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Does wearing dentures change sensory nerve responses
under the denture base'?

Nana Ito’, Suguru Kimoto? and Yasuhiko Kawai’

'Nihon University Graduate School of Dentistry at Matsudo, Removable Prosthodontics, Matsudo, Japan; *Department of Removable
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Does wearing dentures change sensbry nerve responses under the denture base?

Background ‘The standard textbook on complete dentures suggests the necessity of relief for the
incisive and postenor palatine foramina of denture wearers to prevent the nnpmgement of the nerves
~ and vessels passing through these foramina. However, concrete evidence of the effect of dentures on the .
sensory function of the nerves underlying dentures is lacking. ,
Objective: The study aim was to 1nvest1gate the influence of denture 1nduced compressmn on sensory
nerve responses to stimulations. :

Materials and methods: Only partially edentulous patients of maxﬂlary Kennedy class II who wear
dentures (WD) or who never wear dentures (ND) were recruited as ‘participants. The WD and ND groups
had 15 participants with a mean age of 66.9 years and 22 participants with a mean age of 60.2 years,
respectively. Current perception thresholds (CPTs) at 2000, 250 and 5 Hz, corresponding to A-beta,
A-delta and C fibres, respectively, were measured by the Neurometer® NS3000 device and compared
between groups. The data were analysed by the f-test, the paired f-test and analysis of covariance
adjusted for age, sex and thickness of the mucosa.

Results: The CPTs showed large differences at 2000 Hz but no differences at the other frequencies
when the WD and ND groups were compared. Only the CPT of the edentulous side at 2000 Hz was
significantly different between groups.

Conclusion: Wearing removable partial dentures contnbutes to changes of responses to stimulations in
the large fibre of the sensory nerve underlying the maxillary alveolar ridge.

Keywords: current perception threshold, denture wearing, greater palatine nerve, sensory nerve.

Accepted 24 August 2012

Introduction

The standard textbook on complete dentures suggest

the necessity of relief for the incisive and posterior
palatine foramina of long-term denture wearers to
prevent the impingement of the nerves and vessels
passing through these foramina’. Although this sug-
gestion was based on concerns that compression by
dentures may induce functional changes to nerves
and vessels located underneath the dentures, no
concrete evidence of a relationship between func-
tional changes in the nerves and compressmn from
dentures has been reported.

We prev1ously investigated the influence of

denture-induced compression on sensory nerve

© 2012 The Gerodontology Society and John Wiley & Sons A/S

responses to stimulations by measuring the cur-

rent perception threshold (CPT);%. This previous
study compared the CPTs of dentulous subjects
with those of complete. denture wearers and
showed that complete denture wearers experience
asymptomatic hypoesthesia that primarily affects
the nasopalatine and greater palatine nerves.
Two possibilities could explain why complete
denture wearers experience asymptomatic hypoes-
thesia: (i) the effects result directly or indirectly
from wearing complete dentures and (ii) damage to
the nerves from oral surgery, such as tooth extrac-
tions®. The previous study showed that edentulous
patients have increased CPTs relative to dentulous
patients. However, because the study did not com-
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2 N. Ito et al.

pare edentulous patients who wear complete den-
tures with those who do not wear them, it could
not address whether wearing dentures affects the
nerve underlying the edentulous alveolar ridge (i.
e. the study could not account for the possible
effects of oral surgery). For clearly investigating the
effects of dentures on the sensory nerve, a study
would ideally compare the nerve functions of
edentulous patients with complete dentures to
those without complete dentures as a control
group. Unfortunately, such a study is difficult
because of the challenges in obtaining a sufficient
control group. That is, complete denture wearers
have little alternative but to use their dentures for
masticating food, and edentulous participants who
did not wear their complete denture are not fre-
quently encountered in a clinical setting.

Thus, to accurately assess the effects of wearing
dentures on this sensory nerve, we targeted maxillary
Kennedy class II patients, with or without subdivi-
sions, who have a unilateral free-ended, partially
edentulous state’. We chose this type of patient
because they tend not to wear dentures due to the
reason that they possess a large dentulous area where
mastication is performed well without a denture.

The purpose of this study was to investigate
whether wearing dentures causes functional changes
in the sensory nerve underlying the greater palatine
foramen of the maxillary alveolar ridge by measur-
ing the CPT. We hypothesised that CPTs of partially
edentulous patients who wear dentures would differ
from those who do not wear them.

Materials and Methods

Study population

This study was approved by the Human Ethics
Committee of Nihon University School of Den-
tistry at Matsudo. The volunteers were enrolled
after obtaining written informed consent..

Only partially edentulous patients of maxillary
Kennedy class II, with or without subdivisions, mostly
missing the first and second molars, were recruited as
participants. All dentures had extracoronal retainers
and a major connector to traverse the palate from the
edentulous side to the dentulous side. The edentulous
side of denture wearers was covered by denture,
whereas the dentulous side was partially covered by
major connector to connect the side opposite the
edentulous side to stabilize the denture.

Patients with the following conditions were
excluded: (i) general health problems (e.g. diabetic
mellitus, trigeminal neuralgia and postherpetic
neuralgia) that could affect the measurements of

nerve activity; (ii) neuropathic complaints involv-
ing the maxillary alveolar ridge; (iii) pacemakers;
(iv) obvious cognitive impairment and (v) a lack of
understanding of written or spoken Japanese.

