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Many clinicians and patients consider a fixed par-
tial denture (FPD) as the best therapy for restor-

ing missing teeth. The alternatives have traditionally
been the acrylic resin or cast removable partial den-
ture (RPD), which may be preferable in patients who
need replacement of large amounts of tissue, when the

prognosis of the remaining teeth is poor, and when
there is a lack of posterior abutments as retainers.
However, an RPD is associated with potentially nega-
tive adverse outcomes, such as increased caries inci-
dence and nonphysiologic loading of the retaining
teeth and patient dissatisfaction due to poor adapta-
tion.1 Implant-based prostheses may be the optimal so-
lution in some circumstances, but many patients fear
the required surgery and some also consider the treat-
ment costly. A disadvantage with the FPD is the need
for a substantial amount of hard tissue removal to
allow for an optimal insertion path and material bulk
for sufficient strength and masking of the underlying
metal substructure.2 The process is also time-con-
suming and requires a high level of operator clinical
skills.2 The biologic costs are reflected in a relatively
high incidence of pulpal damage.3 For these reasons,
investigators have long searched for alternative tech-
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nical solutions. A technique that was favored for a pe-
riod was the so-called pin-ledge preparation, where
the retainers were only partially prepared.
Unfortunately, the incidence of both technical as well
as biologic complications with pin-ledge prostheses
was high.3 A more modern alternative is to cement a
cast framework to acid-etched enamel with a resin
composite.4,5 Initially, it was believed that a tooth
preparation was not required in these cases.4 Clinical
experience, however, has shown that some basic ele-
ments of preparation for FPD abutments are still re-
quired to resist the long-term effects of axial and hor-
izontal forces.5

Today, rapid developments in biomaterial research
have led to the promotion of a large number of alter-
native technical solutions. Most involve the use of
fiber-reinforced composite resins, although attempts to
use other types of materials have also been reported.6

Many of these new products may seem promising on
the basis of their mechanical-physical properties.
However, it is mandatory that the strengths and weak-
nesses of these new fiber-reinforced polymer (FRP)
materials be demonstrated in the oral environment be-
fore they can be embraced by dental practitioners. 

The current study is a systematic review of all com-
mercially available FRP products promoted as alterna-
tives to conventional fixed prosthodontics. The aim of
the study was to identify the documentation used to
promote these products, and secondarily, to critically
appraise this documentation for the strength of the re-
search methodology, if any. Our hypothesis was that
there is a lack of adequate clinical trials to demonstrate
that this intervention benefits the patients in terms of
FRP-FPD survival, esthetic results, and reduction of
costs.

Materials and Methods 

First, we identified all commercially available FRP prod-
ucts and manufacturer names. MEDLINE was
searched to find papers published after 1990 using dif-
ferent key words—eg, denture, partial; dental prosthe-
sis; alternative bridge construction; alternative fixed
partial dentures; fiber composite; resin-bonded
bridge—in combination with the “related articles” fea-
ture in PubMed. All abstracts were appraised to iden-
tify product names. In addition, the authors attended
several large dental trade exhibitions, including the
2003 International Dental Society exhibition in Cologne
and the Fédération Dentaire Internationale exhibitions
in Sydney, Australia, in 2003 and New Delhi, India, in
2004 to search for products that use FRP technologies.
Next, we identified the clinical documentation for all
the different products. All the identified manufactur-
ers were solicited for background information about

their product, and their Internet home pages were
searched for further information. All pamphlets,
leaflets, and other promotional material were scruti-
nized for references to clinical data. The abstracts
identified in the original MEDLINE search were re-
viewed again, this time to identify papers that possi-
bly could contain clinical data. These papers were
read in full by two of the authors, who assessed inde-
pendently whether any clinical data was included.
Moreover, the reference lists of these papers were
hand-searched to identify other clinical trials and/or
the names of other products. 

Finally, the study characteristics of the papers con-
taining clinical results were recorded and the method-
ologic strength of each study was established. Two of
the authors extracted the clinical data, while the third
author verified the accuracy of the extracted data. 

