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Despite the advancement of implant therapy for
edentulous individuals, many patients are unable

to receive implant treatment because of medical, psy-
chologic, or financial constraints. Thus, conventional
complete dentures will remain an important therapy for
edentulous patients. Furthermore, the aging population
will lead to a rising number of edentulous patients
with atrophic mandibles. Therefore, in the future, the
application of resilient denture liners may become

clinically more frequent compared to conventional
acrylic resin–based dentures.

Resilient denture materials have been used for
decades and actively studied in the dental materials1,2

and bacteriologic fields.3,4 However, few valid reports
on their clinical efficacy have been published. There is
substantial need among general clinicians for evidence
of the efficacy of resilient denture materials with com-
plete dentures. The purpose of the present study was
to determine whether there is any difference in patient
satisfaction and preference between conventional
heat-activated acrylic resin–based (AR) and permanent
silicone-based resilient denture liner (SR) in mandibu-
lar dentures, with both types opposed by maxillary
dentures with conventional heat-activated acrylic resin.

Materials and Methods

Study Population

Edentulous male and female patients (aged 50 to 80
years) at Nihon University School of Dentistry at
Matsudo Affiliated Hospital, Chiba, Japan, who were
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willing to undergo new complete denture treatment,
were selected to participate in the study. Subjects par-
ticipated in this study after informed consent was ob-
tained. Exclusion criteria were: (1) systemic or neuro-
logic disease; (2) lack of understanding of written or
spoken Japanese; and (3) fewer than 2 years elapsed
since the final tooth extraction(s). The protocol of the
study was reviewed and approved by the Human Ethics
Committee at Nihon University School of Dentistry at
Matsudo (issue No. EC01-001).

Study Design

A randomized controlled clinical trial with two-period
cross-over was carried out from February 2000 to
August 2002. To allocate equal gender proportion in
both arms, a random permuted block within the strata
method5 was used. Subjects were randomly allocated,
using a computer-generated random-number table,
into either arm of the cross-over groups (AR-SR/SR-
AR). Both groups received two sets of complete max-
illary and mandibular dentures: The AR-SR group re-
ceived the AR denture first, followed by the SR denture,
and the SR-AR group received the dentures in the re-
verse sequence (Fig 1). Seeking 20-mm differences
with a standard deviation of 32 mm in general satis-
faction6 between groups on a 100-mm visual analogue
scale (VAS), a total of 23 subjects were required to have
80% power with a two-sided alpha level of 5%.
Considering potential dropout, 28 subjects were en-
rolled in the study. 

Primary outcome was patients’ ratings of general sat-
isfaction with prostheses on 100-mm VAS. As a subscale,

stability, retention, comfort, esthetics, ease of cleaning,
and speaking ability were measured. The data were col-
lected at baseline and 1, 2, and 3 months after com-
pleting adjustments of each sequence. Secondary out-
come was patients’ preference for AR or SR dentures 1
month after completion of the cross-over trial.

Treatment Protocol

Two sets of dentures were fabricated simultaneously,
following a similar study design as Clough et al.7 A pre-
liminary impression was taken using stock trays (COE
Impression Trays, GC) and irreversible hydrocolloid
impression material (Algiace Z, Sankin). Border mold-
ing was done with individual trays and stick modeling
compound (Peri Compound, GC), followed by a wash
impression with zinc-oxide-eugenol impression mate-
rial (Multi Form Impression Paste, Surgident). Master
and duplicate casts were fabricated and mounted with
the same facebow transfer and centric relation record
on the same articulator (Hanau H2, Teledyne Waterpik). 

After the processing of dentures, one set was in-
serted for the first-period trial according to the assigned
order. Remounting and occlusal correction were com-
pleted at the insertion appointment. Postinsertion ap-
pointments for adjustments were scheduled until the pa-
tients were comfortable and free of tissue irritation. One
month after completion of denture adjustments, subjects
returned to the clinic three times, at 1-month intervals,
for assessment of their level of satisfaction. The alter-
native prostheses were then inserted for the second-pe-
riod trial and adjustments. One month after the end of
the second-period trial, subjects were asked to return

Randomized (n = 28)

First-period trial

Second-period trial

AR-SR (n = 14)

Intervention, AR (n = 14)

Intervention, SR (n = 11)

Completed, AR (n = 11)

Completed, SR (n = 10)

Withdrew:
•During adjustment (n = 1)

•After completion of
adjustment (n = 2)*

Withdrew:
•After completion of
adjustment (n = 1)*

SR-AR (n = 14)

Intervention, SR (n = 14)

Intervention, AR (n = 11)

Completed, SR (n = 11)

Completed, AR (n = 10)

Withdrew:
•During adjustment (n = 2)

•After completion of
adjustment (n = 1)*

Withdrew:
•After completion of
adjustment (n = 1)*

Fig 1 Participant flow diagram. AR = acrylic resin–based denture liner; SR = permanent sili-
cone–based resilient denture liner; * = included in intention-to-treat analysis.
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to the clinic to give their final preference for the pros-
theses. All treatment was performed by one prostho-
dontist. Blinding was not feasible, since it was clear for
both patients and clinicians which materials were used. 

