
The purpose of this study was to determine the
effect of aging on the tactile and pain sensitivity,
and the factors influencing threshold change in the
oral mucosa using Semmes-Weinstein Pressure
Aesthesiometer. The touch and pain thresholds of
81 healthy elderly (40 males and 41 females, 77 ±
4.5 years) were compared with those of 58 young
volunteers (27 males and 31 females, 27 ± 2.5
years). We measured the pain thresholds, the
touch thresholds, PCR score and amount of sali-
vation. Semmes-Weinstein Pressure Aesthes-
iometer was applied to 9 points in the oral region
and 4 points in the hands; the dorsum manus, the
palma manus, the incisive papilla, the palatal
mucosa, the buccal mucosa, the margin of the
tongue, and the dorsum of the tongue. Elderly sub-
jects showed significantly higher touch thresh-
olds than those of young subjects in the dorsum
manus, the palma manus, the buccal mucosa, the
incisive papilla, the margin of the tongue, and the
dorsum of the tongue (P < 0.05). The pain thresh-
olds of elderly subjects were significantly lower
than those of young subjects in the buccal
mucosa and the palatal mucosa (P < 0.05). The
touch threshold was not influenced by the smoking

habit, denture and amount of salivation. The pain
threshold was influenced by the denture on the
palate.
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Introduction

Many of the elderly have difficulties with their den-
tures. These difficulties are mainly caused by the
decrease of salivation and the change of the
mechanosensitivity in the oral mucosa.

Many studies have recorded experimental results on
the touch and pain thresholds1-4. Some authors also
reported aging effects on the sensation in the orofacial
region. Wohlert5 indicated that spatial acuity at the lip
vermilion decreased significantly in the elderly and that
females tend to have better acuity than men in two-
point discrimination. Besne et al.6 reported that epider-
mal innervation in the face decreases with aging.
There has been, however, no research on the quanti-
tative effects of aging in terms of oral sensation.

We paid a particular attention to the touch and pain
thresholds in the oral mucosa and the skin of hands.
We examined the influence of aging, salivation, the
smoking habit, presence of denture on palate, plaque
control record (PCR) score to the mechanosensitivity of
the oral mucosa. The purpose of this study was to
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determine the effects of aging on tactile and pain sen-
sations in the oral mucosa, and to determine the factors
influencing threshold change in the oral mucosa. In
addition, the touch and pain thresholds in the skin of the
palma manus and the dorsum manus were also mea-
sured in the same subjects to examine the difference
between the effects of aging on the oral mucosa and
the skin.

Materials and methods

Subjects
Eighty one elderly (40 males and 41 females; age

range 70 to 91 years, 77 ± 4.5 years [mean ± standard
deviation]) and 58 young volunteers (27 males and 31
females; age range 21 to 34 years, 27 ± 2.5 years)
were recruited for this research. All subjects did not
have pain in the orofacial region, history of orofacial
trauma, nor general diseases. They were not taking
medicine. All subjects were informed of the purpose of
this study, safety, risks, benefits, protection of privacy,
and signed written consent forms. The methods were
approved by the Ethics Committee of the Tokyo
Medical and Dental University (2005.8.3 Admission No.
160).

Measurements
One of the authors carried out all the measurements,

that are the measurement of the amount of salivation,
mechanosensitivities of the oral mucosa, and oral

cleanliness. All measurements were executed in a
noise-free room under approximately constant temper-
ature and barometric pressure, and moderate lighting.

Followings are how to carry out each measure-
ment.
(A) Salivation

A subject chewed a sheet of polyester film (4 cm ×
4 cm of ParafilmTM) for 10 minutes. Saliva secreted dur-
ing this period was gathered in a cup and its amount
was measured.
(B) Mechanosensitivity

The touch and pain thresholds of the oral mucosa
and the skin of the hands were determined with
Semmes-Weinstein monofilamentsTM (US Neuro-
logicals, USA). (Fig. 1)7-9 We confirmed the repeatabil-
ity of this measurement in the preliminary study.

Subjects were seated in a supine position of a dental
chair with their heads on the headrest and their eyes
closed. The touch and pain thresholds were measured
at 9 sites in the oral region and 4 sites in the skin of the
hands (Fig. 2). The measurement of the touch thresh-
old was followed by that of the pain threshold.