Participants in the group who wore dentures
(WD) were compared with those who had never
worn dentures (ND). The WD had 15 participants
with a mean age of 66.9 years; the ND group had
22 participants with a mean age of 60.2 years.

Measurements of participant characteristics

After recording the gender and age of the partici-
pants, the mucosal thickness over the great pala-
tine foramen of the edentulous and dentulous
sides was measured by a single operator using an
ultrasonic measuring device (Krupp SDM®; Austenal
Medizintechnik, Cologne, Germany). The probe of
this device was placed perpendicular to and in
contact with each target point by the application
of slight pressure; each measurement was per-
formed three times (Fig. 1). The mean value of
the measurements was used as a representative
value for the analyses.

Current perception threshold measurements

The participants were seated comfortably on dental
chairs in a quiet room. A single operator obtained
mucosal CPT measurements around the greater
palatine foramen of the edentulous and dentulous
sides using a Neurometer™ NS3000 device (Neuro-
tron Inc., Baltimore, MD, USA) to deliver electrical
stimulations at frequencies of 5, 250 and 2000 Hz
(Fig. 2a,b). The area around the greater palatine
foramen was selected as a targeted site because the
denture covered it in the WD group, and because
this site was available for comparing nerve func-
tion between the WD and ND groups. The greater
palatine nerve is a branch of the pterygopalatine
ganglion and emerges upon the hard palate
through the greater palatine foramen and supplies
the mucous membrane nearly to the incisor teeth.

Figure 1 Measurement of mucosal thickness.

© 2012 The Gerodontology Society and John Wiley & Sons A/S
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Figure 2 Measurement of the current
threshold (CPT). (a) Point for measuring ‘the CPT on
the dentulous side. (b) Point for measuring the CPT on
the edentulous side. (c) Intraoral removable device w1th
stimulating electrodes for measuring CPT

fibres generally covered by the maxillary denture.
Three subpopulations of sensory nerve fibres, A-
beta, A-delta and C fibres, were tested by using
three types of frequencies (2000, 250 and 5 Hz).
The 2000, 250 and 5 Hz stimulate A-beta, A-delta
and C fibres, respectively. Thus, CPT evaluation
provides selective activation of fibre type (6).

For ensuring contact between the mucosa and
stimulation electrodes, a measurement apparatus
with @ 1-mm thermoforming disks (Erkodur®;
Erkodent, Baden-Wiirttemberg, Germany) was
developed for each subject. Plates (18 x 6 x 3 mm)
with stimulation electrodes (@ 2 mm) mounted
on an intraoral removable appliance (Fig. 2c). The
~ plate was detachable by means of retentive
grooves (rectangular-shaped depressions) so that

© 2012 The Gerodontology Society and John Wiley & Sons A/S

perception
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the measurement sites could be changed easily, as
required.

The electric current was mcreased slowly from -
0.01 mA until participants reported a sensation at

~ a particular frequency of electrical stimulation as

recommended by the manufacturer of the mea-
surement apparatus to determine an approximate
CPT level. Subsequently, -a microprocessor-con-

- trolled forced-choice technique, which delivered 6

20 cycles of randomly selected real and false
stimuli above and below the approximate CPT

level, was used in a double-blinded manner untll
, the exact CPT levels were determined.

Statistical analyszs

All statistical analyses were performed using the
statistical package sess II for Windows (SPSS, Chi-
cago, IL, USA). A p value of <0.05 was cons1dered
to be statistically significant.

After verifying the normality of the data using
the Kolmogorov—-Smirnov test, we applied a para-
metric statistical analysis to the data. The differ-
ences in the age and mucosal thickness between
the ND and WD groups were analysed using the ¢-
test. The gender ratio in the ND and WD groups
was compared using the chi-square test. The effects
of wearing dentures on the CPTs were analysed by
analysis of covariance (ancova), taking into account
potential confounders such as gender, age and
mucosal thickness. The t-test was used to assess
mean differences of CPTs between the WD and ND
groups. A paired t-test was used to compare the
CPT at the dentulous side to that at the edentulous
side within the WD group and the ND group.

: Results

Thus, the Neurometer® NS3000 device can stimulate

Participant characterzstzcs

The mean age of the WD group was 51gmﬁcantly
higher than that of the ND group (¢-test, p = 0.039),
but the mucosal thickness did not significantly differ
between the two groups (Table 1). The chi-square
test showed that the gender ratio was smular in the
ND and WD groups

Current perception threshold measurements

At a stimulation of 2000 Hz, the CPTs of the WD
and ND groups were 44.5 £ 20.0 and 35.7 + 18.8
at the dentulous side, respectively, and 53.9 + 19.4
and 40.0 + 17.2 at the edentulous side, respectively
(Fig. 3). When the stimulation occurred at 250 Hz,
the CPTs of the WD and ND groups were found to

—631—



4 N. Ito et al.

Table 1 Participant characteristics.

WD (n=15) ND (n= 22)

Variable Mean + ISD Mean + ISD
Age (years)” 66.9 £ 7.5 60.2 +10.3
Edentulous site mucosal 1.5+ 0.8 1.4+ 0.6
thickness (xnm)
Dentate site mucosal 1.1 £0.8 1.3 £0.6
thickness (mm)

Gender (male/female) 6/9 8/14

Duration of wearing 3.7 + 4.8 -

denture (years)

#Significantly difference between WD and WD groups
(p < 0.05).