Laboratory Protocol

The prostheses were replicated as closely as possible to
ensure identical angulations, tooth position, occlusal
vertical dimension, and occlusion. The denture teeth
(Endura, Shofu) were arranged in bilateral balanced
occlusion. The SR dentures were processed according
to the manufacturer’s instructions: Conventional dough-
stage heat-activated acrylic resin denture base mater-
ial (Urban, Shofu) was packed against the master cast,
which was covered with a 2-mm wax spacer. After re-
moving the wax spacer, resilient lining material
(Sofreliner MS, Tokuyama) was inserted to replace it,
and the flask was packed and processed. The AR den-
tures were processed with conventional heat-activated
acrylic resin denture base material only. The curing
cycle for both types of prostheses was 90 minutes at
70°C, followed by 30 minutes at 100°C. All laboratory
work was done by one prosthodontist.

Statistical Analysis

The comparison of baseline characteristics for partic-
ipants between AR-SR and SR-AR denture groups was

performed by t test. Analyses of the satisfaction ratings
of AR and SR dentures were performed by two-way
analysis of variance (ANOVA) and Bonferroni multiple
comparison post hoc testing. Carry-over effect and
period effect8 for satisfaction were analyzed by t test.
Analysis of denture preference was performed by the
chi-square goodness-of-fit test. P values below .05
were considered statistically significant. 

To maintain the randomized condition, analyses were
based on the intention-to-treat principle9,10 (ie, data
from dropout subjects who received at least one of the
new dentures were included in the analysis). The last
available data before dropout were used for missing
data of satisfaction ratings. For preference, the denture
in place at the time of dropout was determined as the
preferred denture. The computer statistical package Dr
SPSS II for Windows (SPSS) was used for this analysis.

Results

There were no significant differences between AR-SR
and SR-AR baseline characteristics (P � .05; Table 1). Of
28 subjects, 20 completed the trial. Three subjects
dropped out before completion of denture adjustment in
the first period, and five dropped out because of loss of
their determination to continue in the trial after receiv-
ing at least one denture. Since three dropout subjects did
not receive even one denture and failed to make an as-
sessment, they were excluded from analysis. Five dropout

Table 1 Mean (Standard Deviation) Baseline Characteristics of the 28 Subjects
Enrolled in the Trial

AR-SR group SR-AR group
Characteristic (n = 14) (n = 14)

Age (y) 71.7 (7.0) 69.4 (6.6)
Gender (male/female) 7/7 6/8
Edentulous period (y) 11.3 (8.0) 13.5 (8.0)
Age of existing dentures (y) 7.9 (6.7) 6.0 (7.6)
No. of previous dentures 3.0 (3.4) 2.6 (1.2)

AR = acrylic resin–based denture liner; SR = permanent silicone–based resilient denture liner.

Table 2 Mean (Standard Deviation) of 25 Patients’ Satisfaction Ratings of Complete Dentures on 100-mm VAS

Baseline 1-mo exam 2-mo exam 3-mo exam Final exam
Parameter (existing denture) AR SR AR SR AR SR AR SR

General satisfaction 44 (30) 88 (11) 88 (10) 89 (10) 89 (13) 89 (11) 89 (13) 89 (11) 91 (8)
Chewing 49 (31) 88 (13) 87 (14) 91 (11) 91 (12) 90 (12) 93 (10) 90 (11) 91 (10)
Speaking 56 (31) 88 (16) 89 (16) 88 (17) 89 (18) 89 (12) 89 (14) 90 (11) 89 (15)
Cleaning 66 (30) 88 (22) 85 (22) 92 (13) 91 (17) 90 (15) 90 (14) 92 (13) 92 (10)
Stability 43 (35) 88 (15) 89 (16) 91 (14) 90 (17) 91 (13) 91 (13) 91 (12) 91 (13)
Retention 45 (35) 87 (19) 87 (19) 88 (19) 88 (20) 86 (20) 80 (19) 88 (20) 89 (21)
Comfort 48 (34) 88 (13) 89 (12) 88 (15) 90 (18) 89 (13) 87 (17) 87 (15) 90 (14)
Esthetics 67 (28) 92 (12) 93 (12) 93 (11) 94 (11) 93 (8) 92 (13) 92 (7) 91 (13)

VAS = visual analogue scale; AR = acrylic resin–based denture liner; SR = permanent silicone–based resilient denture liner.
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subjects had at least one new denture delivered; thus,
their data were included in the intention-to-treat analy-
sis (Fig 1). The satisfaction ratings for SR dentures were
not significantly different from those for AR dentures (P
� .05; Table 2). Carry-over effect and period effect were
not observed (P � .05). Of 25 subjects, 18 and 7 preferred
SR and AR dentures, respectively (P � .05). 