Results 

Different technologic solutions for the fiber reinforce-
ment of polymers have been applied for commercial
products (Table 1). Distinctions can be noted regard-
ing fiber materials, fiber forms, and type of polymer. The
most common fiber materials are glass (n = 6) and
polyethylene (n = 3), either unidirectional (n = 6) or
braided (n = 3). 

Nine different combinations of fiber material and
form were identified. These are presented below ac-
cording to product name, with the supported identified
clinical data sorted according to study methodology
and year of publication. 

Polyethylene, (Leno-)Woven Fibers

Ribbond (Ribbond). Case series #1. Thirty-seven
inlay/onlay laboratory-made FRP-FPDs were moni-
tored for 3 years.7 Thirty-five FPDs were still in situ after
3 years, and the author concluded that the results were
encouraging, but that 3 years is a short observation
time. 

Case report #10. One case is presented8 involving the
replacement of missing maxillary lateral incisors while
waiting for implant treatment, using an intraorally made
FRP-FPD. 

Case report #9. Different clinical applications for
FRP uses are described, but no clinical data are pre-
sented.9

Case report #8. An immediate tooth replacement
using the extracted maxillary central incisor to replace
itself is described.10 It is claimed to function satisfac-
torily 1 year after placement. 

Case report #7. A direct replacement of a maxillary
central is described11 and is reported to function ade-
quately after 6 months. 
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Case report #6. Two case reports are described12 in
which a direct technique is used to manufacture FPDs,
and both are reported to function satisfactorily after 6
and 12 months. 

Case report #5. An interim replacement of a maxil-
lary central incisor is described13 using an indirectly
manufactured FRP-FPD. 

Case report #4. The technique for manufacturing a
FRP-FPD using a indirect technique is described.14

Case report #3. A technique for the direct fabrica-
tion of a FRP-FPD is described.15 The FPD was re-
ported to be in place for 6 months before being re-
placed with a conventional FPD. 

Case report #2. The preparation of an inlay FPD
manufactured at a dental laboratory to replace a miss-
ing mandibular premolar is described.16 

Case report #1. An indirect method to replace 2
maxillary central incisors in a child is described.17 The
method included minimal tooth preparation, ie, shal-
low grooves on the labial surface of the maxillary lat-
eral incisors. 

Polyethylene, Braided Fibers

The single product in this category was Connect fibers
(Kerr). A single article was found on Connect fibers18

describing a case with the replacement of 2 missing
maxillary lateral incisors, using an intraorally made
FRP-FPD.19 The clinical procedures are described. No
product name is mentioned in the article, but the paper
is referred to on the manufacturer's website. 

Polyethylene, Unidirectional Fibers

The sole product in this category is DVA reinforcement
fibers (Dental Ventures). The manufacturer claims on
their website that the product has been used suc-
cessfully for over 10 years to strengthen all type of den-
tal appliances. 

Kevlar, Unidirectional Fibers

Fibreflex (BioComp) is mentioned in one article pub-
lished in 2001,20 but it is not known whether the prod-
uct is still being marketed. It is the only product that
is based on Kevlar, which is produced by DuPont.
There is no information regarding the use of this prod-
uct in dentistry on the website of DuPont
(www.dupont.com).

Glass, Woven Fibers

Fiber-splint (Polydentia) is promoted as an indirect
system for fabrication by a Swiss dental laboratory. No
references could be found in the dental literature. 

Glass, Braided Fibers

One report was found regarding GlasSpan
(GlasSpan).21 In it, 2 cases are described to demon-
strate the use of 1 direct and 1 indirect technique to
manufacture 2 different types of FPDs (one using
Kevlar-type fibers and another using GlasSpan). 
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Table 1 Fiber-Reinforced Polymer Products Promoted as Alternatives to Fixed Partial
Dentures as of October 2004 and No. of Clinical Studies Documenting Their Use 

Fiber material/ Product name Cohort Case Case
form (manufacturer) study series reports

Polyethylene
Weave (Leno-) Ribbond (Ribbond) - 1 10
Braid Connect fibers (Kerr) - - 1
Unidirectional DVA fibers (Dental Ventures) - - -

Polyalkane 
Braid Fiberspan NSI (Nulite Systems International) - 1 -

Kevlar
Unidirectional Fibreflex (BioComp) - - -

Glass 
Weave Fiber-splint (Polydentia) - - -
Braid GlasSpan (GlasSpan) - - 1
Unidirectional Splint-it (Jeneric/Pentron) - 1 -