WD, participants in the group who wore denture; ND,
participants in the group who never wore denture.

be 18.3 = 11.7 and 17.7 + 11.4 at the dentulous
side, respectively, and 18.7 + 11.2 and 18.3 + 8.9
at the edentulous side, respectively. At a stimula-
tion of 5 Hz, the CPTs of the WD and ND groups
were 13.8 + 8.7 and 11.3 & 6.1 at the dentulous
side, respectively, and 13.9 £+ 9.7 and 14.1 + 8.8 at
the edentulous side, respectively. The CPT values
were proportional to the stimulation frequency,
but only the 2000-Hz frequency resulted in large
differences in the CPTs between the groups.

The t-test showed that only the CPT for the
edentulous side at 2000 Hz was significantly
different (p = 0.028) between the groups. The dif-
ference in the CPTs between the dentulous and
edentulous sides of the WD group at 2000 Hz was
large but not significantly different.

80

s

[] WD group

70 F
E ! ND group

60

50 [

40 £

CPT (0.01mA)

30 F

20

10 F

Dentulous Edentulous Dentulous Edentulous Dentulous Edentulous

side side side side side side

2000 Hz

250 Hz 5Hz
Current Frequency

Figure 3 Differences in the current perception thresh-
olds (CPTs) at each frequency between the group that
had never worn dentures (ND) and the group that wore
. dentures (WD). *t-test, p < 0.05.

The ancova revealed that (i) the thickness of
the mucosa significantly affected CPTs at all fre-
quencies at both the edentulous and dentulous
sides;. (ii) wearing dentures only affected the CPT
of the edentulous side at the 2000-Hz stimulation
and (iii) gender and age did not affect the CPTs at
any of the frequencies on either side.

Discussion

We found that denture wearers had changes of
sensory mnerve responses to stimulations in the
greater palatine nerve due to the compression
caused by the dentures. '

The CPTs of the WD group at 2000 Hz were
higher than those of the ND group. This suggested
that wearing dentures contributes to changes in the
sensory nerve underlying the maxillary alveolar
ridge and that the sensory nerves have few func-
tional changes caused by the oral surgery for teeth
extraction. The effect of denture wearing on sen-
sory nerves can be further clarified by comparison
with entrapment neuropathy caused by dynamic
mechanical compression of a short segment of a
single nerve at a specific site, as it passes through a
fibro-osseous tunnel or an opening in fibrous or
muscular tissue’ '°.  The similarities between
entrapment neuropathy and denture wearing can
be summarised as the alveolar mucosa of denture
wearers is subjected to dynamic mechanical com-
pression caused by masticatory forces transmitted
through the dentures, and the greater palatine
nerve passes through the greater palatine foramen
to the alveolar mucosa under the denture. Further-
more, one of the clinical symptoms of entrapment
neuropathies is hypoesthesia, which is paralleled by

- increased CPT values experienced by partial den-

ture wearers. The greater palatine mnerve is
entrapped and compressed in the area overlying
the greater palatine foramen by occlusal forces
transmitted through the dentures, which is similar
to the alterations in nerve fibres associated with
entrapment neuropathies.

The question remains as to why only the CPT
values at 2000 Hz were affected by denture wear-
ing. A 2000-Hz frequency stimulates the A-beta
fibre, which is the largest myelinated fibre among
the sensory nerves''. A study of the CPT indicated
that dysfunctional sensory nerve fibres, caused by
compression, .apparently initiates in larger fibres
before extending stepwise to smaller fibres as the
clinical grade of dysfunction progresses (12). Thus,
large fibres, stimulated by a frequency of 2000 Hz,
were more easily affected by the compression than
the small A-delta and C fibres stimulated by lower

© 2012 The Gerodontology Society and John Wiley & Sons A/S
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frequencies. This may suggest that the mechanical

compression induced by the occlusal forces
obtained from Kennedy class II denture wearers
may be enough to affect the A-beta fibre but not
the small fibres.

We recruited pamapants “without neuropathic

complaints; therefore, changes in the sensory nerve
of the denture wearers can be considered asymptom-
atic hypoesthesia. As asymptomatic hypoesthesia
was observed only in the large A-beta fibres, the
grade of severity of the functional changes in the
nerve appears moderate—the sensory nerve fibre

dysfunction caused by compression had not yet pro- -

gressed to the smaller fibres'?. Although the mean
duration of denture wearing by the participants was
only 3.7 years, the CPTs were clearly disturbed. Pre-
sumably, long-term denture wearing could poten-
tially induce some functional changes in small nerve
fibres. This asymptomatic progressive change in sen-

sory nerves might well increase in patients who wear

denture at night when sleeping. Nocturnal denture
wearing has been discussed from different viewpoints
such as the quality of sleep'®, denture hygiene'* ¢
and bone resorption'” and psychological aspects. This
study added a new aspect to the debate on nocturnal
denture wearing and indicates that nocturnal den-
ture wearing should be avoided due to the risk of
inducing changes in the sensory nerve.

Conclusion

‘We conclude that wearing removable partial den-
tures contributes to changes of sensory nerve
responses to stimulations in the sensory nerve
underlying the maxillary alveolar ridge.
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Purpose: Laminated alginate impression for edentulous is simple and time efficient com-
pared to border molding technique. The purpose of this study was to examine clinical
applicability of the laminated alginate impression, by measuring the effects of different

- Water/Powder (W/P) and mixing methods and dlfferent bonding methods in the secondary

impression of alginate i impression.

