University of Connecticut

OpenCommons@UConn
SoDM Masters Theses

School of Dental Medicine

June 2004

Photometric Analysis of a Maxillary Complete
Denture Impression Technique Using Modified
Selective Pressure
Sangeetha Raghavendra

Follow this and additional works at: https://opencommons.uconn.edu/sodm_masters
Recommended Citation
Raghavendra, Sangeetha, "Photometric Analysis of a Maxillary Complete Denture Impression Technique Using Modified Selective
Pressure" (2004). SoDM Masters Theses. 110.
https://opencommons.uconn.edu/sodm_masters/110

PHOTOMETRIC ANALYSIS OF A MAXILLARY COMPLETE DENTURE
IMPRESSION TECHNIQUE USING MODIFIED SELECTIVE PRESSURE

Sangeetha Raghavendra

D.M.D, University of Pennsylvania School of Dental Medicine, 2000
General Practice Residency, Veterans Affairs Medical Center, 2001

A Thesis
Submitted in Partial Fulfillment of the
Requirements for the Degree of
Master of Dental Science
at the
University of Connecticut
2004

APPROVAL PAGE
Master of Dental Science Thesis

PHOTOMETRIC ANALYSIS OF A MAXILLARY COMPLETE DENTURE
IMPRESSION TECHNIQUE USING MODIFIED SELECTIVE PRESSURE

Presented by
Sangeetha Raghavendra, D.M.D.

Major Advisor ---7-----~----a.,~~_+__-------

Associate Advisor

~.~_~/
_._~_.
_'_~--:::;;;..~_'--_
. -,_:~. _..-_--

_

Dr. Thomas D. Taylor

Associate Advisor

. .:lI I: ;~_/l_~_/t_·

_C_z_.~_!

"_''-_'.

"

_

Dr. Ann Cowan

Associate Advisor

~_.
_~_.
_~_
. ~_~_~-'.
~v---JJ~'---#-_-"';'

__

Dr. Patchanee R'CJngruanganunt

Associate Advisor

~_+_+_---=---··---R~~Q=-·....;;.;·~~-.-.~

DP:k>hr;R. Ag~rlS-

University of Connecticut

2004

11

_

ACKNOWLEDGEMENTS
My sincere appreciation and thanks to Dr. Robert Kelly, whose support,
guidance, and knowledge made this project possible. I will always remember his
enthusiasm for research, quest for knowledge and his continuous dedication.
I would like to thank Dr. Thomas Taylor for first giving me the opportunity to
pursue this project and for his constant encouragement and mentoring. His objective
view to problem solving fueled this project from the very beginning.
I would like to extend my sincere gratitude to Dr. John Agar. He has been an
outstanding teacher and a friend. His positive attitude and motivation helped me through
the project.
Special thanks to Dr. Ann Cowan for contributing her knowledge in the field of
Biomedical Imaging. Her ability to extend her knowledge in imaging toward a unique
application made this project feasible.
I \AJili forever remember my role model and friend, Dr. Patchanee
Rungruanganunt, whose continuous dedication and unconditional help significantly
contributed to the completion of this project.
I would like to also thank Dr. Jacqueline Duncan for her motivation and support
throughout this project and my residency.
Special thanks to Eileen Chmura and Cynthia Phoenix. Their dedication and
timely assistance helped me complete this thesis. I would like to thank all the
prosthodontic residents and faculty for giving me an opportunity to work with them, and
for their support throughout this project.
Also, without the encouragement, love and support of my family and friends,
none of this would have been possible.

111

DEDICATION

This thesis project is dedicated to my husband, Seshu Badrinath, and my
mother, Saraswathi Ramachandran, whose love, support, and encouragement
inspired me through this project.

IV

TABLE OF CONTENTS

Chapter

Page

List of Tables

vii

List of Figures

viii

I. Introduction

II. Objectives

1

4

i. Specific aims

5

ii. Hypothesis

5

III. Literature Review

6

1. Basic Principles - Retention, Stability, Support

6

2. Factors influencing the basic principles

6

3. Impression techniques

8

3.1. Mucostatic impressions

9

3.2. Pressure impressions

10

3.3. Selective pressure impressions

11

4. Anatomical factors of the edentulous maxilla

13

5. Properties of poly(methyl methacrylate) - PMMA

15

6. Techniques used to assess dimensional changes in dentures

18

7. Rationale & description of the modified selective pressure technique

21

8. Underlying principle of image analysis used in this investigation

22

IV. Materials and Methods

23

1. Subject selection

23

2. First clinical visit and determination of operator variability

24

2.1. Laboratory steps subsequent to first clinical visit

24

3. Second clinical visit

25

3.1. Laboratory steps subsequent to second clinical visit

25

4. Third clinical visit

26

5. Image analysis & development of the photometric denture "fit" protocol

26

5.1. Image calibration

27

5.2. Palatal area defined for measurement

28

5.3. Methods of image capture

29

5.4. Image analysis

30

5.5. Statistical analysis

31

V. Results

u

VI. Discussion

•••••• "

•••• ,

33
40

1. Rationale & physics of measurement technique

40

2. Repeatability of operator measures

42

3. Repeatability of within impression technique measures

42

4. Distortion measurement and analysis

43

5. Clinical findings

46

6. Modified selective pressure technique

48

VII. Conclusions

52

VIII. Future Research

53

IX. Bibliography

84

VI

LIST OF TABLES

Table

Title
Image analysis data of impression specimens
(subject's existing denture}

Page

54

II

Image analysis data of impression specimens
(irreversible hydrocolloid technique).................................................. 55

III

Image analysis data of impression specimens
(minimal pressure technique)

56

Image analysis data of impression specimens
(modified selective pressure technique)

57

IV

VII

LIST OF FIGURES
Title

Figure

Page

Figure 1

Horizontal hard palate with displaceable tissue
lateral to midline.................................................................................... 58

Figure 2

Polymerization shrinkage of heat processed poly(methyl
methacrylate).......

59

Clinical evaluation of a maxillary complete denture using
pressure-indicator-paste

60

Subject's denture seated intraorally with light bodied
polyvinyl siloxane impression material

61

Figure 3

Figure 4

Figure 5

Preliminary cast of the irreversible hydrocolloid
impression.............................................................................................. 62

Figure 6

Custom tray design (minimal pressure technique)

63

Figure 7

Custom tray design (modified selective pressure technique)

64

Figure 8

Final impressions of the minimal pressure
and modified selective pressure techniques

65

Master casts of the minimal pressure
and modified selective pressure techniques

66

Final denture bases processed on casts of
the three impression techniques

67

Figure 9

Figure 10

Figure 11

Impression specimens obtained clinically using the
three final denture bases..................................................................... 68

Figure 12

Micrometer used to fabricate standardized thickness
samples of impression material for calibration................................. 69

Figure 13

Calibration series of standardized thicknesses of
Aquasil LV (0.05 mm to 1.00 mm)

70

Figure 14

Calibration curve (thickness vs. transmitted light)

71

Figure 15

Palatal area measured for the five impression specimens
of subject's denture

72

viii

Figure 16

Palatal area measured for fifteen impression specimens defined
as Region 1 (right palate) & Region 2 (left palate)
73

Figure 17

Digital camera mounted on a tripod at a set distance and
magnification from light source........................................................... 74

Figure 18

Thickness groups "bins" - each thickness group is
represented by a color

75

Color map "histogram" of impression specimens
of subject's denture

76

Figure 19

Figure 20

Operator repeatability (mean

Figure 21

Color map "histogram" of impression specimens
of irreversible hydrocolloid technique

78

Color map "histogram" of impression specimens
of minimal pressure technique

79

Color map "histogram" of impression specimens
of modified selective pressure technique

80

Overall thickness profiles
(mean % area vs. thickness groups)

81

Cumulative thickness profiles
(mean % area vs. thickness groups)

82

Overall thickness profiles for clinical representation
(mean % area vs. thickness groups)