For measurement of the touch threshold, filaments
were placed vertically to the surface of the skin or
mucosa. A pressure was applied for approximately
1.5 s through the filament within the elastic limit of it. At
each site, a thinnest filament was applied first, and then
the thicker filaments were applied step by step. The
subject raised his/her hand when he/she recognized a
tactile sensation from the filament and reported the site.
The handlemark (Hm) of the filament was recorded as
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Fig. 1. S-W monofilaments; Application of S-W monofilament to intraoral testing site.



the touch threshold if the reported site and the stimu-
lated site is the same. The Hm is defined as Hm =
Log10[Force(gw) × 104], and its value was used in the
touch and pain thresholds (Table 1).

The measurement of the pain threshold started 30
seconds after the measurement of the touch threshold.
Mechanical stimuli were applied by S-W monofila-
ments in the same way as the measurement as the
touch threshold. The stimuli started from the filament
corresponding to the touch threshold in the same site,
and then the thicker filaments were applied step by
step. The subjects were instructed to raise their hand
when they feel a prick pain, the strength of which was
equivalent to the value of 3 cm on the visual analog
scale (VAS). The Hm of the filament was recorded as
the pain threshold when the subject raised his/her
hand. When a subject showed no positive response to
the stimulus with the thickest filament (Hm = 6.65), the
value 6.65 was recorded as the pain threshold.
Thresholds of right and left side of the same site
(tongue, the buccal mucosa, etc.) are averaged to give
a single value. S-W monofilaments were sterilized
with the rubbing alcohol.

(C) Plaque control record (PCR)
All the teeth of a subject were dyed with a plaque

detection dye. The ratio of the area that was dyed red to
the total area of all teeth, the ratio that is called PCR,
was determined.

Statistical analyses
The touch and pain thresholds are given as medians

and quartiles. Mann-Whitney test was used for com-
parison of non-parametric data between the elderly
group and the young group. P-values of <0.05 were
regarded as statistically significant.

The touch and pain thresholds in the palatal
mucosa of elderly were analyzed by multi-regression
analysis to determine the influences of the smoking
habit, presence of denture on palate, PCR score, and
amount of salivation to the mechanosensitivities. A
value 1 was allocated for the group with the smoking
habit (n = 9) and a value 2 for the group without the
smoking habit (n = 72). A value 1 was allocated for the
group with denture on the palate (n = 36) and a value 2
for the group without denture on the palate (n = 45).
Analyses of the data were performed using SPSS
13.0J for Windows (SPSS Inc., Chicago, USA).
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Fig. 2. Measurement points (*): 9 points in the oral region and 4 points in the hands.



Results

(1) Mechanosensitivities of elderly and young
The touch thresholds of elderly were significantly

higher than those of young in the dorsum manus, the
palma manus, the buccal mucosa, the incisive papilla,
the margin of the tongue, and the dorsum of the
tongue (Fig. 3). The touch thresholds of elderly and
young, however, showed no significant differences in
the palatal mucosa except for the incisive papilla.

The pain thresholds of elderly were significantly
lower than those of young in the buccal mucosa and the
palatal mucosa. They were not significantly higher
than the pain thresholds of young in the palma
manus, the dorsum manus, the center of palatal
mucosa, the incisive papilla, the margin of the tongue
and the dorsum of the tongue (Fig. 4).
(2) Factors influencing mechanosensitivities
(Table 2)

The multi-regression analysis showed that the

touch thresholds were not affected by the smoking
habit, presence of denture on palate, PCR score, or
amount of salivation. The multiple correlation coefficient
of the touch threshold was 0.054. Regression coeffi-
cients and p-values are shown in Table 2.

The pain thresholds were significantly affected by
presence of denture on palate. The multiple correlation
coefficient of the pain threshold was 0.273.
Regression coefficients and p-values are shown in
Table 2. The pain thresholds were reduced by presence
of denture on palate. (Fig. 5)

Discussion

Oral sensations, such as tactile, pain, thermal and
vibrational sensations, would change with aging. And
these changes in oral sensations might relate to dis-
comforts in the oral mucosa. We paid a particular atten-
tion to tactile and pain sensations in this study
because some elderly patients complain stickiness,
roughness, or burning pain in the oral mucosa.