. Methods: Three W/P: manufacturer-designated mixing water amount (standard), 1.5-fold

(1.5x) and 1.75-fold (1.75x) water amount were mixed by manual and automatic mixing

‘methods. Initial and complete setting time, permanent and elastic deformation, and

consistency of the secondary impression were investigated (n=10). Additionally, tensile

- bond strength between the primary and secondary impression were measured in the

following surface treatment; air blow only (A), surface baking (B), and alginate impression
material bonding agent {ALGI-BOND: AB) (n=12).

- Results: Initial setting times significantly shortened with automatic mixing for all W/p

(p < 0.05). The permanent deformation decreased and elastic deformation increased as high
WY/P, regardless of the mixing method. Elastic deformation significantly reduced in 1.5 and
1.75% with autormatic mixing (p < 0.05). All of these properties resulted within JIS standards.
ForallW/P, ABshowed a s1gmﬁcantly high bondmg strength as compared toAandB(p < 0. 01)
Conclusions: The increase of mixing water, 1.5x and 1.75x, resulted within JIS standards in

- setting time, ‘suggesting its applicability in clinical setting. The use of automatic mixing .
. device decreased elastic strain and shortening of the curing time. For the secondary

impression application of adhesives on the primary impression gives secure adhesion.
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1. Introduction

According to a 2011 Japanese national dental disease survey
[1], the prevalence of edentulousness decreased from 7.9% in
1975 to 5.2% in 2011. However, the prevalence of edentulous-
ness among people aged 75 years or older has greatly
increased from 21% in 1975 to 64% in 2011. The increasing
age of edentulous patients may indicate a rise in the number of
patients for whom conventional treatments are both mentally
and physically insufficient. Further, the present circum-
stances may require diversity among the treatments for
individual patients.

The appropriate insertion of complete dentures is consid-
ered to a major factor in the oral and general health of
edentulous patients. In order to construct complete dentures
with appropriate support and stability, it is necessary to
generate a record of the appropriate denture base surface
area, flange contour, and mucosal surface and to generate a
record of the lining mucosa by making an impression.
Therefore, the objectives of making a complete denture
impression are as follows: to generate a record of all
anatomical landmarks in the oral cavity; to obtain strong
adhesion orretention with the mucosal surface; and to obtain
an appropriate border shape to maintain the adhesion [2]. The
conventional precise impression method records movement
of the muscular tissue of the circumference of the mouthin a
modeling compound, and identifies the range of a denture
base. Then, the final impression is made using a precision
impression material. This method has an advantage that
determines the range of a denture base strictly and can
manufacture a minute master cast. However, the treatment
period is extensive {3], is greatly affected by the skill of the
operator, and is burdensome for the patient. This treatmentis
particularly difficult to recommend as a first choice for elderly
patients, patients with systemic diseases, and patients
receiving treatment at home.

Alginate impression material, which is inexpensive and
easy to handle, is frequently used to make complete denture
impressions in general clinical settings [4]. However,
because alginate impression material involves the use of
a stock tray to make a preliminary impression, it is
sometimes difficult to generate an impression that adheres
strongly to the mucosal surface or the appropriate border

 shape. Therefore, a laminated alginate impression tech-
nique, in which the alginate impression material is double-
layered before making an impression, has been devised in
order to compensate for this flaw, and many clinicians have
used this technique and noted its advantages [5,6]. The
laminated alginate impression technique for edentulous
patients is comprised of several steps. First, a preliminary
impression is made with a standard Water/Powder (W/P) by
using a stock tray. Next, the impression surface is treated
baked or application of an alginate-bonding agent, and W/P
is subsequently increased and a secondary impression is
made with alginate impression material that is sufficiently
fluid. This process is expected to achieve results similar to
those of conventional precise impressions. The effects of
the laminated alginate impression technique devised by
Nakazawa et al. [7,8] on model shapes have been reported.

However, the physical properties of alginate impression
material with an increased W/P and the effect of different
preliminary impression surface treatments on bonding
strength in the preliminary and secondary impressions
are unclear. Adequate scientific evidence is lacking regard-
ing whether this technique can be sufficiently adapted to a
clinical setting.

Therefore, the objective of the present study was to
examine the clinical applicability of the laminated alginate
impression technique, by measuring the effects of different
alginate impression material W/P and mixing methods in the
secondary impression on the properties of the material
(setting time, permanent deformation, elastic deformation,
and consistency) and the effects of different preliminary
impression surface treatments on bonding strength in
preliminary and secondary impressions.

Null hypothesis of the study was: 1. There is no difference
in the physical properties of the alginate impression material
that has been mixed with three different W/P of alginate
impression material as a secondary impression by two
different mixing method. 2. There is no difference in tensile
bond strength between the primary and secondary impression
due to different method of surface treatment of primary
impression.