83

Figure 22

Figure 23

Figure 24

Figure 25

Figure 26

%

area vs. thickness groups},

77

I. INTRODUCTION
Retention, support and stability are considered to be important factors for
the clinical success of maxillary complete dentures. In addition to the peripheral
seal, adhesive and cohesive forces between the denture and mucosa play an
important role in retention. Additionally, adaptation of the denture to the hard
palate is very important for support. Thus, retention and support are enhanced by
the close adaptation of the denture base to the underlying mucosa and a thin
interposed film of saliva. Poly(methyl methacrylate) resin, a versatile material
used for denture bases, exhibits polymerization shrinkage during processing that
can lead to distortions in the adaptation of the denture base to the mucosa. Lack
of palatal contact due to processing distortion results in loss of available palatal
support, increasing the importance of the residual ridges for support and
retention. Inevitable ridge resorption puts such a denture at further risk for loss of
support, retention, and stability.
Various authors have discussed three basic concepts for impression
making based on the pressures that are developed: minimal pressure, pressure,
and selective pressure. Each of these techniques has been hypothesized to
provide varying degrees of alteration in soft tissue contours and dimensions, but
to date, no evidence exists to support these assumptions at the level of the final
cast, let alone at the level of the denture after processing. By extension therefore,
clinical evidence supporting these impression technique philosophies remains
undeveloped.
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Traditionally, selective pressure impressions for the edentulous maxilla
have been made with relief over the midline and incisive papilla areas, thereby
recording the relieved areas with minimal pressure, while the denture supporting
areas were recorded with considerable pressure. An alteration of this approach,
displacing glandular and adipose palatal tissue, in an attempt to compensate for
shrinkage of acrylic resin away from the palate during processing, has not yet
been described, nor evaluated clinically. Such a novel variation of the traditional
selective pressure technique, specifically designed in an attempt to compensate
for acrylic resin shrinkage, was employed in this study.
The primary aim of this study was to evaluate whether the modified
selective pressure impression technique can increase the accuracy of fit of
acrylic resin denture bases in the palatal area, where the distortion due to
shrinkage is most severe. A necessary related aim was to develop and validate a
photometric method for quantitatively mapping 3D denture fit, measured at the
level of the subject. The modified selective pressure impression was compared
against a minimal pressure impression and an irreversible hydrocolloid
impression (alginate). In an attempt to minim'ize subject and operator variability,
only one subject and one operator were used.
A standard preliminary impression of the subject's edentulous maxillary
arch (made using irreversible hydrocolloid in a stock tray) was used for
developing the preliminary cast. This cast served as one of the three
experimental casts. Two custom impression trays were made on the preliminary
cast and were used to make the other two experimental casts. Thus, three
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different impressions, with three impression tray designs were made, and three
casts were fabricated. Conventional maxillary dentures were made on the three
casts. Dentures were then analyzed in the subject's mouth to determine their
accuracy of fit. The analysis of fit utilized a novel methodology of measuring
adaptation through the measurement of interpositioned impression material,
representing the oral fluid space or salivary film thickness. The impression
material thickness was calculated using a calibration relationship between
thickness and translucency. Each of the three dentures were evaluated five times
providing fifteen specimens for evaluation of the oral fluid space, representing
salivary film thickness and thus the accuracy of fit. Comparisons among
impression types were based upon quantitative measures of the percentage of
fitting surface areas falling into seven thickness groups and qualitative
assessments made by comparing the three dimensional thickness maps.
This study provides future investigators with a validated tool for the intraoral measure of denture fit, hopefully stimulating testing of the clinical relevance
of numerous denture concepts. Study findings provide sufficient evidence to
allow practitioners to utilize the modified selective pressure impression technique
for maxillary complete dentures in order to improve palatal tissue contact,
increasing retention of acrylic resin maxillary complete dentures.

II. OBJECTIVES
Edentulous patients pose many challenges to the practitioner due to their
complex anatomy and functional demands. Practitioners strive to fabricate
prostheses that are esthetic, comfortable, functional, and retentive. Retention,
support and stability are important factors that are the foundation of successful
complete dentures. Peripheral seal, involving a posterior palatal seal along with
appropriate border extensions, are important factors in retention. Adhesion and
cohesion between the denture and mucosa are variables that directly influence
retention. Adhesive and cohesive forces are a function of the adaptation of the
denture to the mucosa. The adaptation of the denture to the hard palate is also
very important for support. Poly(methyl methacrylate), the predominant denture
base material, has a tendency to distort from the cast due to processing
shrinkage, resulting in loss of palatal contact, and hence, loss of retention via
adhesion and cohesion. This lack of contact on the hard palate will also not allow
for the distribution of forces of mastication to this primary supporting area,
compromising support for the final prosthesis.
The primary objective of this study was to evaluate whether the modified
selective pressure impression technique can increase the accuracy of fit of
acrylic resin denture bases in the palatal area, where the distortion due to
shrinkage is most severe. A necessary related objective was to develop and
validate a photometric method for quantitatively mapping 3D denture fit
measured at the level of the subject for use in this investigation. The modified
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selective pressure impression was compared against a minimal pressure
impression and an irreversible hydrocolloid impression (alginate).
i.

Specific aims
1. This study developed a research method suitable for denture fit

measurement, at the level of the patient. Such work included refining the
accuracy and reproducibly of the photometric fit measure for one subject during
one visit by examining aspects of: (i) operator variability (Le., with respect to
force delivery and denture seating); (ii) image calibration; (iii) palatal area
definition for measurement; and (iv) methods of image capture.
2. The study, then, extended the technique validated in Specific Aim (1) to
compare three maxillary complete denture impression techniques, to investigate
whether one technique achieves a greater adaptation of the denture base to the
palatal mucosa, and thus greater tissue contact in the palate (defined by the
salivary film thickness/oral fluid space).
ii.

Hypothesis

The Null Hypothesis tested was:
There is no difference in the oral fluid space in the palatal area of acrylic
resin denture bases fabricated using three different impression techniques.

III. LITERATURE REVIEW
1. Basic principles - retention, stability, and support
Retention, stability, and support are qualities fundamental to complete
denture success. Retention is defined as the quality inherent in the prosthesis
acting to resist the forces of dislodgement along the path of placement. 1 Stability
is defined as the quality of a prosthesis to resist displacement by functional,
horizontal, or rotational forces. 1 Support is defined as resistance to occlusal
forces and is provided by those areas of the edentulous ridges that are
considered best suited to carry the forces of mastication when the dentures are
in function. 1 Retention, stability, and support are dependent upon good
adaptation between the denture base and the underlying tissues.
2. Factors influencing the basic principles
Retention is thought to involve several factors: adhesion, cohesion,
interfacial surface tension, capillary pressure, and atmospheric pressure. 2,3
These factors help create and maintain an intimate contact between the denture
base and tissue; and as with support and stability can also scale directly with the
degree of contact between denture base and tissue. 3 ,4,s The suggested physical
mechanisms by which dentures are retained act either individually or in
combination. 6
Adhesion 7,8 and cohesion 8 are fundamental forces thought to be involved
in denture retention. Adhesion is defined as the property of two surfaces
remaining in close proximity resulting from the physical attraction of molecules to
a substance, or molecular attraction existing between the surfaces of bodies in
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contact. 1 Adhesion of saliva to the mucosa and the denture base is achieved
through ionic forces between charged salivary glycoproteins and surface
epithelium or acrylic resin. 8 Well adapted dentures promote contact of saliva to
both oral tissue and denture bases, enhancing the retentive force contributed by
adhesion. 8 Cohesion describes the retentive force contribution, involving the
force needed to separate molecules within the layer of fluid (saliva) present
between the denture base and the mucosa. 8
The factors of adhesion and cohesion are optimized when there is perfect
apposition of the intaglio surface of the denture to the mucosa 2,4,9-12 and is
proportionate to the area covered. 13 Retention from adhesion and cohesion
depends upon the adaptation of the denture base to the mucosa, which is related
to salivary film thickness. Accordingly, the salivary film should be thin, as a thick
film would result from a lack of close adaptation to the tissues, detracting from
retention,13 as will be described more quantitatively in the Discussion section.
Some authors believe that poor adaptation of acrylic resin denture bases to the
supporting tissues markedly decreases retention 14 due to inadequate adhesion
and cohesion. Therefore accuracy of fit is universally thought to directly influence
retention. 15 Unfortunately, acrylic resin complete dentures exhibit certain
unavoidable dimensional changes that may compromise their adaptation. 5 Thus,
the retention of complete maxillary dentures is influenced by the presence and
characteristics of the interposed saliva. 16
Close contact between the intaglio surface of the denture and oral tissues
is also necessary to take advantage of the retentive force provided by

8
atmospheric pressure. Atmospheric pressure is the resistance to removal forces
when the

denture~ have adequate peripheral seal, 8 analogous to a suction cup

(Le. suction cup effect). Retention due to atmospheric pressure is directly
proportionate to the area covered by the denture base. For atmospheric
pressure to be effective, the denture must have a perfect seal around its entire
border. 8 When a force is exerted perpendicular to and away from the basal seat
of a properly extended and fully seated denture, pressure between the prosthesis
and the basal tissues drops below the ambient pressure, resisting displacement. 8

3. Impression techniques
The objectives of complete dentLlre impressions are to achieve retention,
stability, support and, in the final prosthesis, the preservation of the alveolar
ridges. 12 DeVan17 stated that retention begins with the impression. Over the
years, a number of authors have discussed various techniques for making
complete denture impressions. In 1951, Boucher18 classified impression
techniques into three categories: anatomic or arbitrary (based on landmarks),
open or closed mouth (based on the mouth position), and pressure (pressure,
nonpressure, negative pressure, or selective pressure).
Controversies in the different techniques of impression making have
centered on the amount of pressure applied to the tissues amongst other
factors. 19 Various authors have indicated that the controlled application of
pressure in certain areas while making impressions may help increase the
retention and stability.10,13,2o,21 Uneven pressure during impression procedures
can result in localized rebounding effect of the compressed tissue under the
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denture base and result in uneven seating of the finished denture and loss of
intimate tissue contact. 22 Impressions based on the anatomy of the mouth vary
with the objectives of the operator, the interpretation of the anatomy by the
operator, variation which occurs in different cases, and the materials and trays
used. 19
3. 1. Mucostatic impressions
The mucostatic technique (nonpressure or minimal pressure), was first
described by Harry Page in 1938.20 According to Bohannan,2o the word
'mucostatics' was coined by Dr. Carrol W. Jones of Englewood, CA, to indicate a
principle of impression making and denture base construction in which the oral
tissues are not distorted nor under stresses of any type, but are maintained in an
undisplaced state. Mucostatics is also described as the nonpressure registration
of the basal seat. There is disregard for the border contour and contact,23 and
peripheral seal is sacrificed. Klein and Brone,-23 state that a disadvantage of
mucostatics is the failure to register tissues which are important for retention and
stability. The prop·onents of mucostatics considered interfacial surface tension as
the only important retentive mechanism, and the final denture was constructed
without flanges. 9,1o,19,2o The impression is made with a low viscosity impression
material and the mucosa is recorded at rest. 24 The proponents of the mucostatic
principle believe that retention inevitably follows if a denture is constructed, that
maintains perfect contact with the ridge tissue at all points, employing the
phenomenon of interfacial surface tension, equivalent to two perfectly adapted
glass slabs with an intervening film of moisture. 21 Only metal bases are used;
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acrylic resin, because of its dimensional changes in processing, cannot be
used. 1o Two important considerations have been raised against the key principle
of "tissue at rest." First, it is not possible to record tissues at complete rest, as the
mere introduction of the tray into the mouth will cause some displacement. 13
Second, mucosal topography is not static over a 24 hour period. 9