There are some reports on tactile and/or pain sen-
sations in the orofacial region. Komiyama et al.10

determined the tactile detection threshold, filament-
prick pain detection threshold, pressure pain threshold,
and pressure pain tolerance threshold in the orofacial
region using S-W monofilaments for healthy young sub-
jects. Mashu et al.11 determined the mechanical pain
thresholds in the oral mucosa and in the facial and
hand skin of the healthy subjects. They described the
differences of the pain thresholds in the various sites of
orofacial region. Cooper et al.12 determined the tactile
and pain thresholds of children. They mentioned that
the examination with S-W monofilaments was conve-
nient because very young subject needs to say only yes
or no.

We used S-W monofilaments because both tactile
and pain thresholds can be determined with them, and
because elderly subjects can easily understand the
method.

Psychophysical experiments have traditionally used
three methods for testing subjects’ perception in stim-
ulus detection and difference detection experiments:
the method of limits, the method of constant stimuli, and
the method of adjustment13-16.

In the method of limits the subject reports whether
he/she detects the stimulus. In ascending method of
limits, some property of the stimulus starts out at a level
so low that the stimulus could not be detected, then this
level is gradually increased until the participant
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Table 1. Relationship between Hm value and diameter and force.



reports that they are aware of it. In the descending
method of limits, this is reversed. In each case, the
threshold is considered to be the level of the stimulus
property at which the stimuli is just detected. A possible
disadvantage of these methods is that the subject may
become accustomed to reporting that they perceive a
stimulus and may continue reporting the same way
even beyond the threshold (the error of habituation).

Conversely, the subject may also anticipate that the
stimulus is about to become detectable or unde-
tectable and may make a premature judgment (the
error of expectation).

To avoid these potential pitfalls, the staircase
method was used in the study of auditory perception. In
this method, the sound starts out audible and gets qui-
eter after each of the subject’s responses, until the sub-
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Fig. 3. Comparison of the touch thresholds between elderly and young subjects.
The touch threshold of the elderly was significantly increased at the dorsum manus, the palma manus, the buccal mucosa,
the incisive papilla, the margin of the tongue, and the dorsum of the tongue.
The upper limit of the vertical bar in the boxplot indicates the maximum value, upper limit of the band presents 75th per-
centiles, the middle line of the band presents median, the lower limit of the band presents 25th percentiles, and the lower
limit of the vertical bar indicates the minimum value.



ject does not report hearing it. At that point, the sound
is made louder at each step, until the subject reports
hearing it, at which point it is made quieter in steps
again. This way the experimenter is able to “zero in” on
the threshold. However, the staircase method needs
more time to determine a threshold, and this might
make it difficult for elderly to participate in this study. So
we selected the simplest method of the ascending
method of limits.

Instead of being presented in ascending or
descending order, in the method of constant stimuli, the

levels of a certain property of the stimulus are not relat-
ed from one trial to the next, but presented randomly.
This prevents the subject from being able to predict the
level of the next stimulus, and therefore reduces
errors of habituation and expectation. The subject
again reports whether he or she is able to detect the
stimulus. Also called the method of average error, the
method of adjustment asks the subject to control the
level of the stimulus, instructs them to alter it until it is
just barely detectable against the background noise, or
is the same as the level of another stimulus.
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Fig. 4. Comparison of the pain thresholds between elderly and young subjects.
The pain thresholds of the elderly were significantly lower than those of the young in the buccal mucosa and the palatal
mucosa. The data are shown using the boxplot.



The method of constant stimuli and the method of
adjustment are useful when there exists an expected
value of the intensity of the stimulus. But the tactile and
pain thresholds have large variances in this study. This
is why these methods are not appropriate to determine
the tactile and pain thresholds in this study.

The touch thresholds of elderly were higher than
those of young in the specific parts of the oral mucosa
(the buccal mucosa, the incisive papilla, the margin of
the tongue and the dorsum of the tongue). This result
may be caused by the decrease of the number and the
sensitivity of mechanoreceptors.

The front part of the oral mucosa has a well-devel-
oped network of sensory nerves, and there are abun-
dant Meissner’s corpuscles17. That is why the front part
of the oral mucosa is more sensitive than other parts of
the oral mucosa.