2. Materials and methods
2.1.  Physical properties of the secondary impression

2.1.1. Study samples and measuring items

Seven and half grams of alginate impression material (Algiace
Z, Dentsply Sankin, Ibaraki, Japan) was mixed with distilled
water (17.0 4 0.5 °C) with 3 W/P; 17 ml (manufacturer-desig-
nated mixing water amount; hereafter “standard”), 25.5 ml
distilled water (1.5-fold of the manufacturer-designated
mixing water amount; hereafter “1.5x”), and 29.8ml of
distilled water (1.75-fold of the manufacturer-designated
mixing water amount; hereafter “1.75x”) [9]. The mixing
methods were manual mixing for 40 s and automatic mixing -
for 12 s by using an automatic mixer (Mikrona Mixer, Mikrona,
Switzerland). Thus, six different mixed impressions (three W/
P, mixed by two mixing methods, n=10 respectively) were used
for the measurement. The measuring items were setting time,
permanent deformation, elastic deformation and consistency.
All measurement were followed to Japanese Industrial
Standard (JIS) T-6505 [10] at constant room temperature
(23.5£1°C).

2.1.2. Setting time

The mixed impression materials were poured into metal rings
(a diameter of 30 mm) placed on a glass board. The materials
were brought into contact with the impression surface at 10-s
intervals by using a polymethyl methacrylate (PMMA) stick
polished at one end. The initial setting time was defined as the
amount of time that elapsed until the material no longer
adhered to the stick surface, and the complete setting time
was defined as the amount of time that elapsed until the
PMMA stick marks disappeared.
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2.1.3.  Permanent deformation :

The mixed impression materials were poured into a metal split
“mold and were covered with a glass board. After 2 min (the oral
cavity-retention time, as indicated by the manufacturer), the
mixtures were removed from the split mold and made into
cyhndncal samples with a diameter of 12.5 mmand a helght of

20 mm. Dial gauge heads (0.5 + 0.1 N) were brought into contact -
with the tops of the sample bodies (A). Immediately after

measuring the dial gauge graduation, 20% deformation was
applied for 30 s. Following load removal, the dial gauge head
was brought into contact with the sample body again (B). The
' permanent deformation (D) was calculated from these two
values. R :

A-B
20

D= x 100

2.1.4.  Elastic deformation :

Cylindrical sample bodies were made according to the
protocol ‘described for permanent deformation. A load of
1.25 £ 0.05N was applied to the sample bodies and the dial

gauge graduation was measured (C). An overall load of

125+ 0.1 N was subsequently applied, and the dial gauge
graduation was measured (D). The elastic deformation (S) was
calculated from these two values. ;

C-D

5="%5

x 100

2.1.5. Consistency

Two ml of the mixed alginate impression material was placed
~ in the center of a 100 x 100 mm glass board. A 100 x 100 mm
glass board (1.20 £ 0.02 N) was gently placed on the material
90 s after mixing was initiated. The spread of the alginate
impression material was quantified by measuring the diame-
terin2 afbitrary places at 6 min after mixing was initiated. The
average of these 2 measurements was used to calculate the
area, as the consistency. o

2.2, Effects of different bonding methods on the tensile
‘bond strength ‘ :

Tensile bond tests measurements were conducted at room
temperature (23 +£2°C). A pair of cylindrical metal molds

was prepared and impression material mixed with a.

standard W/P filled in one metal mold. After the material
had set completely, the surplus material was removed with
a knife. The following three treatments were subsequently
performed on the surface of the impression: air blow for 10 s
(hereafter “A”), surface baking until the impression surface
turns white and dry (hereafter “B”), and an alginate
impression material bonding agent (ALGI-BOND, Tokuyama
Dental, Tokyo, Japan; hereafter ‘‘AB”). Next, the other metal
mold was filled with the impression materials that would be
used as the secondary impression (W/P: standard, 1.5x, and
1.75x). Then the mold was joint to primary impression mold
and kept until complete setting of the impression.

After the material was set completely, the surplus
material was removed and the sample was removed from

" the metal mold. We then conducted a tensile strength test at

a crosshead speed of 2mm/min by using an Instron
Universal .Testing Machine (TG-5kN, Minebea, Tokyo,
Japan). All samples were prepared with automatlc mixing
n=12).

2.3, Analysis

The setting time, permanent deformation, elastic deforma-

- tion, and consistency were compared by the two factors:

mixing method and each water-powder ratio - ({two-way

~ANOVA repeated measures, and Bonferroni test for post hoc

“test). Tensile bond test results for each water-powder ratio
‘were compared by surface treatment (Kruskal-Wallis test; the
‘Bonferroni correction was used for multiple compansons) All

- of these analysis was carried out by PASW® Statistics 18 0

(SPSs, IL, USA).

3. Results
3.1. Phyéical properties of the secondary impressioh

3. 1 1. Imtml setting time

A comparison of the initial settlng times accordlng to W/P
showed that the setting times were significantly longer for
higher W/P as compared to the standard for both manual and
automatic mixing. Further, a comparison between the manual
versus automatic mixing showed that the initial setting times
were significantly shorter with automatic m1x1ng for all W/P
(p < 0.05) (Table 1).

3.1.2. Complete setting time :

A comparison of the complete settmg time accordmg to
W/P showed that the setting times were significantly longer
for higher W/P as compared to the standard for both manual
and automatic m1x1ng Moreover, a comparison between
manual versus automatic mixing showed that the setting
times were significantly shorter with the automatic
mixing method for the standard and 1.75x (p < 0.05)
(Table 1).