3. 2. Pressure impressions
A pressure impression is one in which the impression of the tissues is
purposely made under a significant load and is made to simulate the state that
the tissue will assume when the complete denture is under a functional load.
Proponents of this technique advocate the use of a closed-mouth impression. 9,19
This technique produces casts where the tissue has been displaced significantly
more than in a nonpressure technique. The impression intentionally alters the
shape of the mucosa. Authors' challenging this view claim that displaced tissue
tends to return to its original position and unseat the denture or that constant
pressure can cause irritation to the tissue and result in atrophy of the residual
ridge. 25 Klein and Brone~3 suggest that the main disadvantage of this tissueloading technique is the resulting retention and stability is temporary due to an
assumed acceleration of undesirable ridge resorption and tissue changes.
Pressure has been hypothesized by some to playa role in osteoclastic resorption
of bone, with their theory being that an increase in pressure beyond the limits of
tolerance leads to destruction of bone by resorption. 26 Only indirect evidence
involving changes in the mucosa itself exists to support this hypothesis. Oral
mucosa is altered when loaded or mechanically stressed and under applied load,
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masticatory mucosa offers resistance to deformation as opposed to lining
mucosa, which is highly distensible and easily deformed. 27 EI-Khodary and
colleagues 28 studied the effect of complete denture impression techniques on
oral mucosa and found that the maximum pressure technique produced
disturbed keratinization and an increased number of mononuclear inflammatory
cells.
3.3. Selective pressure impressions
III-fitting dentures derived from the pressure impression techniques along
with an assumed risk for bone resorption led to the development of selective
pressure impression techniques. As advocated by Boucher,12 selective pressure
combines the principles of both pressure and nonpressure procedures.
Pressures are selectively applied to particular anatomic areas while other areas
receive less pressure. Selective pressure techniques take into account the
differences in tissue displacability found in various anatomical areas. 9,10,19
Conventionally, selective pressure methods are designed to exert greater
pressure on the primary denture-bearing areas than in the other areas. 13
Proponents of the selective pressure technique advocate making the impression
by applying a slight generalized pressure 22 on those tissues capable of
withstanding functional stresses by eliminating relief in the custom tray, thus
recording the tissues in a mildly displaced form. The selective pressure technique
seems to be the widely accepted approach today.29 The parts of the mouth most
capable of withstanding forces become the primary stress-bearing areas, while
forces are reduced on the areas less capable of withstanding stress. 4
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The nonstress-bearing areas are recorded with the least amount of
pressure and selective pressure is applied to the primary stress bearing areas
that are capable of withstanding the forces of occlusion. 3D Variations in the
amount of relief are used to control the pressures applied to the primary bearing
areas that are biologically and biomechanically more capable of supporting and
distributing loads. 31 Felton et al 31 have outlined the techniques and materials
required to achieve predictable complete denture impressions using the selective
pressure philosophy.
Selective pressure impressions are made in trays that have more space in
them for the final impression material in some areas than in others. The areas
that had less relief during impression making will transmit more pressure from the
denture in function on favorable support bone, transmitting less pressure on
unfavorable parts of the support bone. 24 In the traditional selective pressure
impression method, the tray for maxillary impressions is made with relief of all
anatomical areas except the crest of the ridge· and a final impression is made
with a soft material. Pressure during such an impression would be exerted on the
primary stress-bearing area, causing some displacement of the soft tissues. 13
The requirements of an impression for the peripheral tissues are different
from those for supporting tissues. The peripheral tissues must be recorded in a
position that will offer the least interference with the stability of the denture. The
denture-bearing region should be recorded with minimal pressure in order not to
damage the residual ridge. 1D With this technique, the operator can decide which

