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Objective  To investigate the relationship between removable dentures and swallowing and describe risks.
Methods  Twenty-four patients with removable dentures who were referred for videofluoroscopic swallowing 
study (VFSS) were enrolled. We evaluated the change of swallowing function using VFSS before and after the 
removal of the removable denture. The masticatory performance by Kazunori’s method, sensation of oral cavity by 
Christian’s method, underlying disease, and National Institutes of Health Stroke Scale for level of consciousness 
were collected. Functional dysphagia scales, including the oral transit time (OTT), pharyngeal transit time (PTT), 
percentage of oral residue, percentage of pharyngeal residue, oropharyngeal swallow efficiency (OPSE), and 
presence of aspiration were measured. 
Results  Four patients dropped out and 20 patients were analyzed (stroke, 13 patients; pneumonia, 3 patients; 
and others, 4 patients). The mean age was 73.3±11.4 years. There were significant differences before and after 
the removal of the denture for the OTT. OTT was significantly less after the removal of the denture (8.87 vs. 4.38 
seconds, p=0.01). OPSE increased remarkably after the removal of the denture, but without significance (18.24%/
sec vs. 25.26%/sec, p=0.05). The OTT and OPSE, while donning a removable denture, were correlated with the 
masticatory performance (OTT, p=0.04; OPSE, p=0.003) and sensation of oral cavity (OTT, p=0.006; OPSE, p=0.007).
Conclusion  A removable denture may have negative effects on swallowing, especially OTT and OPSE. These 
affects may be caused by impaired sensation of the oral cavity or masticatory performance induced by the 
removable denture.
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INTRODUCTION

Elderly patients often complain of declines in masti-
catory functions due to loss of teeth. Such patients fre-
quently wear dentures for mechanical gains, but improp-
er denture wear causing sensory declines occur on and 
around teeth can result in increased swallowing duration 
[1]. Sensory inputs in the oral cavity including taste are 
important in voluntary swallowing, and changes in tastes 
or sensory declines in the oral cavity cause remarkable 
changes in swallowing behavior [2]. Sensory changes oc-
cur after strokes [3], and these sensory changes raise the 
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risk of aspiration [4]. Changes in oral cavity environments 
and diseases that can cause oral sensory declines can 
cause dysphagia. We planned the present study to exam-
ine the association between denture wearing and dys-
phagia and identify risk factors for dysphagia in patients 
who use removable dentures.

MATERIALS AND METHODS

Subjects
The present study is a prospective, single group, clini-

cal series study conducted with patients using removable 
dentures among those patients for whom videofluoro-
scopic swallowing study (VFSS) was requested at the 
department of physical medicine and rehabilitation of 
Ulsan University Hospital between March 2011 and Feb-
ruary 2012. Patients who were using non-removable den-
tures (including implants), those who had any history of 
jaw arthritis, past history of anatomical damage, defects, 
or history of surgery on the laryngopharyngeal region 
and those who did not agree to participate in the study 
were excluded. The present study passed a deliberation 
by the Institutional Review Board for clinical studies 
(UUH 11-23) and was conducted after receiving written 
agreements from the patients or their protectors. 

Methods
Histories was taken for all the subjects regarding under-

lying diseases, and the subjects’ state of consciousness 
were classed into 0, 1, 2, and 3 in accordance with the 
National Institutes of Health Stroke Scale (NIHSS)-1a.

Evaluation of masticatory performance and sensation of 
oral cavity

To evaluate masticatory performance, the study method 
proposed by Kazunori et al. [5] was used with some mod-
ifications. After asking the subjects to chew a 2.5 cm×1.5 
cm×1.0 cm sized commercialized soft candy 30 times 
and spit it out, the gathered candy fragments were rinsed 
with flowing water to remove saliva. The candy fragments 
were put into 20 mL of distilled water and stirred for two 
minutes with a tongue depressor. The supernatant liquid 
was collected and the concentration of dissolved glucose 
was measured with a blood sugar meter. To eliminate the 
effects of temperature and humidity, the concentrations 
before and after mastication were compared at the time 

of every test to measure increment in the surface area of 
masticated candies. The subjects were divided into three 
groups: a group in which the surface area increased by 
0%—25%, a group in which the surface area increased 
by 25%—50%, and a group in which the surface area in-
creased by 50% or more. 