FibreKor/Sculpture  (Jeneric/Pentron) 1 - 3
Stick/Sticknet/Everstick (Stick Tech) 1 1 3

Unidirectional Vectris/Targis (Ivoclar/Vivadent) 4 2 2
mesh
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Glass, Unidirectional Fibers

FibreKor/Sculpture (Jeneric/Pentron). Cohort study
#1. Indirectly made FRP-FPDs with 2 different designs
were observed for up to 37 months.22 The 2 designs
were extracoronal full coverage (n = 22) and intra-
coronal partial coverage (n = 17) FRP-FPDs. Several
early failures with a low volume of polymer versus
fibers prompted the investigators to change to a higher
polymer volume. The high volume restorations demon-
strated a 95% survival rate after 3 years. 

Case report #3. The fabrication of 2 3-unit FRP-
FPDs is described.23

Case report #2. Three cases in which 2 different FRP-
FPD products, Splint-It and FibreKor, were used are de-
scribed to highlight current clinical uses of FRP.24

Case report #1. One case is described in which a
maxillary central incisor was replaced using the ex-
tracted tooth crown as a pontic in an intraorally made
FRP-FPD.25 The interim construction was reported to
have been in place for 4 months prior to the final tooth
preparation and placement of a definitive FPD. 

Splint-it (Jeneric/Pentron). Case series #1. A
method for manufacturing FPDs chairside is described.
The method was applied to the treatment of 20 pa-
tients.26 One patient had used the FPD for 42 months
without any failure of the fiber structure or debonding.
There was no mention of the fate of the remaining 19
FRP-FPDs in the study.

Stick/Sticknet/Everstick (Stick Tech). Cohort
study #1. Thirty-seven FRP-FPDs were made on den-
tal casts and then cemented in place.27 Eight clinicians
carried out the treatments using 3 different FPD de-
signs. The patients were examined every 6 months.
Partial or total debonding was considered failure, and
the estimated survival rate using these 2 criteria was
93% after 23 months. 

Case series #1. Twenty-nine FRP-FPDs were evalu-
ated after up to 63 months (mean 42 months with a min-
imum of 24 months).28 The estimated survival was 75%
at 63 months, according to Kaplan-Meier statistics. 

Case report #3. Four patient cases highlighting the
use of FRP-FPDs are described.29 In 1 case, an ex-
tracted tooth in a direct FPD is used; in another case
the indirect replacement of the maxillary left first pre-
molar by making a provisional FPD with wings labial
and lingual on the adjacent teeth. The 2 last cases
demonstrate how to make an FPD chairside on a den-
tal cast and cementing the FRP-FPD. 

Case report #2. One case is presented describing
how to increase the bonding surface of an FRP-FPD by
using labial and buccal undercuts with preparing abut-
ments.30 A successful 2.5-year follow-up period is
claimed. 

Case report #1. One case is described31 in which an
indirectly made FRP-FPD replacing a missing canine
and premolar has functioned for 1 year. 

Glass, Unidirectional Fibers in Mesh

Vectris and Targis (Ivoclar/Vivadent). Cohort study
#4. Twenty-two FRP-FPDs were evaluated after up to
4.4 years, with a mean observation period of 2.5 years.32

Two designs were used: adhesively fixed inlay-retained
FPDs (n = 17) and conventionally cemented complete-
coverage FPDs (n = 5). The estimated cumulative sur-
vival rate at 3 years was 72% for the inlay FPDs. 

Cohort study #3. This retrospective study reported on
39 patients treated with 67 FRP-reinforced single crowns
and 83 FRP-FPDs.33 Twenty-eight FPDs were cemented
with a temporary cement and 55 were cemented with a
zinc-phosphate or glass-ionomer cement. The estimated
survival rate was 59% at 3 years according to Kaplan-
Meier statistics. A lower survival rate was observed for
the FPDs cemented with temporary cement (55%) ver-
sus zinc-phosphate or glass-ionomer cement (68%).
The authors concluded that glass fiber-reinforced FPDs
with Vectris/Targis showed a lower success rate than
metal-ceramic FPDs and that FRP-FPDs could not be re-
garded as definitive restorations. 