13
denture bearing tissues to make impressions of with more or less tissue
pressure.
Halperin 19 states that the technique takes into consideration the
differences in tissue elasticity and displacability. By knowing a particular subject's
anatomy and tissue tone, the dentist can select an impression technique to
create results that meet his or her objectives for stability, retention, and subject
comfort. 19 In considering the selective pressure impression technique for the
maxilla, it is important to consider the anatomy and nature of the supporting
tissues.
4. Anatomical factors of the edentulous maxilla
The edentulous maxilla consists of keratinized masticatory mucosa over a
submucosal layer, except at the median palatine suture, which has little or no
submucosa. The presence of a layer of resilient submucosa allows moderate
displacability without mechanical impingement of the mucosa between the
denture base and the underlying bone. 32 The connective tissue thickness is
greater in the region halfway between the crest of the residual ridge and the
midline of the palate. 33 Over the midline raphae the mucosa is unyielding, has
little or no submucosa, and must be relieved to avoid tissue impingement
between denture base and bone. 18,34 The tissue covering the raphae and tori is
very thin and exquisitely sensitive to pressure; therefore, stresses cannot be
tolerated in these areas. Relief should also be placed over the incisive papilla
which covers the nasopalatine nerves and vessels. 4 The midline palatal
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structures can act as a fulcrum if loaded causing the denture to exhibit a
tendency to rock from side to side, because of the lack of tissue resiliency.18,34
There is controversy in the literature as to whether the residual alveolar
ridge or the horizontal hard palate is the primary area of support for a maxillary
complete denture. Some authors believe that the residual ridge is the primary
stress bearing area 9 whereas others believe that it is the horizontal hard
palate. 8,12 Soft tissue overlying the residual ridge is often thick, keratinized, and
firmly bound to the periosteum. and bone. In the healthy mouth, the alveolar ridge
is covered by a cornified, stratified, squamous epithelium over a dense,
collagenous submucosa that is firmly attached to the underlying bone. 4 Despite
this favorable soft tissue covering, the underlying cancellous bone is subject to
resorption. 32 While the crest of the edentulous ridge can be an important area of
support, alveolar bone resorption necessitates that it be considered as a
secondary support area. 8
The horizontal hard palate lateral to the midline raphae is the primary
support area for complete dentures18,34 (Figure 1 ).The epithelium covering the
hard palate is termed masticatory mucosa. Various regions of the hard palate
differ because of the varying structure of the submucous layer. The cortical bone
of the hard palate resists resorptive changes. 35 The submucous space is filled
with adipose tissue in its anterolateral portion and glands in the posterolateral
portion. 4,34,35 The fatty and glandular submucosa acts as a "hydraulic cushion.,,32
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5. Properties of poly(methyl methacrylate) - PMMA
Poly(methyl methacrylate) acrylic resin is a versatile denture base
material. In 1937,36,37 Wright introduced PMMA resin to dentistry and by 1946 it
was used in 950/0 of all dentures as a denture base material. 38 It is a highly
esthetic material, exhibiting high strength, low water sorption, low solubility, and
is a relatively simple material to process. Although acrylic resins are widely used
as a denture base material, and relatively well-fitting dentures are produced at
low cost and with easy manipulation, PMMA denture base materials are not ideal
in every respect. 39 Skinner and Cooper39 recognized this in the early 1940s, and
suggested that a certain lack of dimensional stability must be accepted as one of
the disadvantages of the acrylic resin denture. The major disadvantage is the
dimensional change that occurs during and subsequent to processing. 4o The
combination of polymerization shrinkage, thermal contraction, and the strain
accompanying stress release during deflasking results in inaccurate adaptation
of the denture to the tissue15 (Figure 2). Another commonly recognized
dimensional change in addition to shrinkage during processing, is the
subsequent expansion which occurs upon immersion in water. 39 ,41 Expansion
only partially compensates for curing shrinkage,39,41 with an approximate 0.30/0
linear expansion compensating for about one-half the curing shrinkage of heat
cured resin, resulting in a slightly small denture. 36
The most commonly used initiators to drive the polymerization of PMMA
are external heat, visible light, and room temperature generators of free-radicals,
with the application of external heat being the most popular. 42 Takamata and
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Setcos15 reviewed methods of denture base polymerization and accuracy of
acrylic resins and stated that irrespective of the processing techniques chosen,
three-dimensional changes of the internal surface of the denture will occur. The
greatest discrepancy in fit for a maxillary complete denture when evaluating it on
a master cast will be seen in the central portion of the posterior maxillary
border,43 and at the center of the palate. 44 Observations made by several authors
have suggested that some stresses are induced into dentures during cooling in
the flasks (after the resin has become rigid), when the denture begins to shrink
more than the stone cast and investment, due to greater thermal contraction of
the resin. 36 ,39,45,46 A portion of the stresses produced in the resins as they cool
are relieved during separation from casts, resulting in distortion,46,47 producing a
proportionate change in the accuracy of the denture base. 37 ,41,48,49
Stability, which requires close contact between mucosa and denture base
may be impaired by processing distortion. 47 Even if heat cured resin conformed
very accurately at the high processing temperature, shrinkage would result from
thermal contraction of the resin, beginning from the temperature at which it is
sufficiently stiff, to either distort or to develop residual stresses (- the glass
transition temperature) down to room temperature. 36 Thus, the amount of
shrinkage of this type is proportional to the temperature range of cooling. 46
However, heat cured resin may not conform very accurately even at the
high processing temperature. When methyl methacrylate monomer is
polymerized to form poly(methyl methacrylate), the density of the mass changes
from 0.94 to 1.19 g/cm 3 . 50 This change in density would result in a volumetric
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shrinkage of 21 % if only monomer was processed. When a conventional heat
activated resin is mixed at the suggested powder:liquid ratio, about one third of
the resultant mass is liquid. Consequently, the volumetric shrinkage exhibited by
the polymerized mass is _7%. 36 ,50 Overall processing distortion has been
measured as a 0.530/0 shrinkage for heat activated resin in the posterior region of
the maxillary denture.
Shrinkage tends to draw the buccal flanges inward to contact the cast and
raises the palatal region away from the cast. 46 Shrinkage typically occurs across
the tuberosity region and appears clinically as a binding across the tuberosity
region and a lifting of the palatal area. 51 Total dimensional changes occurring as
a result of processing and service are in the range of 0.1 to 0.2 mm (as
measured from second molar to second molar). It is doubtful that such changes
would be clinically significant in terms of being detectable by a sUbject,50 but that
range of misfit may affect retention.
Woelfel et al 37 in studying the dimensional change of acrylic resin during
processing, found that the greatest linear change in the posterior region of the
denture occurred after the processed dentures were removed from the cast.
Their work indicated that linear change from waxed to finished dentures, when
measured molar to molar across the posterior section of the specimens, was a
shrinkage of 0.4 mm (0.90/0).37 Polymerization shrinkage of acrylic resin was also
found to cause the denture base to lift away from the palate and become
narrower from either end of the posterior flange and the final denture base loses
palatal contact. 37
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6. Techniques used to assess dimensional changes in dentures
Various methods have been described to compensate for polymerization
shrinkage and to assess dimensional accuracy of denture base materials. Most
of the studies to assess dimensional changes have been in done in vitro.
Sykora and colleagues 52 observed that using a high expansion stone for
processing maxillary complete dentures rather than type III stone could
compensate for shrinkage during processing of acrylic resin by reducing the size
of posterior border openings by at least 50%. A number of studies have
addressed different methods of improving the fit of a denture by using alternative
ways in processing denture base resins: chemical, microwave, light-energy
activation, heat, etc. Polyzois53 compared various methods of anchoring
complete maxillary dentures on the master cast to improve adaptation. Laughlin
et al 54 used a resin anchoring system (by placing anchoring holes on the master
cast along the posterior land area) and found decreased gap distances between
the denture base and the casts.
Woelfel et a1 37 ,55 evaluated relative deformation of the posterior section of
a denture by measuring the molar-to-molar and flange-to-flange shrinkages.
Anthony and Peyton 46 evaluated accuracy of fit of dentures by recording contours
and comparing them with the master impression using a modified comparator.
Other methods that have been described include evaluation of the fit by
measuring the discrepancies at the posterior border while the denture is held in
position. 39 Becker et al 56 evaluated dimensional changes due to processing by
using three dimensional measurements in the vertical and horizontal directions
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with the aid of a vernier height gauge and an optical comparator. Wong et al 57
studied the linear dimensional changes and water sorption of dentures processed
by dry and wet heat and different rates of cooling, and used a traveling
microscope to measure distances between reference points to determine
dimensional changes. Measuring microscopes are primarily useful when
measuring the linear distance between two points. However, a denture base
usually undergoes distortion rather than simple linear expansion or contraction.
Latta et al 58 used metal shots placed on preselected positions to the dentures
and the land of the cast. Frontal, lateral, and occlusal radiographs were made of
the dentures before and after processing, and immediately after removal from the
cast, and 30 days later to determine differences in three dimensional stability of
new denture base resin systems.
Young 59 used plaster to correlate the denture base/palatal tissue
apposition in complete maxillary dentures along with pressure-indicator-paste
patterns. The difference between the thickness of the denture base and the
thickness of the base plus the plaster wash indicated the thickness of space
existing between the mucosa and base. Barco et al 60 described a method of
measuring the adaptation of a maxillary complete denture to the master cast in
an in vitro experiment by using a silicone impression material that was pressed
under a given load between the denture base and the master cast, and
determining the volume of space between the master die and the denture base,
by the weight of the residual impression material retained. Lechner & Thomas 61
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used a fit examining material to assess qualitatively and quantitatively, the
shrinkage across various points ona mandibular denture during curing.
Dimensional accuracy has also been studied by measuring the weig~t of a
free-flowing polyvinyl siloxane impression material placed between the metal
master cast and denture base by the use of Moire topography.62 This technique
produces a three dimensional plot of the denture which is then subtracted from
the master cast revealing the space between the denture base and the master
cast. 62 Harrison et al 44 used a CCCM (Computerized Coordinate Measuring
Machine), which the authors' state is capable of qualitatively evaluating
asymmetric distortion over the complex shape of a denture base. They compared
it to digital calipers and optical comparators. 44 They stressed that the complex
shape of a denture base and the asymmetric distortion may not be apparent if
only simple length measurements are determined. 44 Turck et al 14 used the
Michigan Computer-Graphics Coordinate Measurement System to evaluate
dimensional changes of dentures to master casts. The system could measure
any point in space or on the surface of the denture within O.1J.,Jm.
Clinically, the adaptation of the denture to the mucosa can be evaluated
by using a pressure-indicator-paste (e.g. PIP Mizzy, Cherry Hill, NJ) on the
intaglio surface of the denture and seating it intraorally. Upon removal, the
presence of brush stroke marks reveals areas of non-contact (Figure 3). Areas
lacking brush strokes indicate that the height of the brush strokes exceeded the
denture-tissue space. The usual clinical observation of undisturbed brush strokes
in the palate indicate that some tissue displacement would be necessary during
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impression making for greater tissue adaptation. 46 Woelfel et al 48 used PIP to
evaluate the fit of duplicate dentures made by different processing techniques.
PIP tends to stick to the tissues and is easily displaced on removal of the denture
from the mouth. 59 PIP results are hard to interpret. 63 Stevenson-Moore et al
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investigated the properties and clinical use of indicator pastes and concluded that
improved criteria for the interpretation of paste patterns must be developed
before clinical differences in paste behaviors are understandable. Disclosing
waxes have also been used to indicate areas of pressure clinically, implying the
fit of the denture. 65
7. Rationale & description of the modified selective pressure technique
In order to overcome the problems associated with the shrinkage of heat
cured poly(methyl methacrylate) denture base resin resulting in a lack of palatal
contact, a novel, modified selective pressure impression technique was
developed. 66 Although the concepts of traditional selective pressure impressions
are used, the purpose of applying selective pressure during impression making
differs greatly. Unlike the traditional selective pressure impressions, the modified
selective pressure impression technique applies pressure to the displaceable
tissue of the hard palate, while the remaining areas are captured with minimal
pressure. The resulting processed denture base should have improved palatal
adaptation. Due to processing distortion that normally occurs in the palate of heat
cured acrylic resin dentures, pressure applied during impression making is
thought to compensate for the shrinkage that results in loss of palatal contact,
without exerting additional pressure. It is hoped that the final denture will have
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contact on the hard palate and will transmit forces of mastication to the primary
stress bearing area of the maxilla. 8 ,12
8. Underlying principle of image analysis used in this investigation
Elastomeric impression materials behave as Newtonian fluids prior to
setting and can form a film thickness as little as 10 IJm. 67 Transmission of light
through uniformly colored elastomeric films has been shown to follow a nonlinear relationship (Beer-Lambert) allowing thickness to be optically measured. 67
This phenomenon was taken advantage of for three dimensional fit-mapping of
single unit gold crowns to their dies 67 and should be directly applicable to
quantification of denture fit using modern image analysis capabilities.

IV. MATERIALS AND METHODS
1. Subject selection
A single human subject was recruited for participation in this study.
Subject selection was based on the subject's willingness to participate in the
project. A

healt~y

subject with an edentulous maxilla was recruited from the

existing subject pool in the Graduate Prosthodontics Clinic at the University of
Connecticut Health Center. The subject was required to be at least 18 years old
and able to read and sign the corresponding informed consentlHIPPA
authorization forms. The clinical steps (described below) were performed at the
Graduate Prosthodontics clinic.
The subject signed the appropriate informed consent form and the Health
Insurance Portability & Accountability Act (HIPAA) authorization form approved
by the Institutional Review Board. Exclusion criteria included subjects with
natural teeth in the maxilla, obvious oral disease, severe systemic disease
(contraindicating non-invasive dental procedures), and history of allergy to dental
materials, unwillingness to participate in the study, severe gag reflex and/or oralnasal or oral-sinus communication. The subject was remunerated $300 for
his/her participation ($100 for each of three clinical visits).
An intra-subject comparison was performed and the subject was to serve
as his/her own control. No attempt was made to control for denture wearing
frequency and/or habits of the subjects. In an attempt to keep the variables to a
minimum, it was proposed to use only one subject and one operator.
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2. First clinical visit and determination of operator variability
The subject's existing maxillary complete denture was used for obtaining a
three-dimensional replica representing the 'fit' of the denture to the underlying
mucosa (this novel technique will be described in detail below). The denture was
inserted intraorally with a measured 4.0 grams of Aquasil LV (Dentsply, Caulk,
Milford, DE), a low viscosity polyvinylsiloxane impression material on the intaglio
surface, that was allowed to set for 90 seconds intraorally (Figure 4). The denture
was seated intraorally by a single operator, attempting to apply a similar force to
ascertain reproducibility. This was repeated five times, creating five impression
specimens for separate analysis. The specimens obtained were then analyzed
as described under the "Image Analysis" section below. A diagnostic irreversible
hydrocolloid (Jeltrate, Dentsply International, York, PA) impression of the
edentulous maxillary arch was made using an edentulous stock tray.
2.1. Laboratory steps subsequent to first clinical visit
A maxillary diagnostic cast was fabricated in vacuum spatulated type III
dental stone (Castone, Dentsply Int. Inc., York, PA) from the irreversible
hydrocolloid impression, and the posterior limit of the denture was determined on
this cast (Figure 5). Two custom impression trays were fabricated using
autopolymerizing acrylic resin material (SR-Ivolen, Ivoclar Aktiengesellschaft,
Schaan, Liechtenstein) utilizing the cast obtained from the irreversible
hydrocolloid impression (with the same posterior border termination). The first
custom tray (for the minimal pressure technique) was made with the following
wax relief: two thicknesses of baseplate wax covering the entire alveolar ridge
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and palate with four tissue stops on crest of ridge (Figure 6). The second custom
tray (for the modified selective pressure technique) was made with the following
wax relief: two thicknesses of baseplate wax covering the entire alveolar ridge,
including the median palatine suture and/or areas of tori, with four tissue stops on
crest of ridge. No relief was placed over the glandular (lateral) portion of the
palate (Figure 7).