To evaluate sensation of oral cavity, the two point dis-
crimination test proposed by Guilleminault et al. [6] was 
used with modifications. The two point discrimination 
test is a composite sensory test used to measure when 
the distance before two points is felt as one point when 
two points are stimulated simultaneously. The method is 
to measure a distance at which the subjects could easily 
distinguish two points first and then gradually decrease 
the distance. Needles with non-sharp ends were fixed to 
pincers and the distances at the left/right side walls of the 
palate and the basal region of the uvula in random order 
were measured. The distances were measured in a unit of 
1 mm and the measurement was conducted two times at 
each site, six times in total. There were interval distance 
of at least 2 mm at each session and the subject took a 
rest for two minutes after each session. The averages were 
obtained and the subjects were divided into three groups: 
a group of shorter than 10 mm, a group from 10 to shorter 
than 15 mm, and a group of longer than 15 mm.

History taking, NIHSS and evaluation of masticatory 
performance and sensation of oral cavity were conducted 
by one researcher before the VFSS was conducted. 

Quantitative analysis using VFSS
VFSSs were conducted on the same day at the same 

place [7]. The aforementioned studies have high inter 
and intra test reliability. To avoid errors in the results of 
the VFSS due to nasogastric tubes, nasogastric tubes were 
removed from all the patients 20 minutes before the stud-
ies, and after removing secretions in the oral cavity and 
decompressing balloons in tracheostomy patients. One 
specialist in dysphagia in the rehabilitation medicine 
department implemented modified Logeman’s proto-
col [8]. The protocol was implemented after conducting 
the fluoroscopy when the patient was sitting laterally at 
the fluoroscope so that accurate anatomical structures 
were shown and while video-recording the fluoroscopic 
screens. In each study, dysphagia diet I, a mixture of 80 g 
of yogurt and 10 g of water-soluble barium, was used and 
the study began with the doctor’s instruction, “Swallow 
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it” after putting 30 g of the diet at a time into the mouth 
of the patient using a spoon. The study was conducted 
one time when the patient was wearing dentures. The 
dentures were removed, any test medium remaining in 
the pharyngolarynx was removed using coughing and 
double swallowing, any test medium remaining in the 
oral cavity was spit out and the oral cavity was rinsed us-
ing normal saline. The same process was repeated after a 
resting time of five minutes. After the study, the video was 
played, motions were captured and 2D quantitative anal-
yses were conducted using Adobe Photoshop CS3 (Adobe 
Systems Inc., San Jose, CA, USA) by the Department of 
Electrical Engineering, University of Ulsan. The pro-
duced data were read by a physiatrist. To avoid decreases 
in measured values due to masking caused by the radi-
opacity of dentures, the maximum area of the test diet 
gathered on the tongue when the mouth was open before 
swallowing began was measured and the maximum area 
of the test diet in the oral cavity when the mouth was 
open after swallowing was completed was measured. The 
definitions of the measured variables are as follows. Oral 
cavity transit time (OTT) is the time (second) from the 
moment at which the major bolus in the oral cavity began 
to move posterior to the moment at which the front end 
of the bolus arrived at the point of crossing between the 
lower edge of mandibular ramus and the tongue base, 
pharyngeal transit time (PTT) is the time (second) from 
the moment at which the front end of the bolus arrived at 
the point of crossing between the lower edge of mandib-
ular ramus and the tongue base to the moment at which 
the rear end of the bolus passed the cricopharyngeus, 
oral cavity residue is the percentage of bolus remaining 
in the oral cavity, pharyngeal residue is the percentage of 
bolus remaining in the pharynx, oropharyngeal swallow 
efficiency (OPSE) is the value obtained by dividing the 
fraction of bolus swallowed through the esophagus by the 
total time taken to pass the oropharynx and aspiration is 
the passing through the vocal fold of foods [9].

