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Abstract
This study aimed to develop a simple method to assess the stereognostic ability of the tongue in elderly. The
stereognostic ability was assessed by placing 6 differently-shaped test pieces in the oral cavity and assessing the
subjects’ ability to identify the shape using their tongues. These test pieces were selected from 20 test pieces that
were previously used for detailed analysis of stereognostic ability of the tongue. Stereognostic ability of the tongue
in elderly subjects was compared with young adults. In total, 188 out of 198 young adults (94.9% of subjects), 26 out
of 60 elderly (43.3%) not receiving care, and 1 out of 18 elderly (5.5%) receiving care could identify all 6 test pieces
correctly. The most misidentified piece was a rectangular test piece and it was recognized as the test piece of the
same size without corners, and vice versa.
When 35 elderly who were not receiving care were assessed using either 6 or 20 test pieces, the number
of correct responses for the 6 test pieces showed a significant positive correlation with those for 20 test pieces
(p<0.001).
These results indicate that the method using just 6 test pieces is a simple yet effective approach to assess
stereognostic ability of the tongue and that it could be used in future assessments with larger and more diverse
patient populations.
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Introduction
Oropharyngeal swallowing disorders are a common problem,
especially in the elderly or patients with cerebrovascular disorders
and can cause a decline in their quality of life, aspiration pneumonia,
dehydration, malnutrition, and even death [1-4]. Assessments and
treatments for patients with oropharyngeal dysphagia have thus become
important due to a progressive increase in the elderly population [5].
The tongue plays important roles in mastication and swallowing
[6]. The functions of the tongue in oropharyngeal swallowing have
been evaluated primarily in terms of motor impairment, such as
active range of tongue motion, symmetry at rest, during protrusion,
lateralization and elevation, and strength in protrusion, or by items
such as bolus formation, tongue-to-palate contact, residue in the
oral cavity, premature bolus loss, and oral transit time obtained with
video fluoroscopic studies [7-9]. Hans et al. [8] studied through video
fluoroscopy, prognostic factors that affect the recovery of swallowing
function of stroke patients and reported that scores for functions of the
tongue were very high, 30-42, in the video fluoroscopic dysphagia scale
with a sum of 100. It is well known that sensory feedback is important
in motor control and learning [10]. During reaching movements,
the application of visual feedback supports the somatic sensory
(proprioceptive) feedback. However, somatic sensation is the only
feedback source in the oral cavity during the oral phase of oropharyngeal
swallowing. The size and shape of an intraoral bolus of food provides
oral sensory information important for oropharyngeal swallowing
and the tongue is responsible for oral stereognosis [11-16]. However,
the relationships between decrease in oral sensory and tongue motor
disability or dysphasia and rehabilitation focused on the recovery of
sensory functions have not been thoroughly examined. With the aim
of evaluating these relationships, we previously showed that a test that
involved identifying 20 different shapes of test pieces in the mouth was
Aging Sci
ISSN: 2329-8847 2329-8847, an open access journal

effective for detailed analysis of stereognostic ability of the tongue [17].
However, completing the test using 20 test pieces seemed difficult for
many elderly. This difficulty prompted us to simplify the method of
evaluation for further research, such as assessments in a larger number
of elderly, in patients with cerebrovascular disorders, and in clinical
application such as oral rehabilitation.
In this study, we investigated the differences of stereognostic
activity of the tongue between young adults and elderly using 6 test
pieces selected from the 20 test pieces and showed that only 6 test pieces
can sufficiently and effectively assess the difference in the activity in the
above two groups and even in healthy elderly and elderly receiving care.

Materials and Methods
Subjects
The subjects were composed of three groups. Two groups were198
young adults (young adult group; students of Kyushu Dental University;
115 males, 83 females; mean age: 24.4 years; age range: 23 to 31 years)
and 60 elderly (healthy elderly group; residents of two nursing homes
who were not receiving nursing care; 14 males, 46 females; mean age:
80.1 years; age range: 65 to 92 years), without masticatory or swallowing
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The test procedure was as follows: The test was carried out between
2:00-5:00 p.m. in a quiet environment where the subjects were seated
comfortably in an upright position. With the eyes closed, the subjects
put out their tongues, and one of 20 test pieces in the 20TP test (6
test pieces in the 6TP test) was randomly selected and placed on the
middle of the tongue. The subjects were asked to move the piece in their
mouths without it touching the teeth or gums to determine its shape,
and choose the corresponding shape from pictures of the 20 variously
shaped test pieces (6 test pieces in the 6TP test). The test was completed
when all 20 test pieces (6 test pieces in the 6TP test) had been evaluated
in this manner. It was possible for the subjects to choose the same test
piece multiple times in their responses. The subjects were not informed
whether or not their responses were correct. In the 20TP test the test
was repeated four times for the same individual, and in the 6TP test, one
time. The 20TP and 6TP tests in the same individual were carried out
immediately without rest period. Analyses of data were performed to
determine the stereognostic ability of the tongue, because it had already
been shown that covering the palate does not affect oral stereognostic
ability [19].