3. Second clinical visit
Two separate maxillary final impressions were made utilizing the two
custom trays with light bodied polysulfide impression material (Permalastic, Kerr,
Romulus, MI). One impression was made with a minimal pressure technique,
using the design of the custom inlpression tray (Figure 8). A second impression
was made with a modified selective pressure technique by applying pressure on
the impression tray in the premolar/molar regions, in keeping with the design
philosophy of the custom impression tray (Figure 8). No attempt was made to
ensure adequate border extensions as this was not necessary for the project.

3.1. Laboratory steps subsequent to second clinical visit
Master casts were made from the two final impressions in vacuum
spatulated type III dental stone (Figure 9). Three final denture bases were waxed
on the two master casts obtained from the two final impressions, and the
preliminary cast obtained from the irreversible hydrocolloid impression. Wax was
applied along the ridge where teeth are normally set in order to cure the bases
with about the same amount of acrylic resin as with typical dentures. The waxed
bases were heat processed on each of the three casts with heat-polymerizing
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acrylic resin (Lucitone 199, Dentsply Int. Inc., York, PA) and cured for 9 hours at
73° C. The denture bases were deflasked, finished, and polished in the usual
manner (Figure 10).

4. Third clinical visit
Each of the three denture bases was inserted intraorally with a measured
4.0 grams of low viscosity polyvinyl siloxane impression material spread on the
intaglio surface with a spatula and allowed to set for 90 seconds intraorally
(Figure 11). The above step was repeated five times, providing fifteen impression
specimens to evaluate dimensions of the oral fluid space (denture "fit"). The
impressions obtained were then analyzed as described under the "Image
Analysis" section below.

5. Image analysis & development of the photometric denture "fit" protocol
Digital photographs of transilluminated impressions were analyzed by
means of a three-dimensional image analysis technique using MetaMorph@
Imaging System Software (Universal Imaging Corporation, PA)68 for measuring
impression material thickness, with the data collected being the percent area
representing seven thickness groups. Each impression was referenced to known
thickness calibration standards. Handling, photography and image analysis
variables were examined for the oral fluid space impressions to improve and
investigate the accuracy of the technique. Multiple images of the same
impression were used to investigate computer and photographic variables.
Within-operator impressions were used to evaluate operator variability. Finally,
inter-impression technique comparisons were performed to determine if one
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impression technique would produce greater tissue contact in the palate, based
upon measurements of the thickness of the oral fluid space. Such comparisons
were based upon quantitative measures of the percentage of fitting surface areas
falling into seven thickness groups and qualitative assessments of threedimensional thickness maps.

5.1. Image calibration
A series of standardized thicknesses of impression material (0.05, 0.1,
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0 mm) were made between the
measuring plates of a micrometer (Model No. 734, L.S. Starrett Co., Athol, MA)
(Figure 12). A 5x7 index card with eleven perforations corresponding to the
diameter of the specimens was used to hold the specimens with clear
cyanoacrylate adhesive (Figure 13). These thickness standards were then used
to calibrate the images of the impression specimens obtained for measurement.
The amount of light transmitted through the impression material is proportional to
the known thicknesses, via a power law relationship, known as Beer-Lambert
Law. 69 Although the impression material was colored, the amount of transmitted
light was converted to grey levels (values) for analysis. To calibrate the gray
values, each image acquired from a standardized photograph of impression
samples always included the thickness standards. For each region selected, an
average grayscale value (per pixels in region) was obtained. From these sample
grayscale intensities (range of all possible intensity values) for a given bit-depth
and thickness range, a calibration curve was built (Figure 14). The calibration
curve was necessary in order to convert the grayscale intensities to millimeters.
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This gray level calibration curve could be applied to all images being measured
(within each image counting the calibration thickness set). For 8-bit images, the
scale ranges from the grayscale value 0, which represents black, to value 255,
which represents white. Bins, or pixel value groups, were definable within
MetaMorph@ as the thickness that was represented. Value groups were defined,
based on the thickness standards, to represent thickness groups of: 0.0 to 0.05
mm; 0.06 mm to 0.2 mm; 0.21 mm to 0.4 mm; 0.41 mm to 0.6 mm; 0.61 mm to
0.8 mm; 0.81 to 1.0 mm; and> 1.0 mm. This was performed with the Calibrate
Gray Levels command. 68

5.2. Palatal area defined for measurement
All fit impression specimens were first trimmed utilizing a vacuform
template (thermoplastic sheet) of the maxillary cast. The template was formed on
the cast obtained from the preliminary irreversible hydrocolloid impression of the
edentulous maxillary arch of the subject, and was trimmed using the landmarks
of the crest of the ridge inward laterally, the incisive papilla anteriorly, and a line
between the two hamular notches posteriorly. This template was subsequently
used to trim all fit impression specimens. Additionally, the template served to
stabilize these rather thin specimens for photography.
For the image analysis of the impression specimens obtained from the
subject's existing denture, the five specimens were trimmed using the above
mentioned template. The template also had holes punched out to outline the
palatal area to be measured, which was carried over to each of the specimens.
This allowed for a region to be outlined on the first impression sample in the
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image and duplicated for each additional impression sample in the image (Figure
15).
For the image analysis of the impression specimens obtained from each of
the three denture bases fabricated on the mater casts from the three impression
techniques, the area to be measured was outlined on the palate corresponding to
the area which was not relieved during the fabrication of the test custom
impression tray. This corresponded to the area of displaceable glandular tissue,
which was labeled as Region 1 for the subject's right lateral palate and Region 2
for the subject's left lateral palate (Figure 16).

5.3. Methods of image capture
Each of the impression specimens, supported by a clear vacuform
template were then placed on a light box containing uniform color-corrected
fluorescent lights (Kaiser Prolite 5000, B&H Photo, NY). Impression specimens,
adjacent to the calibration specimens, were photographed using a digital camera
(Nikon FinePix 81 pro) on a tripod at a set distance and a set magnification (32
inches from the top of camera to the top of the light box at an F stop of 32). Test
distance and magnification were chosen based on preliminary work discussed in
the Results section. Figure 17 demonstrates how a uniform distance and angle
were achieved for the photography. Inclusion of the calibration set in each image
(placed over a thermoplastic vacuform sheet) normalized for any slight variations
in lighting and camera behavior.

30
5.4. Image analysis
RGB color mode is used when working with high-quality full-color images
such as these images from a digital camera. In the RGB color mode, each pixel
has a red, green, and blue component. Each component, known as a color
channel, has 256 intensity levels. The uniform mixing of red, green, and blue
result in white, with non-uniform mixing used to generate a rainbow of different
colors. Therefore, red, green, and blue are known as additive colors. Each image
obtained was first opened with the green color channel enabled, Le. color
separated within MetaMorph®.68 As will be explained in the Results section, color
separation helped to increase sensitivity.
Each image was then converted to monochrome (gray scale) in order to
get pixel values coding for optical density for a selected region. Digital images
consist of an array of picture elements (pixels), each of which has X and Y
coordinates and intensity information that is encoded by a numeric grayscale
value. 68
The thickness calibration specimens were analyzed and the resulting
calibration curve was applied to the whole image. A segmented histogram
analysis was then carried out dividing the image's grayscale values into
histogram bins (Le. thickness groups). Next, a custom colored look-up table
(LUT) was created so that each thickness range bin was displayed in a distinct
color. For this analysis, a total of seven bins was used (as described above), with
each bin represented by a different color (transparent, red, green, blue, cyan,
magenta, and black) denoting a thickness range (Figure 18). The highest
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intensity (value) bin was set to the color "transparent" (which was seen as "showthrough"; representing thickness values less than 0.05 mm or 50 microns). The
lowest intensity bin was set to the color "black" (representing thickness values
greater than 1 mm). The measurements were then carried out, providing
information on the total pixels (number of pixels in the image), cell area (total of
all pixels in the measured bins), bin area (number of pixels in the selected bin),
and

%

cell area (selected bins percentage of the cell area) for each of the two

regions defined on each of the impression specimens. Since all measured
regions (i.e., trimmed fit impression specimens) were the same dimensions, the
total area measured was a constant among all images. MetaMorph@ allowed the
creation of a custom reference shape (i.e. defining the measurement area),
termed a "region" and allowed the transfer of this "region" from one image to the
next. 58 An intra-subjectlinter-denture comparison was then performed to correlate
clinical relevance.

5.5. Statistical analysis
Area percentages per each thickness group (bin) were treated as the measure.
Thickness groups were then compared based on percent area represented by
each particular thickness as a function of treatment variables using ANOVA and
a post-hoc 95% Duncan multiple range test (SPSS 10.1, SPSS, Chicago, IL).
Variables examined for each thickness group included: (i) operator and subject
variability among impressions and between regions, i.e. left palate versus right
palate (within impression technique); and, (ii) variations for each thickness group
among impression techniques (with regions grouped and separate). Data were
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visualized graphically by percent area versus thickness group for the three
impression techniques and by cumulative percent area versus thickness.

V.RESULTS
The distance at which the photographs were taken and the effect of the Fstop were evaluated. Digital photographs were made at three different heights
(32,25, and 20 inches) and F-stops (32, 27, 22, 16, and 8). The most effective
distance was found to be 32 inches from the image with an F stop of 16. This
was qualitatively evaluated in MetaMorph@ based on image analysis capability to
distinguish among thickness calibration standards. Unsuitable distances and F
stops resulted in unusable images (either too bright, too dark, or had a greatly
diminished abiiity to distinguish among thickness standards (insufficient range of
gray scale values). Accordingly, the most appropriate test distance,
magnification, and F stop was established.