Cohort study #2. Laboratory-manufactured FRP-
FPDs with 2 different designs—parallel fibers (n = 19)
versus parallel and woven fibers (n = 22)—were ob-
served for 1 to 4 years.34 The fracture rates were 16%
and 5%, respectively, in the 2 groups. No other differ-
ences were noted regarding color match, marginal dis-
coloration, secondary caries, surface texture, marginal
adaptation, fracture, and postoperative sensitivity. 

Cohort study #1. Twelve FRP-FPDs that had func-
tioned for an average of 15 months were compared to
11 ceramic FPDs that had been in situ for an average
of 10 months.35 All the ceramic FPDs were of the inlay-
retained type, of which one fractured during the ob-
servation period. 

Case series #2. Forty FRP-FPDs, mainly of the inlay-
abutment type, were made for 29 patients.36 The FPDs
were manufactured with a simplified laboratory tech-
nique and bonded to the abutments. The FPDs were
clinically examined after 1 year, and 25 FPDs had been
functioning with success for 2 years. 

Case series #1. Twenty inlay FRP-FPDs were made
for 15 patients using a simplified laboratory tech-
nique.37 After 1 year, all the FPDs were intact. 

Case report #2. A case describing a FRP-FPD re-
placing the maxillary right second premolar, with inlay
retainers on the first premolar and first molar, is pre-
sented.38 The FPD had been followed for 4 years with-
out failure. 
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Case report #1. A case describing a laboratory-made
FRP-FPD to replace a mandibular molar is described.39 

Other Fibers

Descriptive paper #3. Twelve patients with 14 single-
tooth replacements were monitored for 1 year.40 No
tooth preparations were carried out, with the rationale
that the fiber system, named “experimental S2 glass
fibers,” represented a purely adhesive restoration sys-
tem. The estimated survival was 50% at 1 year ac-
cording to Kaplan-Meier survival statistics. 

Descriptive paper #2. The literature concerning
immediate prosthetic tooth replacement is reviewed
with examples of different clinical techniques.41 No
actual brands of fibers are mentioned. 

Descriptive paper #1. A presentation is made of
the HTS carbon fibers,42 manufactured at the time of
publication by the Hercules Company, which are en-
capsulated with epoxy resin under the trade name
Magnamite. It was introduced for esthetic crowns and
FPDs, but no further reports about this product have
been identified in the literature.

Quality of Scientific Documentation

The different FRP commercial products can be broadly
categorized into 3 levels according to the scientific
documentation of their intended clinical use: (1) cat-
egory A: several clinical studies exist of adequate study
design (cohort, prospective); (2) category B: fewer
than two such studies exist, although additional case
reports have been published; and (3) category C: 
no identified clinical studies have been published to
support use of the product. Only 1 product qualified 
to be listed in category A, while 5 products were in 
category C. 

Category A. Several clinical studies. Vectris/Targis
has been described in 6 different clinical studies. The
general consensus of these studies varies. The longest
and largest studies do not support the use of
Vectris/Targis as a permanent treatment. 

Category B. Few clinical studies. Fiberspan NSI,
Ribbond, FibreKor/Sculpture, Splint-it, and
Stick/Sticknet/Everstick fall into this category. These
products are described in at least 1 cohort study and/or
case series. The papers, in general, favor the use FRP
as an alternative to conventional fixed prosthodontics.
One needs to be aware that Stick, Sticknet, and
Everstick represent three generations of the same
product, although the basic components remain sim-
ilar. Only Stick has been evaluated, in 2 studies, and
Sticknet and Everstick remain undocumented.
However, the follow-up times are relatively short, which
is also acknowledged in some of the papers. Ribbond

has been described in as many as 10 case reports but
only in one case series and no cohort studies. 

Category C. Reports are lacking or are inadequate.
Connect fibers, DVA fibers, Fiber-splint, Fibreflex, and
GlasSpan can be classified as category C. No clinical
data beyond an occasional case report for GlasSpan
and Connect fibers could be identified. 