Statistical analysis
A chi-square test was utilized for examining the association between
the number of subjects with all correct answers and groups. A one-way
ANOVA test and Tukey’s HSD were used for multiple comparisons
among three or more independent groups after a Bartlett test. p-values
less than 0.05 were considered significant.
Figure 1: The 20 and 6 different shapes of test pieces used in the 20PT (A)
and 6PT (B) test.

Results
Assessment of stereognostic ability of the tongue in young
adults

dysfunction. The other group included 18 subjects receiving care at
their own home (cared elderly group; 4 males, 14 females; mean age:
71.3 years; age range: 56 to 91 years). This group received care for their
daily activities provided by workers who came to their homes under
the public nursing-care insurance system. Their scores for necessity
of care were 1-3; the highest care score is 5, which is the score for
people confined to bed. None of them showed obvious masticatory or
swallowing dysfunction although some needed help in eating.

In the 6TP test, 188 out of 198 young adults (94.9% of subjects)
could identify all 6 test pieces correctly (Table 1). The numbers of
correct responses of the 8 and 2 subjects out of the 10 subjects (5 males,
5 females) who could not identify all test pieces perfectly were 5 and 4,
respectively. Figure 2 shows the actual test piece inserted into the mouth

Approval for the study protocol was obtained from the ethics
committee of Kyushu Dental University. Written consent was obtained
from all subjects following sufficient explanation of the purpose and
content of the research.

Young adult

188

10

198

Healthy elderly

26

34

60

Cared elderly

1

17

18

Assessment of stereognostic ability of the tongue
To assess the stereognostic ability of the tongue, we used a
method whereby the shape of intraoral test pieces was evaluated, as
previously described [17]. We assessed the stereognostic ability using
two methods in which several polyethylene test pieces (13-mm length,
2-mm thickness) were used. The test pieces are shown in Figure 1. The
methods using 20 and 6 different shapes of test piece are referred to
as the 20TP and 6TP tests, respectively. The test pieces were based on
shapes developed by the American National Institute of Health [18].
A fine thread (diameter: 0.2 mm) was attached to each test piece to
prevent choking. The 6 test pieces were selected from the 20 test pieces
on the basis of ability to detect differences in simple but different
shapes, similar but different-sized shapes, and similar but absence or
presence of angles: No. 1 and 3 from the polygonal-shaped group, No.
13 and 15 from the convex-shaped group with no corners and ends
swelling convexly, and No. 6 and 10, which are very different from No.
1, 3, 13 and 15.
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Number of subjects
Group

All 6 correct answers 1 or more incorrect answers Total

Table 1: Number of subjects with all correct answers and one or more incorrect
answers in the three groups.

Figure 2: Misidentified shapes by young adults. A (Horizontal): The actual test
piece inserted into the mouth; B (Vertical): The test piece chosen by subjects.
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and the test piece chosen incorrectly by the 10 subjects. In most cases of
misidentification, No. 1 was misidentified as the similar No. 15, and vice
versa. The number of correct responses of these 10 subjects in the 20TP
test was from10.5 to 17.5 (mean ± SD: 13.3 ± 2.5), and the number of
correct responses of 198 young adults in the 20TP test was 16.6 ± 2.2.

Assessment of stereognostic ability of the tongue in healthy
elderly
In the 6TP test, 26 out of 60 healthy elderly (43.3%) could identify
all 6 test pieces (Table 1). The subjects who made 1, 2, 3, 5 and 6
misidentifications in the 6TP test were 17, 12, 3, 1 and 1 out of the 34
subjects, respectively. Figure 3 shows the actual test piece inserted into
the mouth and the test piece chosen incorrectly by the 34 subjects.
Many subjects, 20 elderly, misidentified No.15 as No.1.