.

All images were generated in this manner and the digital photographs
were opened in MetaMorph®. The images were evaluated to test the effect of
color separation and to find the most suitable color channel of the three RGB
channels. The use of a red channel resulted in grayscale values that were
uniformly very high and could not be used to distinguish among the standardized
thickness groups. The use of the blue channel resulted in grayscale values that
were too low and could not be used to distinguish among the thickness groups.
Finally, the use of the green color channel resulted in a distinct calibration curve
of gray level vs. thickness as was introduced above in the Materials and Methods
section. The standard calibration thickness set was included with each image to
normalize for slight image-to-image variations due to lighting and camera
behavior. It was possible to accomplish all of this optimization analysis on a
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descriptive and qualitative basis since the choice of F-stop, image distance and
filter channels dramatically influenced the range of values assigned to calibration
set images.
The repeatability of the operator was first tested by seating the subject's
existing denture five times intraorally as described in the Materials and Methods
section. This resulted in five specimens for image analysis (Figure 19). The data
for each of the five specimens resulting from the image analysis is presented in
Table I. Ranges, means and standard deviations for each thickness group
appear in Table 1 and means are represented graphically (Figure 20).
Table 1. Descriptive statistics for area percentages by thickness groups
(measure of operator repeatability)
Thickness Group

N

Minimum

Maximum

Mean

Std.

Area 0/0

Area 0/0

Area %

Deviation

0.00 mm to 0.05 mm

5

0.96

5.34

2.12

1.81

0.06 mm to 0.20 mm

5

2.30

15.64

6.70

5.44

0.21 mm to 0.40 mm

5

34.10

39.51

36.81

2.32

0.41 mm to 0.60 mm

5

31.95

38.40

34.78

3.18

0.61 mm to 0.80 mm

5

9.20

24.46

17.83

7.69

0.81 mm to 1.00 mm

5

0.00

4.37

1.75

1.85

The standard deviations in Table 1 were used for power calculations to
guide selection of the number of impressions needed to distinguish among
impression techniques. It was determined that an effect size of approximately 60/0
to 100/0 (i.e., approximately twice the standard deviations) could be detected with
five impressions assuming a power of 0.8 and an alpha of 0.05. 70
Each of the three denture bases fabricated from three experimental casts
was used to obtain five specimens resulting in a total of fifteen image specimens
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for analysis. Additionally, the palatal region being analyzed was further divided
into right and left sides for each impression. Area percentages for each thickness
group were investigated: (1) within each impression type for repeatability; and,
(2) among impression types (i) overall and (ii) right versus left sides (palate). Left
and right regions were treated as separate measures, allowing for ANOVA
analysis within impression type and for examination of left and right region
differences among impression types.
The five fit specimen thickness color maps (A1-A5) for the irreversible
hydrocolloid impression technique (alginate) are in Figure 21. The data from the
image analysis showing percent area for the two regions measured (right and left
palate) is presented in Table II. Percent areas for the five impressions are
provided per each thickness group in Table 2 below.

Table 2. Mean percent area (right and left palate) by thickness group for
five alginate impression technique specimens (balded values indicate
statistical significance within each thickness group, ANOVA, 95% Duncan).
Thickness Groups

Impressions

(p; ANOVA)

A1

A2

A3

A4

A5

0.00 mm to 0.05 mm

0.00

0.00

4.35

1.11

0.00

0.75

3.50

6.85

3.20

2.33

40.91

30.40

39.25

29.25

38.04

42.77

47.92

34.76

30.48

38.80

12.24

15.46

13.62

31.51

19.84

3.33

2.72

1.16

4.46

0.99

(p

=0.043)

0.06 mm to 0.20 mm
(p = 0.36)
0.21 mm to 0.40 mm
(p = 0.06)
0.41 mm to 0.60 mm
(p = 0.76)
0.61 mm to 0.80 mm
(p=0.61)
0.81 mm to 1.0 mm
(p = 0.86)
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The five fit specimen thickness color maps (81-85) for the minimal
pressure impression technique are in Figute- 22. The data from the image
analysis showing percent area for the two regions measured (right and left
palate) is presented in Table III. Percent areas for the five impressions are
provided per each thickness group in Table 3 below.
Table 3. Mean percent area (right and left palate) by thickness group for the
five minimal pressure impression technique specimens (bolded values
indicate statistical significance within each thickness group,
ANOVA, 95% Duncan).
Thickness Groups

Impressions

(p; ANOVA)

81

82

83

84

85

0.00 mm to 0.05 mm

0.09

0.35

0.00

3.15

0.00

10.21

2.22

4.21

6.87

0.00

41.98

41.21

40.32

52.34

32.87

39.18

39.58

49.44

34.28

46.30

8.57

16.47

6.05

3.36

16.12

0.00

0.16

0.00

0.00

5.10

(p = 0.4)

0.06 mm to 0.20 mm
(p = 0.53)

0.21 mm to 0.40 mm
(p = 0.12)

0.41 mm to 0.60 mm
(p = 0.13)

0.61 mm to 0.80 mm
(p = 0.48)

0.81 mm to 1.0 mm
(p

=0.02)

The five fit specimen thickness color maps (C1-C5) for the modified
selective pressure impression technique are in Figure 23. The data from the
image analysis showing percent area for the two regions measured (overall right
and left palate) is presented in Table IV. Percent areas for the five impressions
are provided per each thickness group in Table 4 below.
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Table 4. Mean percent area (right and left palate) by thickness group for
five modified selective pressure impression technique specimens (no
significant differences were found within each thickness group, ANOVA,
95% Duncan).
Thickness Groups

Impressions

(p; ANOVA)

C1

C2

C3

C4

C5

0.00 mm to 0.05 mm

13.86

7.76

6.19

5.06

1.68

9.41

27.62

13.15

23.36

8.24

44.59

24.97

42.54

28.80

54.15

12.85

20.10

17.28

21.82

20.21

16.50

15.71

15.25

16.02

8.65

2.90

3.83

5.62

4.84

2.36

(p

=0.63)

0.06 mm to 0.20 mm
(p

=0.26)

0.21 mm to 0.40 mm
(p

=0.68)

0.41 mm to 0.60 mm
(p

=0.43)

0.61 mm to 0.80 mm
(p

=0.98 )

0.81 mm to 1.0 mm
(p

=0.94 )

Overall, fifteen image specimens were generated for the three impression
techniques (A1-A5, 81-85, & C1-5). Mean percent areas for each impression
technique (overall right plus left palate) are provided per each thickness group in
Table 5 below and the mean percent areas for each impression technique for
right and left palate (region 1 and region 2) are provided per each thickness
group in Tables 6 and 7 below. The distribution of mean percent area as a
function of the six thickness groups are represented graphically in overall
(Figures 24) & cumulative (Figure 25) thickness profiles. The statistically
significant mean percent area overall for the three impression techniques are
represented graphically as mean percent area as a function of three thickness
groups for ease of clinical representation (Figure 26).
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Table 5. Mean percent area (overall right and left palate) by thickness group
for the three impression techniques (bolded values indicate statistical
significance within each thickness group, ANOVA, 95% Duncan).
Thickness Group

Irreversible

Minimal

Selective

(p; ANOVA)

hydrocolloid

Pressure

Pressure

0.00 mm to 0.05 mm

1.10

0.72

6.91

3.33

4.70

16.35

35.57

41.74

39.01

38.95

41.76

18.45

(p

=0.005)

0.06 mm to 0.20 mm

(p

=0.001)

0.21 mm to 0.40 mm
(p = 0.56)
0.41 mm to 0.60 mm

--

(p < 0.000)
0.61 mm to 0.80 mm

18.53

10.11

14.42

2.53

1.05

3.90

(p = 0.23 )
0.81 mm to 1.0 mm
(p=0.13)

Table 6. Mean percent area for right palate (region 1) by thickness group for
the three impression techniques (bolded values indicate statistical
significance within each thickness group, ANOVA, 95% Duncan).
Thickness Group

Alginate

Minimal

Selective

(p; ANOVA)

(right)

Pressure (right)

Pressure (right)

0.00 mm to 0.05 mm

0.89

1.20

2.76

4.16

7.85

18.03

35.56

41.12

52.39

47.83

41.75

19.42

10.28

6.78

4.95

1.28

1.45

2.45

(p = 0.48)
0.06 mm to 0.20 mm
(p = 0.075)
0.21 mm to 0.40 mm
(p = 0.16)
0.41 mm to 0.60 mm

(p < 0.000)
0.61 mm to 0.80 mm
(p=0.41 )
0.81 mm to 1.0 mm
(p=0.79)
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Table 7. Mean percent area for left palate (region 2) by thickness group for
the three impression techniques (bolded values indicate statistical
significance within each thickness group, ANOVA, 95% Duncan).
Thickness Group

Alginate

Minimal

Selective

(p; ANOVA)

(left)

Pressure (left)

Pressure (left)

0.00 mm to 0.05 mm

1.30

0.23

11.06

2.50

1.55

14.67

35.58

42.36

25.63

30.07

41.76

17.48

26.78

13.45

23.90

3.77

0.65

5.35

(p

=0.005)

0.06 mm to 0.20 mm

(p

=0.002)

0.21 mm to 0.40 mm

(p

=0.007)

0.41 mm to 0.60 mm

(p < 0.001)
0.61 mm to 0.80 mm
(p = 0.085 )
0.81 mm to 1.0 mm
(p = 0.092 )