Discussion

Most of the articles used by the manufacturers men-
tioned in this report to support their claims of high suc-
cess rates of their products are case reports. In gen-
eral, the papers favor the use of FRP-FPD, with the
belief that the patient is provided with an acceptable
esthetic result with reduced costs and a substance-
conserving preparation leading to less tooth trauma
and a long-lasting restoration. The longitudinal stud-
ies reported general failure rates between 5% and 16%
over periods up to 4 years.22,27,34 One study reported a
much higher failure rate of 40% over a 3-year period.33

To compare the success rates of different studies, one
must be sure that the same treatment outcome crite-
ria are being assessed and assessed consistently in the
same way. Clinical conclusions that focus on handling,
cost, and esthetics are difficult to compare because
these criteria are often assessed subjectively. Some of
the reports give the impression of “it works in my
hands.” This is not necessarily bad, as all data from clin-
ical studies are an important part of the development
in the field of dentistry. However, the fact that some
treatment techniques work for some clinicians does not
permit the clinical outcome to be generalized to a
larger population of practitioners. 

No papers could be identified where 2 different FRP
products were compared on a longitudinal basis. This
invalidates any attempts to compare the clinical per-
formance of different products, because of the vast
number of identified and confounding variables af-
fecting the outcomes of such treatments—operator,
material, and possibly patient cofactors.

Examples of operator variables are the design of the
abutment preparation (if any), eg, inlay, full-crown cov-
erage, and with or without buccal and lingual flanges.
Moreover, the amount of fibers incorporated in the
construction is relevant; for example, one study showed
that a high-volume FRP-FPD had a higher success
rate compared to constructions with a low volume of
fibers.22 Furthermore, the quantity of the polymer—
notwithstanding the possible covariation effect with the
quality of this polymer—has a direct influence of the
success rate of the construction. Also, the marginal
adaptation of the FRP-FPD to the abutments may in-
fluence the retention of plaque and risk of biologic
complications. Finally, it may be assumed that FRP-
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FPDs made intraorally will be more prone than labora-
tory-made ones to negative influences of operator fac-
tors. This is especially relevant for the most technique-
sensitive products, which remain unidentified. 

Variations in material factors include the type of
core fiber materials and their form, the method of pre-
treatment of the fibers, and the compatibility with a spe-
cific or proprietary polymer. The relevance of these
factors remains to be determined in clinical trials, as it
is not possible to deduce which of these elements
have direct effects on clinical behavior. The core ma-
terial can be made out of various forms of glass, poly-
ethylene, Kevlar, or carbon fibers, which all display dif-
ferent physical-mechanical properties. Moreover, the
fiber may be unidirectional, braid, mesh/network,
“Leno” woven, or woven. This may be of importance
when it comes to adaptability and manageability of the
fibers, the degree to which they unravel when cut or
manipulated, their ability to reinforce multidirectionally,
and finally, the durability and impact absorbance of the
fibers. The majority of the few published clinical stud-
ies report on unidirectional glass fibers. Whether this
is a reflection of truly better effectiveness of these
fiber-reinforced materials, of publication bias, or of
lack of commercial funding for carrying out trials is un-
known, but all alternatives are relevant explanations. 
One may attempt to identify the risk factors for clinical
failure of FRP-FPDs by methodically recording the rea-
sons for failures of FRP-FPDs. Unfortunately, these are
rarely reported or described in detail. Technical failures
prevail over biologic problems. Several investigators re-
port that the main clinical problems with FRP-FPDs
seem to be delamination or partial delamination of the
veneering material from the fiber framework, wear,
and discoloration, especially if the fiber materials are
exposed.32 Fewer failures resulting from debonding
from the tooth or actual fracturing of the fiber frame-

work have been reported.19,35 Other authors have re-
ported, in contrast, that fractures along with discol-
oration are the second most common problem.34 The
variety in the reasons for failure may be the result of
differences in products and handling and are proba-
bly also time-related. However, the general impression
is that it is the polymer veneering material and its ad-
hesion to the core fibers that seems to be the weakest
link of these constructions. 