Discussion

This cross-over trial found no differences between pa-
tients’ subjective ratings of AR and SR dentures mea-
sured with 100-mm VAS evaluating general satisfac-
tion, stability, retention, comfort, esthetics, ease of
cleaning, speaking ability, and chewing ability. This
differed from earlier results reporting that application
of resilient denture liner to mandibular complete den-
tures improves patient satisfaction ratings on VAS
significantly in comparison to conventional acrylic
resin–based dentures.11 However, those subjects were
limited to excessive atrophic ridge and prevalence of
consecutive pain in the mandible. In our study, the
subjects were recruited from a wide spectrum and
were thus considered to be a more generalized sam-
ple. This difference would reasonably explain the dis-
parity in patient ratings between the two studies, and
it is considered that using a wide spectrum of subjects
will result in equivalence between resilient and acrylic
resin materials by measuring with VAS. It is speculated
that VAS is less sensitive in making distinctions be-
tween extremely similar appliances, whereas VAS
does indeed perform sufficiently well in detecting the
differences in ratings between various implants and
conventional complete dentures in comparative stud-
ies.12 Patient preference in the present study, however,
was significantly positive with SR dentures (72%),
corresponding with the results that subjects show
the same preference for resilient compared to acrylic
resin materials.13

The disparity of results between VAS and patient
preference indicates the limitation of VAS not only in de-
tecting small differences between appliances, but also
in measuring patient perception involving private satis-
faction. Similar results were reported by others,14 who
concluded that disparity exists between patient satis-
faction and preference with two different types of at-
tachment of mandibular implant overdentures, magnet
and O ring; also, Awad et al15 discuss that patients’ per-
ception of prostheses cannot be measured based merely
on satisfaction with prostheses. Some authors16 suggest
that oral health–related quality of life measured by the
Oral Health Impact Profile is appropriate for use in eden-
tulous patients. From a psychologic point of view, it is
known that preference is based on both reason and
emotion. Although the preference is straightforward

(“desire to use SR dentures” was explicitly expressed by
the respondents), decision making may be influenced
by cognitive and affective components. Triandis17 the-
orizes that intention is composed of perceived conse-
quence, social factors, and affect. Thus, methods of fu-
ture research to find “intention of wearing/choosing SR
denture” should make a shift toward a qualitative ap-
proach, ie, the factors for measuring patients’ percep-
tion of prostheses should include not only ratings based
on function and esthetics of dentures, but also issues
collected through in-depth open-ended questions and
analyzed in a scientific manner. 

The wide spectrum of edentulous subjects, cross-
over design, and randomization to control bias in the
present trial led to a result considered to be applica-
ble in a clinical setting. In spite of the disparity between
VAS and preference, the result gives clinically signif-
icant implications for clinicians to predict the progno-
sis of the mandibular complete denture using two dif-
ferent denture base materials, ie, applying permanent
silicone–based resilient denture liner to a mandibular
complete denture is an effective treatment from the
viewpoint of patient preference. A further follow-up of
these subjects is scheduled to track the influence of
long-term effects. 
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Literature Abstract

Factors influencing the removal of posts.

This in vitro study investigated whether cement selection, metal type, and ultrasonic vibration
affect the tensile force required to remove prefabricated parallel-sided posts from root canals.
Ninety extracted canines were sectioned 1 mm coronal to the cementoenamel junction and
embedded in acrylic resin. Post spaces were created with a No. 5 ParaPost drill to 10 mm. The
teeth were randomly divided into three groups (n = 30) according to cement type, ie, zinc phos-
phate (Zinc Cement Improved), glass-ionomer (Fuji I), or resin composite (Panavia F). For
each cement group, three subgroups were formed randomly according to metal type and ultra-
sonic vibration. ParaPost XP No. 5 stainless steel posts were placed in 20 canals, and
Parapost XP No. 5 titanium posts were inserted in 10 canals. Half of the cemented stainless
steel posts in each cement group were subjected to ultrasonic vibration for 16 minutes before
testing. A scaler tip was applied to the post 2 mm above the coronal surface of the root. The tip
was moved 360 degrees around the post to induce resonance. All specimens were stored in
saline at 37°C for 2 weeks before testing. A tensile force at a cross-head speed of 5 mm/min
was applied to remove the cemented post, and the dislodging force was recorded. The highest
force recorded was 224.69 N (SD 99.26), which was required to remove the stainless steel
post cemented with zinc phosphate and no ultrasonic vibration. Univariate ANOVA revealed no
statistically significant differences between the nine subgroups at the .05 level. The three vari-
ables studied did not affect the force required to remove posts.

Hauman CHJ, Chandler NP, Purton DG. Int Endod J 2003;36:687–690. References: 16. Reprints: Dr C.
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