3.1.3. Permanent deformation ;
" No significant differences in permanent deforma’aon were
observed according to the mixing method. However, the
permanent deformation showed to decrease as W/P increased,
regardless of the mixing method (Table 1).

3.14. Elastic deformation

The elastic deformation was 51gn1ﬁcant1y reduced in 1.5x and
1.75x with automatic mixing (p < 0.05). The elastic deforma-
tion significantly increased as compared to standard W/P,
regardless of the mixing method (Table 1).

3.1.5. Consistency

The consistency significantly reduced with the standard and
1.75x with automatic mixing (p < 0.05). The consistency
significantly increased as W/P increased, regardless of the
m1x1ng method (Table 1).
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3.2.  Effects of different bonding methods on the tensile
bond strength

For all W/P, AB showed significantly higher bonding strength
as compared to A and B (p < 0.01). Further, no significant
differences in bonding strength were observed between A and
B for any water-powder ratio (Figs. 1-3).

4, Discussion

This study tested two null hypothesis. One was: there is no
difference in the physical properties of the alginate impression
material that has been mixed with three different W/P of
alginate impression material as a secondary impression by
two different mixing method, which was rejected and use of a
high W/P (1.5x to 1.75x) significantly increased initial setting
times, complete setting time, elastic deformation and consis-
tency has become evident. Another hypothesis was: there is
no difference in tensile bond strength between the primary
and secondary impression due to different method of surface

. treatment of primary impression, which was also rejected and

found that ALGI-BOND showed a significantly higher bonding
strength as compared to Air blow and surface baking for all
water~powder ratios.

Measuring setting time, permanent deformation and
elastic deformation was carried out according to JIS standard
method. No standard method of testing consistency of
alginate impression exist in JIS standards. So sample test of

(MPa)
0.4

oy
03 A ‘

0.2 A

@ L

A B AB
Surface treatment

Bonding strength

*:p<0.05

Fig. 1 - Tensile bond test (powder-water ratio: standard).
{A) Air blow; (B) Surface baking; (AB) Alginate impression
material bonding agent. )

dental elastomeric impression consistency had been applied,
which use 0.5ml amount of the material by the standard
syringe. However, in this study, 10 ml syringe by injecting 2ml
of alginate impression was applied. This was based on
preliminary experiment that injecting 0.5ml of alginate
impression produce bubbles in the material which may
produce systematic error.
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Fig. 2 - Tensile bond test (powder-water ratio: 1.5X).
(A) Air blow. (B) Surface baking; (AB) Algmate 1mpress1on
material bondmg agent
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Fig. 3 - Tensile bond test (powder-water ratio: 1.75X).
(A) Air blow; (B) Surface baking; (AB) Alginate impression
material bonding agent. ‘

The secondary impression for the double alginate impres-
sion technique requires the following 4 conditions: 1) higher
con31stency than standard water-powder ratio, 2) sufficient
operating time, 3) appropnate elastic deformation, and 4)
necessary dimensional accuracy for constructmg dentures.
The W/P of the alginate impression material must be
increased in order to ensure higher consistency than standard
W/P. However, this presents-two problems: 1) a decline in

physical properties and 2) a longer setting time. Regarding the

decline in physical properties, the JIS-standard for elastic
deformation and permanent deformation is 5-20% and less
than 5%, respectively; in the present study, the. elastic
deformation and permanent deformation of 1.5x and 1.75x
were within these respective ranges. Regarding the longer
setting time, both 1.5x and 1.75x were within the }IS-standard
initial setting time range of 1-5min in the present study.
Therefore, it was suggested that there are following w1th
physical propemes Wlth regard to JIS standards.

‘However, even if these propertles are within JIS-standard
ranges, the overly long setting time- and increased elastic
deformation pose problems, such as operation time and mold
deformation, respectively, in a clinical setting. In the present
study, the use of an automatic mixer reduced the setting time
and elastic deformation compared to manual mixing. ‘Accord-
ing to Inoue et al. [11], when the material is mixed ‘at high
speed, the temperature of the paste increases slightly (2.3 °C
within the 15 s mixing time) as. a result of the mechaniéal
friction between the material particles or between the
material and the mixing vessel. It is assumed that a similar
phenomenon also occurred in this study that the setting time
toward the automatic mixing has been shortened as compared
with the manual mixing. According to McDaniel et al. [12], the

. centrifuge and the vacuum mixer were superior to the other

techniques regarding presence of surface porosity. Accordmg
to Dreesen et al. [13], elastic recovery was small with manual
mixingt than automated mixing method, due to inclusion of air
lumpsin the samples. Therefore, this suggested that the use of
a high W/P (1.5x to 1.75x) and an automatic mixer fulfills the
first 3 of the above-mentioned 4 conditions necessary for the

secondary 1mpressmn in the double- algmate impression
'techmque

Regardmg the algmate bonding strength in the double-
algmate impression technique, Shigeto et al. [14] reported that
the bonding is the strongest when ‘1 layer of the alginate
impression material in the preliminary impression is removed
and the surface is fired until white and that the use of a
bonding agent resulted in greater bonding strength compared
to no treatment. However, in the present study, no significant
differences were observed among the different water-powder
ratios between air blowing only and bakihg until the surface
was dry. In addition, the use of a bonding agent (ALGI-BOND
increased the bonding strength for all water-powder ratios
compared to air blowing only or baking. According to
Hashimoto et al. [15], roughly 0.03 MPa of force is applied to
the impression material when removing the impression, and
the impression accuracy is not thought to be affected if this
level of bonding strength is obtained. In the present study, all
surface treatments displayed values >0.03 MPa. However, the
secondary impression in - the double-alginate impression
technique peels away easily from the preliminary impression
because it is thin. According to communication with the
product company, the materials that been used for the
adhesives is polyamine. It is assumed that the amino groups