Number of Meissner’s corpuscles decreases with
aging. The decrease of Meissner’s corpuscles is
more remarkable in the front part of the oral mucosa
than in the other part18,19. This fact corresponds to the
results of this study.

Bolton et al.19 have reported that Meissner’s corpus-
cles suffer from morphological atrophy with aging.
This suggests the mechanosensitivity related to
Meissner’s corpuscles is lower in the elderly than in the
young.

The pain thresholds decreased in the specific parts
of oral mucosa (the buccal and palatal mucosa).
These results would be caused by the change of the
thickness and hardness of oral mucosa with aging.
McMillan20 discussed the lower thresholds observed in
the mandible mucosa could be attributed to reduced tis-
sue resistance associated with thinner mucosa.
Breustedt21 reported reduced thickness of oral mucos-
al epithelium with aging. However the thickness
change of the skin is controversial. Ultrasound
revealed the appearance of a subepidermal low
echogenic band that thickens with age22. It is widely
accepted that hyperkeratinization occurs with age.

The force applied by a S-W monofilaments makes
stress and strain in the oral mucosa. The stress can be
divided into vertical and horizontal components.
When the oral mucosa is thick, the horizontal compo-
nent of the stress is larger than that in the thin oral
mucosa. The vertical component of the stress in the
thick oral mucosa, therefore, is smaller than that in the
thin oral mucosa. Prick pain is caused by the stress
component vertical to the oral mucosa. Consequently,
the pain threshold of the thick oral mucosa is higher
than that of the thin oral mucosa because the same
force makes smaller vertical component of stress in the
thick oral mucosa than that in the thin oral mucosa.

The multi-regression analysis showed that the pain
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Table 2. Regression coefficients and p-values with four autonomous variables for the touch and pain thresholds of the elder-
ly. Smoking group contained 9 subjects and non-smoking group contained 72 subjects. Thirty-six subjects wore their dentures
on the palates and 45subjects did not wear dentures on the palates.



thresholds in the palatal mucosa are lower in the den-
ture-wearing group. Oral mucosa covered by a denture
is pressed due to occlusal force. This probably causes
chronic inflammation of oral mucosa. Jennings et al.23

reported that palatal mucosa covered by the denture
exhibited the signs of chronic atrophic denture-
induced stomatitis. This inflammation, consequently,

would reduce the pain threshold of oral mucosa.
Another cause which reduces the pain threshold
would be the thin mucosa compressed by a denture.
The mucosa under a denture is thin because of com-
pression by the denture. And Kydd et al.24 reported that
the thickness of the mucosa under a compression for
10 minutes required 4 hours to recover its original thick-
ness. In a similar study, Tanaka et al.25 reported that the
pressure pain threshold reduction may be associated
with mechanical stress on the mucosa generated by
bite force. Compression of oral mucosa by a denture,
consequently, would reduce the thickness of mucosa,
resulting in the lower the pain threshold.

Conclusion

We examined the effects of aging on tactile and pain
sensitivity, and the factors influencing threshold
change in the oral mucosa using the Semmes-
Weinstein pressure aesthesiometer. Elderly subjects
showed significantly higher touch thresholds than
those of young subjects in the dorsum manus, the
palma manus, the buccal mucosa, the incisive papilla,
the margin of the tongue, and the dorsum of the
tongue. The pain thresholds of elderly subjects were
significantly lower than those of young subjects in the
buccal mucosa and the palatal mucosa. The
decrease in the pain threshold was caused by the pres-
ence of a denture on the palate.

Acknowledgements

This research was supported by a Research Grant
for Longevity Sciences (H16-1) from the Ministry of
Health, Labour and Welfare, Japan.

References
1. Chesterton LS, Barlas P, Foster NE, et al. Gender differences

in pressure pain threshold in healthy humans. Pain
2003;101:259-266.

2. Ogimoto T, Ogawa T, Sumiyoshi K, et al. Pressure-pain
threshold determination in the oral mucosa: validity and relia-
bility. J Oral Rehabil 2002;29:620-626.

3. Calhoun KH, Gibson B, Hartley L, et al. Aged-related
changes in oral sensation. Laryngoscope 1992;102:109-116.

4. Johansson RS, Vallbo AB, Westling G. Thresholds of
mechanosensitive afferents in the human hand as measured
with von Frey hairs. Brain Res 1980;184:343-351.