Assessment of tongue stereognostic ability in cared elderly
In the 6TP test, only one out of 18 cared elderly (5.5%) could
identify all 6 test pieces (Table 1). The test pieces chosen incorrectly
by the 17 subjects are shown in Figure 4. The most cases of
misidentification were between No. 1 and 15, the same as the other
two groups. In addition, there were various kinds of misidentifications,
such as the case of misidentification of No.13. Six out of 8 healthy
elderly misidentified No.13 as No.3 (Figure 3). On the other hand, this
misidentification occurred in only 2 out of 7 cared elderly and there
were misidentifications as No.6 or No.10, which were not observed in
the healthy elderly (Figure 4).

Figure 4: Misidentified shapes by subjects receiving care. A (Horizontal): The
actual test piece inserted into the mouth; B (Vertical): The test piece chosen
by subjects.

Figure 5: Correlation between number of correct responses in the 20PT
and 6PT tests performed by elderly subjects who were not receiving care. a:
P<0.05, b :P<0.01 versus 0~3 group; c: P<0.02 versus 4 group.

There was a significant difference in the number of subjects who
could correctly identify all 6 test pieces in the young adult, healthy
elderly and cared elderly groups (p<0.001) (Table 1).

Relationship between number of correct responses in 20PT
and 6PT tests in healthy elderly

Figure 3: Misidentified shapes by elderly who were not receiving care. A
(Horizontal): The actual test piece inserted into the mouth; B (Vertical): The
test piece chosen by subjects. a: Subject could not recognize the shape.
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Stereognostic ability of the tongue in 35 (residents of one of two
nursing homes, 6 males, 29 females; mean age: 81.8 years) out of 60
healthy elderly was also assessed using the 20TP test. The number of
correct responses in the 20TP test was 9.6 ± 2.5 when the subjects were
tested 4 times. In the 6TP test, 16 out of 35 subjects (45.7%) could
identify all 6 test pieces perfectly. Figure 5 shows the relationship
between the number of correct responses in the 20TP and 6TP tests
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of the subjects. In the comparison of the 20TP and 6TP tests, the
values obtained from the first test in the 20TP test, not the mean of
the 4 tests, were used. The numbers of correct responses in the 20TP
test of the subjects whose numbers of correct responses were 0~3, 4,
5 and 6 in the 6TP test were 4.8 ± 1.0, 8.0 ± 1.1, 10.6 ± 1.8, and 11.4 ±
2.3, respectively. The number of correct responses in the 20PT test was
proportional to that in the 6PT test, showing a significant difference
in one-way ANOVA (p<0.001). The group with a perfect score on 6TP
showed significantly higher scores in the 20TP test than the groups with
6TP scores of 0-3 or 4. The numbers of correct responses in 20TP for
those with scores of 4 and 5 in 6TP were significantly higher than those
with a 6TP score of 1-3.