-of the polyamine may bind to the carboxy group of the

hardened surface of alginate secondary impression material,
Therefore, the application of a bonding agent as a surface
treatment was deemed necessary in order to make the
secondary impression bond more strongly to the preliminary
impression. Since the present study only examined the
secondary impression technique, future examinations are
necessary in which preliminary and secondary impressions
are combined. '

5. Conclusions

W1th1n the limitations of this study, the following conclusions
can be drawn:
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1. The increase of mixing water, 1.5x and 1.75x, resulted
within JIS standards in setting time, permanent and elastic
deformation, suggesting its applicability in clinical setting.

2. The use of automatic mixing device decrease elastic strain
and shortening of the curing time.

3. It was found that to use an adhesive to secondary
impression is significantly effective in the adhesion of
secondary and primary impression.
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Reliability of pyain tolerance threshold testing by applying
an electrical current stimulus to the alveolar ridge
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- suMMARY The purpose of this study was to assess
the reliability of testing pain tolerance threshold
(PTT) by applying an electrical current stimulus to
the alveolar ridge. Twenty volunteers studying or
working at the WNihon University School of
Dentistry at Matsudo participated in this study.
Participants were seated comfortably on a dental
chair in a quiet room during testing. A single

operator obtained mucosal PIT measurements

around the right greater palatine foramen using a
Neurometer CPT/C® device (Neurotron Inc.,
Baltimore, - MD, USA) to deliver - electrical

stimulation at frequencies of 5, 250 and 2000 Hz.
' The participant released a button to automatically
discontinue the stimulus when it could no longer
be tolerated. Two types of factors were confirmed:
the consistency of repeated measurements and a
potential carry-over effect on PTTs. The
consistency and carry-over effects of pain with
regard to PTT measurements were analysed via

~ different

. exhibited
- copstitutes a widely available option for PTIT

Cronbach’s coefficient a. The Cronbach’s coefficient
o of PTTs calculated more than 6 days of PTT
testing at 5, 250 and 2000 Hz was 0-97, 0-95 and
0-97, respectively, suggesting that the consistency
of the measurements was excellent. "The
Cronbach’s coefﬁcienf o calculated when the three
frequencies of 5, 250 and 2000 Hz were applied in
orders was 091, 087 and 090,
respectively, suggestmg no carry-over effect. In
conclusion, the measurement of PTTs at the
alveolar ridge as assessed by applying an electrical
current stimulus with an electro-diagnostic device
excellent reliability, and thus, it

measurement in the clinical setting.
KEYWORDS: current stimulus, oral mucosa, pain

tolerance threshold, reliability
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Introduction

The number of people requiring complete ‘dentures is
predrcted to increase more than the next 20 years due
to the ageing population (1-3). Elder denture users
with advanced atrophic alveolar ridge mucosa due to
ageing cannot bear the stress caused by occlusal force,
resulting in pain. '

One of the major complaints reported by denture
users is pain of the mucosa, which increases with age
(4-6). Dentists listen carefully to denture wearers’
complaints, in an effort to objectively understand the
pain reported by each individual, and attempt to

© 2014 John Wiley & Sons Ltd

identify inflamed mucosa that may be contributing to
the pain. They then decide how to treat the patient,
and how to adjust their dentures, based on this collec-
tive information. However, some patients complaining
of severe pain do not exhibit inflamed mucosa, while
others reporting no pain or only slight pain exhibit
severely inflamed mucosa. This diversity derived from
the subjective nature of pain severity results in uncer-
tainty with regard to dentists” decisions when making
adjustment plans for dentures. Moreover, dentists
could select alternative modalities such as implants or
resilient denture liners before starting treatment, if
they could accurately predict which patients would

doi: 10.1111/joor.12181
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complain of severe pain when using conventional
dentures. Thus, it is very important to know a
patient’s pain tolerance threshold (PTT) in the context
of denture wearing, before starting treatment.

Because it is affected by numerous factors (3, 7),
the pain complained of by denture wearers is very
complex. However, we believe that objectively under-
standing certain aspects of patients’ pain, particularly
their PTTs, would assist in the prediction of the sever-
ity of pain that denture users would experience after
the fitting of new dentures. Although we have previ-
ously studied denture wearers’ electrical current per-
ception thresholds (8-10), pain tolerance to an
electrical current stimulus applied to the oral mucosa
has not been studied. To our knowledge, this is the
first study to report the potential quantification of
PTTs in the context of the oral mucosa using an elec-
trical current stimulus. As there were no previous
reports, we first verified the reliability of the tech-
nique. The purpose of this study was to assess the
reliability of PTT testing as performed by applying an
electrical current stimulus to the alveolar ridge via an
electro-diagnostic device.