VI. DISCUSSION
This study evaluated a novel complete denture impression technique using
modified selective pressure and analyzed the adaptation of the resulting heat
polymerized methyl methacrylate denture base by measuring the oral fluid space
(i.e., salivary film thickness). Additionally, this study developed and utilized a
novel photometric image analysis method to evaluate the three dimensional oral
fluid space between the denture base and palatal tissues.
1. Rationale & physics of measurement technique
The most common quaiitative measurement of denture fit involves the
clinical use of pressure-indicator-paste. Undisturbed brush strokes indicate areas
of non-contact and "show-through" areas indicate where pressure is either
excessive or simply sufficient to cause flow of the paste. However, StevensonMoore et al 64 have pointed out in their study that PIP and other indicator pastes
did not produce consistent patterns and questioned the interpretations of
indicator paste results. It seems clear that, at best, the only "fit" information
provided by indicator pastes is whether the oral fluid space is thinner or thicker
than the "brush strokes", the thickness of which are unknown and variable.
Therefore, for the present study, it was decided that attempts to use pressure
indicating pastes as a research tool would not be appropriate.
Photometric image analysis carried out using MetaMorph@ imaging
software, was developed in response to the apparent unsuitability of indicating
pastes, and appears to be a valid technique for quantitatively assessing the oral
fluid space ("denture fit"). The novel photometric image analysis method
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described in this study is the first of its kind to measure the oral fluid space
thickness (Le., film thickness of a low viscosity impression material between
denture base and the mucosa) simulating salivary fluid. The original concept of
light transmission through thicknesses of a colored impression material for
thickness measures, following the Beer-Lambert relationship, was described by
Kelly et al. 67 The present study utilized the same concept by fabricating a
calibration set of impression material and to capture light transmission values by
photographing the thickness standards transilluminated via a stable white light
source (color corrected, fluorescent). The thickness standards (thin films
produced with a micrometer) were used to produce a calibration curve for each
digital image which could then be applied for calculating the thickness of the oral
fluid space (within the image analysis program) from the impression specimens
made to evaluate the three impression techniques.
One issue related to image creation involved the finding that an optimum
F-stop and specimen-camera distance existed. Another related issue involved
the need for color-separation within MetaMorph®.68 Both technique factors likely
relate to maximizing the range of gray values of the total available (i.e., 0 to 256)
used to code for thickness over the range of calibration specimens (0.05 mm to
1.0 mm). Both the F-stop and specimen-camera distance control the amount of
light used to create the image. Since white light was used for transillumination
and thickness was only "coded for" using the portion of the spectrum absorbed
by the impression material, the relative amounts of total and "coded for" light
appears to be important. Although specific absorption spectra were not
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measured, it was found that the light intensities in the green portion of the
spectrum provided thickness information (both camera and MetaMorph® used the
RGB color scheme). Since the camera used 8 bit image coding (for both color
and intensities), the range of values available for distinguishing thickness were
somewhat limited. Future research would benefit by the use of either 12 bit or 16
bit image coding, especially if all bits are used to code for gray scale (Le., black
and white imaging). Additionally, the absorption spectrum of the impression
material could be measured, allowing selection of filters to maximize the
"information" contained in the transmitted light.
2. Repeatability of operator measures
The results of pilot operator variability showed that the single operator,
using measured amounts of impression material in the subject's denture, was
able to consistently produce a set of five indistinguishable "fit" specimens. The
means and standard deviations from these replicates also provided information
necessary for power analysis. Results indicated that the technique could be
reproduced without any statistically significant differences within the thickness
groups, a single operated could carry out the proposed technique without
significant variability, and that calculated effect sizes (6% to 10% of percent area
means) would be appropriate for the clinical research intended.
3. Repeatability of within impression technique measures
Mean percent areas in each thickness group were analyzed individually
for each of the three impression techniques to determine the repeatability within
the three techniques. For the irreversible hydrocolloid impression technique, a
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statistically significant difference (p=0.043) was found among the five impression
specimens only in the lowest thickness group (0.00 mm to 0.05 mm), which
represented less than 5% of the total surface area examined. No statistically
significant differences were found in any of the other thickness groups, implying
sufficient consistency of the operator, subject variables, and the analysis method
for the irreversible hydrocolloid technique.
For the minimal pressure impression technique, a statistically significant
d.ifference (p=0.02) was found among the five impression specimens only in the
highest thickness group (0.81 mm to 1.00 mm), which again represented less
than 50/0 of the surface area analyzed. No statistically significant differences were
found in any of the other thickness groups, implying sufficient consistency of the
operator, subject variables, and the analysis method for the minimal pressure
impression technique.
For the modified selective pressure impression technique, no statistically
significant differences were found among the five impression specimens in any of
the thickness groups, implying consistency of the operator, subject variables, and
the analysis method for the modified selective pressure impression technique.
4. Distortion measurement and analysis
Dimensional stability of poly(methyl methacrylate) resin, the amount of
polymerization shrinkage, and the influence of both on denture distortion have
been studied extensively in the literature. Woelfel et a1 37 ,55 studied linear changes
in molar to molar dimensions. Anthony and Peyton 46 using a modified
comparator, studied the contours of dentures and the master impression to
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measure dimensional accuracy of different denture base materials. Zissis et al 71
in a review of the literature from 1958 - 1990 on measurement methods for
determining dimensional stability of denture base materials, found that optical
comparators based on the traveling microscope were used in 60 per cent of
studies reviewed, whereas 25 per cent of the studies employed a simple handheld caliper instrument. The authors concluded that sophisticated computerized
coordinate measuring systems, which permit contour comparisons between cast
and denture base would offer potential for future research. 71
A single human subject was utilized to carry out an experiment comparing
three complete denture impression techniques. One could argue that using a
single subject does not contribute significantly to the existing body of knowledge.
However, significant effort was required to develop and validate the photometric
technique used to quantify "fit". For this, a single subject was ideal in order to
establish overall variability inherent to this quantification of oral fluid space. A
single operator performed all the clinical steps to minimize variability of the
clinical procedures, particularly in the amount of pressure that can be applied
during impression making. However, it is true that by using a single subject,
variability resulting from different palatal configurations, differences in tissue
displacability, and other anatomical differences were negated and remain factors
of interest for further studies.
Massive amounts of continuous data can be generated by the analysis
technique developed. There is no inherent limit to the number of bins used to
describe the thickness measurements. It was realized that too few bins (i.e., 2 to

45
3) would seriously decrease the ability to characterize differences among groups.
Since all of the data summed to 100 % (percent area being measured),
differences would be indistinguishable if groupings were too few (obvious for the
extreme of one bin). Increasing the number of bins increases both the
measurement and analysis time. Beyond some number of bins, the increased
data division would simply not be worth the effort, and in fact the "information
content" per bin would tend towards becoming meaningless. Six bins were
selected as a compromise, thought to represent sufficient thickness groups
having clinical meaning while allowing reasonable effect sizes to be distinguished
(with one bin coding for background).
No statistical method was found to allow the data to remain continuous for
analysis. In concept, the thickness data represent a frequency distribution that
might be amenable to mathematical' description and testing for differences. Such
an approach is used, for example, with strength testing of ceramics where a
Weibull distribution function is applied to describe the shape and scale of
experimental probability of failure data. In that case, the distribution
characteristics are used to describe the total strength data for one set of
specimens and then used to compare among different sets (using the Weibull
distribution characteristics). In the case of the thickness data, however, there is a
clinically relevant need to be able to compare thickness data within the
distribution so an overall distribution characteristic has little value. Therefore, the
data was left grouped into the discreet thickness ranges assigned to each bin.
Percent area attributed to each thickness group has clinical meaning and was
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therefore accepted as the final outcome variable. ANOVA and a post-hoc
multiple range test were selected as being an appropriate statistical tool. This
whole approach was examined in detail and approved by statisticians from the
UCONN Health Center, Department of Community Medicine.
The small specimen size (five specimens for each impression type) was
again a compromise, sufficient for the power and effect size desired (discussed
earlier) but not overly burdensome for the subject. Since the technique involved
making multiple impressions at the same clinical setting, more than a total of
fifteen specimens could not be made on the same subject. A follow-up study can
be designed by testing the technique on several subjects and evaluating the
outcome.

5. Clinical findings
Potentially clinically significant differences in denture fit were found
resulting from the use of the three impression techniques. The most significant
result involved the thinnest groups (0.00 mm to 0.2 mm) in that 23.26% area of
the denture surface of interest had an oral fluid space ("fit") of less than 0.2 mm
for the denture fabricated using the modified selective pressure technique,
whereas only 5.42% for the minimal pressure technique and 4.43% for the
irreversible hydrocolloid technique was within 0.2 mm film thickness. This
indicates that a statistically significant difference in fit was achieved using the
modified selective pressure impression technique compared to the other two
methods. The corollary of this finding is that a smaller percent of the denture
surface created with the selective pressure technique had oral fluid space
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measurements in the thickest groups. As will be discussed below, dentures
having thinner fluid film thickness should be more retentive.
While most mathematical models of denture retention include saliva film
thickness as a variable, there is disagreement as to its weight, with retention
predicted to vary as either a linear (1/t) or cubic (1/t3) function of thickness (where
t

=thickness). One such relationship predicts that denture retention is analogous

to the retention between two fluid-separated flat plates as per Stephan's Law. 72
Applying this relationship, denture retention force (F) is predicted to fall off
quickly as the thickness of the fluid space increases in an inverse cubic
relationship:8

where: t

=film thickness; k =viscosity; r =plate radius; and V =velocity.