Discussion
In the rehabilitation of masticatory and swallowing functions,
to improve physical function, the recovery of sensory function is
also desirable because of the importance of sensory feedback for
motor control and learning [20-25]. With the aim of evaluating the
relationships between tongue sensory and motor dysfunction and the
goal of developing a rehabilitation method that targets recovery of the
oral sensory function, we previously investigated and reported the
ability of young adults and the elderly to recognize the size and shape
of items by using the tongue [17]. The method in which 20 different
shapes of test pieces are used is effective for detailed analysis of
stereognostic ability of the tongue, but completing the test was difficult
for the elderly. Therefore, for use in further research, such as assessment
and treatment of a larger number of elderly and patients, a simpler
method of evaluation is needed. Therefore, we examined whether or
not the difference in oral stereognostic ability among young adults and
the elderly who receive care or not could be detected by an assessment
using only 6 test pieces, which were selected from the 20 test pieces.
The rationale for selection of the 6 test pieces was as follows: In a
previous report [17], the test pieces were categorized into the following
6 groups: polygonal (No. 1 to 4), triangular (No. 5 to 7), star-shaped
(No. 8 to 10), circular-shaped (No. 11, 12), convex-shaped with no
corners and convex ends (No. 13 to 16), and concave-shaped pieces
with no corners and a concave middle (No. 17 to 20). In that study,
we also discussed in detail what kind of sensory information is needed
to perform stereognosis, which can be decreased in the elderly. The
results suggested that sensory information characteristic of the shapes
in a specific group, the contact area between the tongue and test piece,
the shape of the test objects with angles, and asymmetrical shape are
clues for recognition of shapes. There have been several reports on
clues for recognition of shapes [16,24,26,27]. Although the shapes and
numbers of test pieces used in those reports differed from those in our
research, similar clues for identification of shapes were suggested. Thus,
we selected 6 test pieces on the basis of abilities to detect differences
in simple but different shapes, similar but different-sized shapes, and
similar shapes but with or without angles.
In addition to our study, there have been some reports that oral
stereognostic ability of young adults is quite high [11,12,25]. For the
198 young adults in this study, the mean number of correct responses
in the 20TP test was 16.6 ± 2.2. In the 6TP test, almost all of the subjects
could identify all test pieces perfectly and only 10 subjects could not.
Misidentification between No. 1 and 15 was the most frequent mistake;
the total number of subjects who misidentified No. 1 as No. 15 was 4
and the total number of subjects who misidentified No. 15 as No. 1
was also 4. It was considered that they could not recognize whether
or not the test piece had angles because the contact area between the
tongue and the test piece was small. There were subjects who could not
Aging Sci
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recognize simple forms like No. 3 (n=3) and No. 13 (n=1). They seemed
to have trouble as a result of the large contact area. Our study and others
have also reported that oral stereognostic ability decreases with age [2631]. The ratio of elderly who do not need care and could identify all test
pieces perfectly was significantly lower than that of young adults. Most
cases of misidentification were the same as seen in the young adults:
misidentification between No. 1 and 15. The total numbers of elderly
subjects who misidentified No. 1 as No. 15 and misidentified No. 15 as
No. 1 were 20 and 5, respectively. This misidentification was remarkably
increased compared to the group of young adults. The second most
common misidentification was that of No. 13 as No. 3 (n=8). About
70 percent (n=22) of 34 subjects who misidentified test pieces in the
6TP test made these mistakes described above. They seemed unable
to determine whether or not there were angles in simple shapes. Most
subjects who misidentified more than 2 pieces made mistakes in
identification of other shapes in addition to the 2 misidentifications
described above. It has been reported that many elderly receiving care
have masticatory or swallowing dysfunction [32]. Even in our subjects
receiving care without eating or swallowing dysfunction, although
the sample size was small compared to the other 2 groups, the ratio of
subjects who could identify all test pieces was much lower than that in
the elderly who did not need care. Most subjects misidentified more
than one piece. The variety in the misidentification also increased, and
in most misidentifications, inferring the cause of these is difficult.
In 35 elderly who were examined in both the 6TP and 20TP tests,
the number of correct responses in the 6PT test had a significant
positive correlation to those in the 20PT test (p<0.001 by one-way
ANOVA). This result indicated that the decrease in stereognostic ability
of the tongue could be detected by the 6TP test. The reasons why the
test was conducted only once were to exclude any learning effect with
the small number of test pieces and also in consideration of the elderly
subjects’ attitude, which was not refusal but nor was it positive toward
the test. Even in the one-time test, we detected a large difference in the
ratio of subjects who could identify all 6 shapes: about 95% of young
adults and about 44% of healthy elderly. Moreover, there was a high
correlation between the number of correct responses in the 6PT and
20PT tests among the elderly subjects.
Oral functions in patients with stroke and Parkinson’s disease have
been studied [33-35]. Reduced oral sensations or cognitive function
in patients with stroke, dementia, and neurodegenerative diseases
might cause inability to feel or localize the food in the mouth and may
further cause prolongation of the oral transit time or result in residual
food in the oral cavity [36,37]. However, the relationship between
oral stereognostic ability and oropharyngeal functions, including oral
preparatory phase, oral transport phase or pharyngeal phase, has not
been investigated in these patients. Similar to the elderly subjects,
tolerating complicated assessment is generally difficult for these
patients due to their difficulties in cognitive function or endurance.
In the future, this oral stereognostic ability test using 6 test pieces
may have potential for clinical applications due to its convenience. In
addition, reduction of test pieces may assist in recent oral rehabilitation
approaches for improvement of oral stereognostic ability in elderly
patients. Previously, for elderly in their 80’s, we suggested the possibility
of improving their stereognostic ability through training using 20 test
pieces, and a significant difference was observed regarding the number
of correct responses between before and after the training [17]. It may
be beneficial for elderly or patients with difficulties in oral stereognostic
ability or oropharyngeal dysphagia to use these 6 test pieces as training
after adjustments in number, i.e. gradual increases from easier to more
difficult according to individual oral stereognostic ability score.
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