Materials and methods

Participants

This study was approved by the Human Ethics Com-
mittee of Nihon University School of Dentistry at
Matsudo. Twenty volunteers 10 male (average age,
24-3 years) and 10 female (average age, 24-4 years)
participants studying or working at the Nihon Univer-
sity School of Dentistry at Matsudo took part in the
study. The volunteers were enrolled after obtaining
written informed consent. Individuals with the fol-
lowing conditions were excluded: (i) general health
problems that could affect the measurement of nerve
activity (e.g. diabetes mellitus, trigeminal neuralgia or
postherpetic neuralgia); (ii) neuropathic complaints
involving the maxillary alveolar ridge; (iii) pacemaker
wearers; (iv) obvious cognitive impairment; and (v) a
lack of understanding of written or spoken Japanese.

PTT test

Each participant was seated comfortably on a dental
chair in a quiet room throughout the testing. The
same operator obtained all mucosal PTT measurements

from around the right greater palatine foramen using
a Neurometer CPT/C® device* to deliver electrical
stimulation at frequencies of 5, 250 and 2000 Hz
(Fig. 1a). After taking each individual PTT measure-
ment, and before taking the next, the targeted area

- was checked using a dental mirror, and the partici-

pant was asked whether they still felt any residual
irritation from the stimulus they had just received.
The PTT value represents the maximum amount of

electrical stimulus that can be tolerated. The stimulus
was applied in an ascending ‘staircase’ fashion (11,
12). Pain tolerance threshold was evaluated by having
the participant press and hold a “Test Cycle’ button on
a remote box (pictured in Fig. 1b). The participant
released the button to automatically discontinue the
stimulus when it could no longer be tolerated. The
stimulation would automatically stop if the maximum
output intensity (9-99 mA) was reached. The PTT
measurements were performed at frequencies of 5,
250 and 2000 Hz, once at the test site. ~
_To ensure contact between the mucosa and stimula-
tion electrodes, a measurement apparatus with @ 1-
mm thermoforming discs’ was developed for each
participant. Plates (18 x 9 x 6 mm) with stimulation
electrodes (@ 2 mm) mounted on an intraoral remov-
able appliance were utilised (Fig 1c,d).

Reliability of PIT testing

Two types of factors were investigated in this study.
One was whether repeated measurements of PTT
would exhibit consistency. The other was whether
there was a carry-over effect, whereby one PTT test
would influence the next test administered immedi-
ately thereafter to that same individual.

Every possible order of administration of the differ-
ent electrical stimuli was administered, to investigate
the carry-over effect, as follows: (i) 2000, 250, then
5 Hz; (ii) 2000, 5, then 250 Hz; (iii) 250, 2000,
then 5 Hz; (iv) 250, 5, then 2000 Hz; (v) 5, 2000,
then 250 Hz; and (vi) 5, 250, then 2000 Hz. To allo-
cate different patterns to different measurement days,
a random number table was prepared. As there were
720 different permutations of the six orders tested
(6 x5 x4 x3x2x 1=720), the random number

*Neurotron Inc., Baltimore, MD, USA.
TErkodur®; Erkodent, Baden-Wiirttemberg, Germany.

© 2014 John Wiley & Sons Ltd
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Fig. 1. Pain tolerance threshold (PTT) measuring system. The
participants_press, hold and release the button on the remote
box when they can nolonger tolerate the electrical stimuli. Par-
ticipants wear the measurement apparatus with @ 1-mm ther-
moforming discs to ensure contact between the mucosa and
stimulation electrodes. -

© 2014 John Wiley & Sons Ltd

table consisted of 720 numbers, and one of these was
randomly selected for each of the six measurement
days. One number included six patterns of order, for
example: Ist day order (2000, 250, then 5 Hz); 2nd
day order (2000, 5, then 250 Hz); 3rd day order (250,
2000, then 5 Hz); 4th day order (250, 5, then
2000 Hz); 5th day order (5, 2000, then 250 Hz); and

- 6th day order (5, 250, then 2000 Hz). Thus, the mea-

surement of PTT was performed six tlrnes in each sub-

' -ject; once per Week for 6 Weeks

- Statistical analyses

The effects of current frequency, gender and consis-
tency on PITs were analysed using the three-way
repeated'measures ANOvA incorporating the Tukey—
Kramer post hoc test. The reproducibility of the data
and a potential carry-over effect with regard to PTT
measurement were analysed using Cronbach’s coeffi-
cient o. All statistical analyses were performed using

 the statistical package IBM® SPSS® Statistics 21.5 A

p-value of <0-05 was considered statistically significant.

Results

PTT measurements

Figure 2 shows repeated PTT measurements taken
once a week for 6 weeks. The three-way repeated

‘measures Anova incorporating the Tukey-Kramer post
“hoc test showed that the first measurement was the

smallest among all PTTs at each frequency (P < 0-05),
and the PTITs gradually became constant thereafter.

;The, Cronbach’s coefficient « of PTTs calculated based

on 6 days of PTT ‘measurements of 5, 250 and
2000 Hz was 0-97, 0-95 and 0-97, respectively. The
measurement consistency was very high.

‘Figure 3 shows PTTs observed for different fre-
quency orders. The Cronbach’s coefficient a calculated
for the three different orders for each frequency (first
measurement, second measurement and third mea-
surement) of 5, 250 and 2000 Hz was 0-91, 0-87 and
0-90, respectively. Three PTTs -obtained - in different .
orders at each frequency were almost same. There-
fore, it was shown that there was no carry-over effect

*SPSS-IBM Inc., 1L, USA.
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