Statistics
Data were statistically analyzed using SPSS ver. 17.0 

(SPSS Inc., Chicago, IL, USA). The significance level (α) 
was set to 0.5 based on p-value <0.05. The power was 
specified at 80% and the drop-out rate was predicted at 
20%. The OPSE index data in this author’s previous study 
[9] were used to calculate the standardized difference of 

2 using the minimum value of mean differences at 2%/
sec and the standard deviation of reaction differences at 
2%/sec. The sample size requirement of 20 was obtained 
using the Altman’s nomogram and the drop rate was 
compensated to calculate the number of patients neces-
sary for the study at 24. Values obtained by log substitut-
ing individual measured values were used. Normality 
was checked using the normal quantile-quantile plot, 
histograms, and the Kolmogorov-Smirnov test. Non-
parametric methods were used in for non-normally dis-
tributed data. Changes in the OTT, PTT, percentage of 
oral residue, percentage of pharyngeal residue and OPSE 
were analyzed using paired Student’s t-tests in relation to 
whether dentures were worn or not. For variables show-
ing significant changes among the aforementioned vari-
ables were analyzed among subgroups of the state of con-
sciousness, underlying disease, masticatory performance 
and sensation of oral cavity using the non-parametric 
Kruskal-Wallis. 

RESULTS

Demographic information on the study subjects
The mean age of the study subjects was 73.3±11.42 

years and the study subjects consisted of 10 males and 
10 females. As underlying diseases, 13 had stroke, 3 had 
pneumonia, and 4 had other diseases. As for the state of 
consciousness, under NIHSS-1a, 15 subjects score 0, 4 
scored 1, and 1 subject 2. The masticatory performance 
of the subjects were analyzed, and 7 had less than 25% 
abilities, 9 had 25%—50% abilities and 4 had 50% or high-
er abilities. Sensation of oral cavity were analyzed and 8 
subjects showed shorter than 10 mm distances, 4 sub-
jects showed 10—15 mm and 8 showed 15 mm or longer 
distances (Table 1). 

Changes in functional swallowing/dysphagia scales in 
relation to whether dentures were worn or not

Changes in functional dysphagia scales were examined 
in individual patients and according to the results, OTTs 
were shortened when dentures were removed compared 
to when dentures were worn and the differences were 
statistically significant (8.87 vs. 4.38 seconds, p=0.013). 
OPSE tended to increase when dentures were removed 
compared to when dentures were worn although the dif-
ferences were not statistically significant (18.24%/sec 
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vs. 25.26%/sec, p=0.053). PTTs, OTTs and percentage of 
pharyngeal residues did not differ significantly between 
when dentures were removed and when dentures were 
worn (Table 2).

Changes in aspiration between when dentures were 
worn and when dentures were removed

When dentures were worn, four out of the entire 20 sub-
jects showed aspiration (20%). Although no statistically 
significant differences were seen between the groups, 
when dentures were removed, aspiration occurred only 
in two out of the four who showed aspiration when den-

tures were worn (10%). 

Relationships between OTT/OPSE and the state of 
consciousness/masticatory performance/sensation of 
oral cavity/underlying disease

OTTs that were statistically significantly shortened 
when dentures were removed compared to when den-
tures were worn and OPSE that tended to increase al-
though significantly were analyzed separately for sub-
groups divided on the state of consciousness, masticatory 
performance, sensation of oral cavity and underlying dis-
ease. The OTTs and OPSE measured when dentures were 
worn showed significant differences among the levels 
of the patients’ masticatory performance (OTT, p=0.04; 
OPSE, p=0.003). The OTTs and OPSE measured when 
dentures were worn also showed significant differences 
among the levels of the patients’ sensation of oral cav-
ity (OTT, p=0.006; OPSE, p=0.007). The OTTs and OPSE 
measured when dentures were worn did not show any 
significant associations with the states of consciousness 
or underlying disease (Table 3). 

