lower than the one for LIQUID (p=0.03). Th e 
improvement of the PAS scores with SOUR is shown in 
Table 3.

Passage times
The mean results for SOUR were OTT 1.47±2.10, PTT 

0.97±0.46 and PDT 0.35±0.44 seconds, respectively. 
The mean results for LIQUID were OTT 2.36±3.38, PTT 

Table 1. General Characteristics of the Subjects

Characteristics Values
Age, years 65.4±13.2*

Days from onset to a study 254.4±309.1*

Gender, n (%)

    Male 24 (60)

    Female 16 (40)

Cause of dysphagia, n (%)

    Ischemia 22 (55)

    Hemorrhage 15 (37.5)

    Brain atrophy 2 (5)

    Diff use axonal injury 1 (2.5)

Hemiplegic side, n (%)

    Right 15 (37.5)

    Left 16 (40.0)

    Bilateral 9 (22.5)

*Values are mean±standard deviation

Table 2. Th e PAS Score for Each Liquid

PAS Score LIQUID, n SOUR, n
1 13 21

2 12 4

3 2 2

4 1 1

5 4 6

6 0 0

7 2 1

8 6 5

PAS: Penetration-Aspiration Scale, LIQUID: Thin liquid 
barium, SOUR: Lemon juice with barium

Table 3. Improvement of the PAS Scores for Lemon Juice 
with Barium

LIQUID PAS – SOUR PAS* n
-3 1

-1 2

0 24

+1 10

+2 1

+3 2

PAS: Penetration-Aspiration Scale, LIQUID PAS: Penetra-
tion-Aspiration Scale score of thin liquid barium, SOUR 
PAS: Penetration-Aspiration Scale score of lemon juice 
with barium
*It means subtracting the Penetration-Aspiration Scale 
score of lemon juice with barium from the Penetration-
Aspiration Scale score of thin liquid barium. Th e positive 
(+) means the improvement of the Penetration-Aspira-
tion Scale score with lemon juice with barium and the 
negative (-) means the reverse
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1.19±1.30 and PDT 0.53±1.28 seconds, respectively. The 
mean OTT for SOUR was signifi cantly shortened (p=0.03). 
The mean PTT and PDT were also shortened in SOUR, 
although the diff erences were not statistically signifi cant 
(p=0.26 and p=0.32, respectively). 

The presence of refl ex cough
Th e cough refl ex presence showed no signifi cant diff er-

ence between SOUR and LIQUID (p=1.00). There were 
only 3 patients who showed a refl ex cough with any kind 
of liquid. The number of reflex coughs for LIQUID and 
SOUR were 2 (5%) and 1 (2.5%), respectively.

DISCUSSION

Impaired sensation in the oropharynx can cause dys-
phagia, including aspiration, and inversely, an increased 
sensory stimulation can improve dysphagia.15-17 In addi-
tion, patients with an impaired sensation of the orophar-
ynx, have longer swallowing passage times and conse-
quently an increased risk of aspiration.15 Prior researchers 
have reported that a major reason for the promotion of 
refl ex swallowing by sour taste is the increase of sensory 
stimulation to the brain via sensory nerves.6-8 One of 
these researchers evaluated 19 patients with stroke, using 
a videofl uoroscopy to note the diff erences in swallowing 
with and without lemon added to the material.7 There 
was reduction in the amount of aspiration and a short-
ening of the oropharyngeal passage time when a sour 
bolus was applied. Likewise, our current results are simi-
lar to those of prior studies. Th e oropharyngeal passage 
times were shortened by the sour gustatory stimulation, 
which consequently lowered the chances of penetration-
aspiration. We believe that the reason for no statistically 
signifi cant diff erences of PTT and PDT is due to not only 
small sample size but also to the concentration of sour 
taste. Th e intensity of the sour gustatory receptor sensory 
input generally depends on the concentration of acid-
ity.6 Moreover the sensory thresholds for sour taste of the 
palate are higher than those of the tongue.10,11,18 However, 
this study was done using only with a certain concentra-
tion. We thought that the reason why the results of PTT 
and PDT are not statistically significant is that the con-
centration of the SOUR which may be enough to exceed 
the oral sensory threshold, but may not be enough to ex-
ceed the pharyngeal sensory threshold.

Despite the fact that the reflex cough is evoked by the 
aspiration of acid solution,13 there were only 3 patients 
who showed a reflex cough in our study. This may be 
caused by the exclusion of 10 patients on whom it was 
dangerous to proceed with the exam due to severe aspi-
ration. We could not perform the test on them due to the 
ethical problems related to aspiration pneumonia. More-
over, as the same assumption stated above, it may be also 
aff ected by the concentration of acidity which was insuf-
fi cient to exceed the sensory threshold of the pharyngeal 
refl ex. Further studies are needed in larger sample sizes 
and diff erent concentrations of sour taste. 

Swallowing is infl uenced by the characteristics of food.3 
There are differences between single and mixed con-
sistencies that affect the physiology of swallowing.2,3 In 
our study, additionally, there was an improvement of 
swallowing in sour taste. As the generally followed VFSS 
protocol is not enough to reflect the regular diet, other 
factors which aff ect the physiology of swallowing, such as 
sour taste and mixed consistencies, would provide more 
detailed results if included in the test.

Swallowing itself is the best treatment for improv-
ing swallowing in dysphagia patients.19,20 However, due 
to risks, such as aspiration pneumonia, it is not safe to 
practice swallowing with any random material. There-
fore VFSS is performed by changing only the viscosity of 
the material swallowed in order to determine the best 
viscosity for the therapeutic diet.1,21 Th e protocol gener-
ally followed for VFSS measures only viscosity. However, 
our results have shown that patients may have different 
chances of aspiration depending on the presence of sour 
taste at the same viscosity. Furthermore, other studies 
suggest that sensory stimulation therapy using sour taste 
could improve swallowing.7,8,22 Th us we recommend con-
sidering the use of sour tasting material for swallowing as 
a treatment for dysphagia. For example, there may be a 
patient who has shown safer swallowing with sour tasting 
material, as compared to one without taste at the same 
viscosity. For those patients, we recommend considering 
the use of a sour tasting material as the safer therapeutic 
diet at the same viscosity. Th erefore, further studies are 
needed that focus on VFSS protocols that include sour 
taste and on its adequacy. 

Th is study also had other limitations. First, the partici-
pants performed each liquid test only twice. We could 
not perform each session more often due to the ethics 
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related to radiation exposure. Second, we did not com-
pare the results with other tastes. Further studies with 
various gustatory stimulations are needed. Th ird, the gag 
refl ex is often used as the clinical assessment of dyspha-
gia and a defi cit of pharyngeal sensation has been known 
as the sensitive predictor of aspiration in acute stroke.23 
If these factors were included in our study, it would be 
more meaningful research. However, we did not investi-
gate with them in this study. Further studies are needed 
focused on these factors.

CONCLUSION

The sour taste could enhance sensorimotor feedback 
in the oropharynx, thus lowering the chances of penetra-
tion-aspiration caused by shortening of the oropharyn-
geal passage times. Th ere was no signifi cant diff erence in 
the presence of refl ex cough produced between LIQUID 
and SOUR. 
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