When good clinical trials are lacking, it is tempting
to extrapolate estimates of clinical behavior on the
basis of morphologic and/or mechanical-technical
properties. Some differences are revealed when pub-
lished laboratory data are examined (Table 2). However,
many of these data have been produced without tak-
ing into account various highly relevant clinical ele-
ments. One example is water absorption, which dra-
matically affects a property such as flexural strength50

and may have an influence on survival rate in vivo.
There are also several problems when comparing the
laboratory data. For example, in some reports the frac-
ture resistance is reported in Newtons—ie, the size of
the external force applied to the material—whereas
other reports provide this statistic in megapascals,
which is the employed force per surface area (1 MPa
= 1 N/mm2). 

Moreover, the wide range of reported values can be
explained by different experimental variables related to
the test sample, the experimental setup, and/or the
loading setup. The test sample may vary in construc-
tion design (and may or may not resemble an actual
FPD), in span lengths, geometries, and the amount of
fibers incorporated into the sample. The abutments
that retain the test sample have variable surface qual-
ities and geometries, and both extracted teeth and
casts made from a wide spectrum of materials have
been used. Occasionally, the test samples have even
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Table 2 Fracture Resistance and Strength Values of Fiber-Reinforced Polymer Products 
Based on In Vitro Experimental Studies 

Product (fibers/ Kolbeck Pfeiffer and 
composite resin) Behr et al43 Behr et al44 et al45 Loose et al46 Grube47 Saygili et al48 Vallittu49

Polyethylene
Connect/Belleglass – 940 N 898 N – – – –
Ribbond/Sinfony – – – – 252–429N† – –

Glass
Fibrekor/Sculpture – 524 N 368 N – – – –
Vectris/Targis 1457–1553 N 923–1361N 723 N 1305–1470 N 640–658 N† – –
Stick (experimental)/ – – 634 N – – – 973N†

Stick/Sinfony
Kevlar – – – – – 91 MPa† –
E-Glass – – – – – 109 MPa† –

All values are the median values, except where stated otherwise.
†Mean values.
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been retained by cement, which also introduces addi-
tional confounding variables into the measurement in-
terpretations. The loading speed and the geometry of
the loading apparatus will influence the results. Finally,
the testing environment is very important. For example,
measurements such as these should preferably be
done in a wet environment, since these constructions
are meant to be placed intraorally, and laboratory mea-
surements made in a dry experimental environment are
of questionable relevance. 

Conclusion

Different technologies for FRPs intended for fabrication
of FPDs have been developed. Very few of the com-
mercial products based on these technologies demon-
strate robust clinical documentation to support their
use. The scientific evidence for advocating FRP-PRDs
as an alternative to conventional FPDs is poor, as evi-
denced by a small number of published studies, non-
rigorous study designs, and short observation periods.
Although FRP-FPDs have the potential to become a
cost-effective treatment option in selected patient
cases, these solutions should be considered as an in-
terim treatment until larger and longer trials employ-
ing more rigorous study designs have been published. 
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Literature Abstract

In practice evaluation of a denture adhesive using a gnathometer

The purpose of this clinical study was to evaluate the effect of denture adhesive on maxillary
denture performance and patient perceptions. Private practitioners were solicited to assist in
recruitment of their own patients as subjects and to administer the study. The participating clinicians
recruited 194 patients (39% male, 61% female) with maxillary complete dentures. Of this population,
50.2% had a mandibular removable complete denture, 34.4% had a mandibular removable partial
denture, and 15.4% had lower natural dentition and/or an implant supported prosthesis in the lower
arch. The average age of the subjects was 66.6 years old, and 61.8% were currently using
adhesives. The gnathometer was used to assess the subjects' anterior bite force (0 to 10 scale) to
denture dislodgement before and after the application of a denture adhesive on their maxillary
complete denture. Subjects were also asked to evaluate denture performance, speaking and
chewing, fit and comfort, and confidence as “improved,” “same,” or “worse” with the adhesive versus
without the adhesive. The average force of dislodgement for dentures without adhesives was 3.3
compared to 5.2 with adhesive. At least 63.4% of the subjects found an improvement in bite force
with the use of the adhesive. Subjects also perceived improvement with use of adhesive as
compared to without adhesive in the following areas: 79.45% in denture performance, 55.9% in
speaking and chewing, 55.9% in fit and comfort, and 64.0% in confidence. Unfortunately, no data
was collected on instrument reliability, and no statistical analysis was carried out on the data
collected. 
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