DISCUSSION

The present study attempted to examine the effects of 
removable denture on swallowing and utilize the results 
in rehabilitation of dysphagia patients. Changes in func-
tional dysphagia scales between when dentures were 
worn and when dentures were removed were observed 
and OTTs were statistically significantly shortened when 
dentures were removed compared to when dentures were 
worn. OPSE showed tended to increase although not sta-
tistically significant. The OTTs and OPSE differed signifi-
cantly among the levels of masticatory performance and 
the threshold values of sensation of oral cavity. Based 
on these results, the delays in OTTs and the decreases in 

Table 1. Demographic characteristics of subjects (n=20)

Characteristic No. (%)
Age (yr), mean±SD (range) 73.3±11.42 (52–90)

Sex (male:female) 10:10

Preceding disease

Stroke 13 (65)

Pneumonia 3 (15)

Others 4 (20)

Level of consciousness (NIHSS-1a)

0 15 (75)

1 4 (20)

2 1 (5)

Masticatory performance (%)

<1.25 7 (35)

1.25–1.5 9 (45)

≥1.5 4 (20)

Sensation of oral cavity (mm)

<10 8 (40)

10–15 4 (20)

≥15 8 (40)

SD, standard deviation; NIHSS, National Institutes of 
Health Stroke Scale.

Table 2. Comparison of the functional dysphasia scale

logOTT logOPSE logPTT logORES logPRES
WD 0.73±0.44 1.09±0.40 0.15±0.52 1.06±0.48 1.22±0.46

WOD 0.37±0.49 1.26±0.38 0.26±0.55 1.13±0.37 1.25±0.43

WD-WOD 0.35±0.57 -0.17±0.37 -0.11±0.56 -0.06±0.40 -0.03±0.37

p-value 0.013 0.053 0.393 0.607 0.757

Values are mean±standard deviation.
OTT, oral transit time; OPSE, oropharyngeal swallow efficiency; PTT, pharyngeal transit time; ORES, percentage of oral 
residue; PRES, percentage of pharyngeal residue; WD, with denture; WOD, without denture.
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OPSE observed after dentures were worn can be consid-
ered attributable to changes in masticatory performance 
or sensation of oral cavity due to denture wearing. 

In the present study, delays in OTTs were observed 
after denture wearing. Sensory inputs in the oral cavity 
including tastes play important roles in normal control of 
voluntary swallowing [2,10,11]. Local oropharyngeal an-
esthesia reduces senses or motor activities [2,12,13], and 
dentures or implants reduce sensation in the oral cavity 
[14].

Improper denture wearing increases swallowing dura-
tion [1] and this change differs between complete den-
tures and partial dentures [15,16]. When dentures are 
removed, the tip of the tongue protrudes and thus the 
upward movements of the hyoid and the anterior move-
ments of the larynx occur more easily then when den-
tures were worn [17], and as a result of this change, the 
opening of the upper esophageal sphincter increases and 
swallowing duration shortened [18]. Decreases in swal-

lowing durations of edentulous patients were observed 
when dentures were removed compared to when den-
tures were worn [19]. Declines in sensation of oral cavity 
due to denture wearing, instability due to improper den-
ture wearing or changes in tongue movements caused 
delays in OTTs. Although not considered in the present 
study, evaluation of the instability of dentures should be 
conducted to individually approach the effects of the in-
stability of dentures on swallowing functions and the ef-
fects of declines in sensation of oral cavity on swallowing 
functions. Besides, since aging deteriorates swallowing 
functions [20], subgroup analysis by age is also necessary.

In the present study, OPSE tending to decrease was ob-
served when dentures were worn although the decreases 
were not statistically significant.