5. Wohlert AB. Tactile perception of spatial stimuli on the lip sur-
face by young and older adults. J Speech Hear Res

S. TERANAKA et al. J Med Dent Sci68

   

Fig. 5. Comparison of the pain thresholds of the group with
denture on the palate and the group without denture on the
palate.
The pain thresholds of the elderly were significantly reduced by
presence of a denture on the palate. The asterisk means the
p < 0.05 in the multiple regression analysis shown in Table 2.



1996;39:1191-1198.
6. Besne I, Descombes C, Breton L, et al. Effect of age and

anatomical site on density of sensory innervation in human
epidermis. Arch Dermatol 2002;138:1445-1450.

7. Levin S, Pearsall G, Ruderman RJ. Von Frey’s method of mea-
suring pressure sensibility in the hand: an engineering analy-
sis of the Weinstein-Semmes pressure aesthesiometer. J
Hand Surg [Am] 1978;3:211-216.

8. Bell JA. Light touch-deep pressure testing using Semmes-
Weinstein monofilaments. In: Rehabilitation of the hand:
surgery and therapy. 3rd Ed. St. Louis: Mosby Co; 1990. pp.
585-93.

9. Bell-Krotoski J, Tomancik E. The repeatability of testing with
Semmes-Weinstein monofilaments. J Hand Surg [Am]
1987;12:155-161.

10. Komiyama O, De Laat A. Tactile and pain thresholds in the
intra- and extra-oral regions of symptom-free subjects. Pain
2005;115:308-315.

11. Mashu S, Shibaji T, Zeredo JL, et al. Comparison of
mechanical pain thresholds among various orofacial areas in
humans. Pain Res 2004;19:123-131.

12. Cooper J, Majnemer A, Rosenblatt B, et al. A standardized
sensory assessment for children of school-age. Phy Occup
Ther Pediatr 1993;13:61-80.

13. Snodgrass JG. Psychophysics. In: Experimental Sensory
Psychology. B Scharf. (Ed.) 1975. pp. 17-67.

14. Jacobs R, Wu CH, Van Loven K, et al. Methodology of oral
sensory tests. J Oral Rehabil 2002;29:720-730.

15. Green D, Swets J. Signal detection. In: Theory and psy-
chophysics 1st Ed. New York, John Wiley and Sons; 1966. pp
121-131.

16. Jacobs R, van Steenberghe D. Role of periodontal ligament
receptors in the tactile function of teeth: a review. J Periodont
Res 1994;29:153-167.

17. Ten Cate AR. Oral histology In: Development, structure, and
function 2nd Ed. St. Louis Mosby; 1985. pp 332-374.

18. Cauna N. The effects of aging on the receptor organs of the
human dermis. Advances in Biology of Skin, Vol. VI. Aging (W.
Montagna, Ed.), Pergamon Press, Oxford; 1964. pp 63-96.

19. Bolton CF, Winkelmann RK, Dyck PJ. A quantitative study of
Meissner’s corpuscles in man. Neurol 1965;16:1-9.

20. McMillan AS. Pain-pressure threshold in human gingivae. J
Orofac Pain 1995;9:44-50.

21. Breustedt A. Age-induced changes in the oral mucosa and
their therapeutic consequences. Int Dent J 1983;33:272-280.

22. Waller JM, Maibach HI. Age and skin structure and function, a
quantitative approach (I): blood flow, pH, thickness, and
ultrasound echogenicity. Skin Res Technol 2005;11:221-235.

23. Jennings KJ, MacDonald DG. Histological, microbiological and
haematological investigations in denture-induced stomatitis. J
Dent 1990;18:102-106.

24. Kydd WL, Daly CH, Wheeler JB 3rd. The thickness measure-
ment of masticatory mucosa in vivo. Int Dent J 1971;21:430-
441.

25. Tanaka M, Ogimoto T, Koyano K, et al. Denture wearing and
strong bite force reduce pressure pain threshold of edentulous
oral mucosa. J Oral Rehabil 2004;31:873-878.

69PATIENTS ACCEPTANCE & UNDERSTANDING ON DENTAL EDUCATION