OPSE is a method to quantify the ability to transport 
foods from the oral cavity and the pharynx to the esopha-
gus [21], and is closely correlated with OTT [22]. It may 
decrease when the amount of swallowed foods decreases, 

Table 3. Relationship between functional dysphasia scale and level of consciousness, masticatory performance, sensa-
tion of oral cavity, and underlying disease

logOTT WD logOTT WOD logOPSE WD logOPSE WOD
NIHSS-1a

0 9.87 11.27 11.60 10.80

1 11.25 5.25 7.75 11.75

2 17.00 20.00 5.00 1.00

p-value 0.486 0.050 0.325 0.247

Underlying disease

Pneumonia 11.33 13.33 6.00 5.33

Stroke 10.62 8.54 10.92 11.92

Others 9.50 14.75 12.50 9.75

p-value 0.915 0.124 0.323 0.212

Masticatory performance (%)

<1.25 14.71 10.71 4.57 7.29

1.25–1.5 7.22 9.89 14.78 13.56

≥1.5 10.50 11.50 11.25 9.25

p-value 0.043 0.896 0.003 0.098

Sensation of oral cavity (mm)

<10 8.25 11.88 13.88 11.25

10–15 5.00 4.75 14.00 14.75

≥15 15.50 12.00 5.38 7.63

p-value 0.006 0.094 0.007 0.130

Values are average of the ranks.
NIHSS, National Institutes of Health Stroke Scale; OTT, oral transit time; OPSE, oropharyngeal swallow efficiency; WD, 
with denture; WOD, without denture.
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esophageal aspiration increases or passing times (OTT, 
PTT) increase [22]. Based on the foregoing, it is thought 
that denture wearing may reduce the swallowing volume 
or increase aspiration. However, as seen in the present 
study, decreases in OPSE due to delay in OTTs should be 
also considered besides denture wearing. 

Airway protection is very important in swallowing. If 
the airway is not protected, aspiration may occur result-
ing in serious complications. In the present study, chang-
es of aspiration were checked depending on denture 
wearing. When dentures were worn, four out of the entire 
20 subjects showed aspiration and when dentures were 
removed, aspiration occurred in only two out of the four 
who showed aspiration when dentures were worn and 
not in the remaining two. Oropharyngeal local anesthesia 
causes oropharyngeal dysphagia and even aspiration [23]. 
Possibly sensory declines in the oral cavity due to denture 
wearing cause aspiration. However, in the present study, 
the association was not statistically significant since the 
number of patients in whom aspiration occurred was not 
large enough. However, the association between denture 
wearing and aspiration can be deduced from the fact that 
when dentures were removed aspiration did not newly 
occur in any patients and that aspiration did not occur 
in two out of four subjects in whom aspiration occurred 
when dentures were worn. Additional studies are neces-
sary. 

Limitations of the present study are: first, it is a single 
center study. Second, the order of states where denture 
were worn and the states where debenture were removed 
was not randomly set. Third, in the case of patients with 
unclear consciousness, studies were not accurately con-
ducted because these patients did not cooperate well in 
the two point discrimination test and the evaluation of 
masticatory performance. Fourth, subgroups were not 
set based on the types of dentures, materials, sizes and 
installed positions and thus biases due to the foregoing 
could not be removed. Fifth, the results of the present 
study are limited to the dysphagia diet I used in the tests. 
Therefore, if these limitations are complemented and 
randomized studies are conducted with different types 
of dentures and different levels of viscosity of diets, more 
meaningful study results for the effects of dentures on 
swallowing may be produced.

In the present study, changes in functional dysphagia 
scales between when dentures were worn and when 

dentures were removed were analyzed among patients 
who were using dentures. Due to denture wearing, OTTs 
were delayed and OPSE showed a decreasing tendency 
although the decreases were not statistically significant. 
These changes were significantly associated with masti-
catory performance and sensation of the oral cavity. 
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