An alternative model interprets that denture retention force is due solely to
capillary forces (Fe), predicting an inverse linear relationship:3

rA(cos 81 + cos ( 2 )
tg
where: t

=film thickness; r =surface tension; A =surface area; and 81 and 82 =

contact angles (fluid-tissue and fluid-resin). Based on either of these models, the
findings of this study strongly suggest dentures fabricated with the selective
pressure technique will be significantly more retentive. It is possible to describe

48

the surface area as a function of thickness from the data in this study, i.e., dAldt,
for each impression technique. These relationships can be used in future work to
evaluate the predicted improvement in retention.
Although lower film thickness values translating to better fit and predicted
greater retention is an important finding, another very important consideration
involves improved palatal support. The horizontal hard palate, which is a primary
stress bearing area of the maxilla (i.e., traditional selective pressure technique),
is now able to receive functional loads for dentures fabricated using the modified
selective pressure impression technique. With the palatal area normally not
receiving any functional load due to lack of contact of the denture base to the
mucosa (a result of polymerization shrinkage), contact and support are provided
by the residual ridges that will inevitably be reduced in size and change shape
during the lifetime of the denture due to resorption.
Significant differences in the percent area for the low film thickness group
between the subject's right and left palate was another interesting finding in the
case of the modified selective pressure impression technique. Most of the low
film thickness values were in region 2 (left palate). This effect could be related to
the subject's anatomical variations/tissue displacability on the left palate vs. right
palate and/or the amount of pressure applied by the operator.
6. Modified selective pressure technique
It is a clinically accepted observation that processing causes a distortion
across the posterior border of the maxillary denture. Numerous studies have
described methods to minimize and/or compensate for polymerization shrinkage
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of acrylic resin. 52 -54 One study found that using anchoring holes placed in an
edentulous master cast along the posterior land area and at the midline
significantly improved the adaptation of denture bases. 54 Another study described
the use of a high expansion stone cast to improve fit of maxillary complete
dentures. 52 Routinely, a posterior palatal seal is either functionally or arbitrarily
placed on the posterior border of a maxillary complete denture. The palatal seal
placed on the displaceable tissues of the soft palate helps to compensate for
processing inaccuracies. 73 The present study was the first study to introduce the
method to compensate for the processing shrinkage of acrylic resin at the level of
the final impression.
Traditional selective pressure impression techniques9 ,1o,12,13,19,31 have
advocated capturing, under pressure, the intended stress-bearing surfaces of the
edentulous maxilla, to enhance the potential that these would be the primary
load-bearing areas when the denture is in function. The modified selective
pressure technique described in this study utilized the non-traditional concept
that pressure was applied to the displaceable areas of the hard palate
(anterolateral and posterolateral to the midline raphae) where adipose and
glandular tissues are present. Unlike the traditional technique, the ensuing
denture would not be expected to selectively apply pressure during function, but
instead to merely compensate for the ·exaggerated palatal oral fluid space
developing due to shrinkage of the acrylic resin. Initial pressure placed when the
impression is made (modified selective pressure) creates a definitive cast that
allows for making a denture base that will have contact in the palatal area after
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being processed. It is not meant to apply additional pressure to the hard palate
when the denture is in function. Although complete maxillary dentures may still
be "retentive" during function by way of adequate peripheral seal even when
devoid of palatal contact, a denture with good tissue adaptation in the palate will
not only be retentive, but also contact the area of the hard palate that is
anatomically favorable for bearing such functional loads. This could prevent
areas like the residual ridge from bearing the entire load, possibly leading to
subsequent resorption. 32
One obvious consideration in controlling this technique relates to the
pressure required in making the selective pressure impression in order to create
a cast where the palatal tissue is displaced enough to compensate for shrinkage
of the acrylic resin. The practical range of displacement should be a function of
the load applied by the clinician normalized by the surface area of the denture
(determining the pressure developed) and the compliance of the palatal tissues.
Among these displacement factors, only the force delivered by the clinician can
be varied (and this only within certain limits).
The amount of pressure that was exerted to the displaceable glandular
tissue of the hard palate in making the modified selective pressure impression
was quantified loosely by measuring load (force) using a spring scale affixed to
the center of the denture base and using this to seat the impression-. An average
recording of approximately 5 Ibs (22.24 N) was established, being applied over a
surface area of approximately 400 mm 2 (assuming the selected area maintained
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most of the load). Thus, the displaceable tissues were responding to an initial
pressure of approximately 8 psi (0.06 MPa).
Under the conditions of this study, such pressure was sufficient to improve
the fit of the processed denture. The question remains, then, as to how versatile
this technique will be among clinicians and subjects. The range of potential loads
that different clinicians might apply is probably not very wide, perhaps 3 Ibs to 8
Ibs (13.34 N to 35.58 N) yielding (in this case of 400 mm 2 ) between 4.35 psi to
12.9 psi (0.03 MPa to 0.089 MPa). The range of surface areas (glandular tissues
on either side of the median raphae) among subjects is likewise not thought to
vary much beyond 300 mm 2 to 500 mm 2 . Future studies can be conducted by
studying the effect of multiple operators and measuring the minimal pressure
needed for displacing palatal tissues of interest to see if these assumptions are
valid.
In evaluating the clinical technique of the modified selective pressure
impression, only one palatal form in one subject was studied by one operator. It
can only be assumed that this technique will be successful for different palatal
forms in the hands of other operators. Future research will be needed to
determine conclusively if this technique is repeatable.

VII. CONCLUSIONS
The following conclusions were made:
1. Of the three maxillary complete denture impression techniques compared,
the modified selective pressure technique produced lower film thickness
(oral fluid space) in the palatal area measured, where distortion due to
shrinkage is high and provides the clinician with a method of improving the
palatal adaptation of maxillary complete dentures fabricated with heat
polymerized poly(methyl methacrylate).
2. The new photometric image anaiysis methodoiogy that was deveioped
allowed the oral fluid s'pace (i.e., salivary film thickness or "fit"), to be
quantitatively measured in three dimensions.
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VIII. FUTURE RESEARCH
The findings of this study provide the following future research opportunities:
1. Measurements (at the level of the patient) of three dimensional fit of dentures:
•

fabricated using various materials;

•

fabricated by various processing methods;

•

based on changes in denture fit with time;

•

based on circadian alterations in fit;

•

with varying patient anatomy.

2. Evaluation and/or refinement of mathematical models of denture retention
versus salivary film thickness ("fit").
3. Further investigation of the general applicability of the modified selective
pressure impression technique using multiple subjects and operators.
4. Improvement of imaging capabilities via 12 or 16 bit data capture and the use
of filters.
5. Further development of the measurement technique for 3D analysis of fit of
fixed prostheses.
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Table I

Image analysis data of impression specimens
(subject's existing denture)

Specimen

Thickness Groups

%Cell Area

Cell Area

1

Transparent

1.48258

1349

Red

15.6412

1349

Green

34.6924

1349

2

3

4

5

Blue

38.3988

1349

Cyan

9.78503

1349

Magenta

1349

Black

0
0

Transparent

5.33729

1349

Red

7.9318

1349

Green

39.5107

1349

Blue

')0 n'lO'l
vU.VLUL

1349

Cyan

9.19199

1349

Magenta

1349

Black

0
0

Transparent

1.26019

1349

Red

2.298

1349

Green

38.2506

1349

Blue

32.172

1349

Cyan

21.6457

1349

Magenta

4.37361

1349

1349

1349

Black

0

1349

Transparent

0.963677

1349

Red

4.52187

1349

Green

34.0993

1349

Blue

33.358

1349

Cyan

24.4626

1349

Magenta

2.59451

1349

Black

0

1349

Transparent

1.55671

1349

Red

3.11342

1349

Green

37.5093

1349

Blue

31.9496

1349

Cyan

24.0919

1349

Magenta

1.7791

1349

Black

0

1349
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Table II

Image analysis data of impression specimens
(irreversible hydrocolloid technique)
Right palate
Region 1

Specimen
A5

A4

A3

A2

A1

Thickness
Groups
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black

%Cell Area
0
4.32243
41.2383
43.9252
10.514
0
0
1.75234
5.02336
29.3224
46.1449
17.4065
0.350467
0
2.68692
4.78972
41.3551
46.8458
4.32243
0
0
0
6.07477
28.1542
52.9206
12.8505
0
0
0
0.584112
37.7336
49.2991
6.30841
6.07477
0

Cell Area
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856

Left palate
Region 2

0/0 Cell Area
0
0.347222
34.838
33.6806
29.1667
1.96759
0
0.462963
1.38889
29.1667
14.8148
45.6019
8.56481
0
6.01852
8.91204
37.1528
22.6852
22.9167
2.31481
0
0
0.925926
32.6389
42.9398
18.0556
5.43981
0
0
0.925926
44.0972
36.2269
18.1713
0.578704
0

Cell Area
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
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Table III

Image analysis data of impression specimens
(minimal pressure technique)
Right palate
Region 1

Specimen
B5

B4

83

B2

B1

Thickness
Groups
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black

%Cell Area
0

0
35,,7477
49.2991
8.06075
6.89252
0
5.84112
9.22897
55.8411
29.0888
0
0
0
0
8.17757
33.6449
53.3879
4.78972
0

0
0
3.50467
37.9673
37.1495
21.028
0.350467
0
0.116822
18.3411
42.4065

Cell Area
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856

Left palate
Region 2

0/0 Cell Area
0
0
.29.9769
42.5926
24.1898
3.24074
0
0.462963
4.51389
48.8426
39.4676
6.71296
0
0
0
0.231481
46.9907
45.4861
7.29167
0
0
0.694444
0.925926
44.4444
42.0139
11.9213
0
0
0
2.08333
41.5509

Cell Area
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
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Table IV

Image analysis data of impression specimens
(modified selective pressure technique)
Right palate
Region 1

Specimen
C5

C4

C3

C2

C1

Thickness
Groups
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black
Transparent
Red
Green
Blue
Cyan
Magenta
Black

%Cell Area
0.46729
4.20561
69.8598
15.6542
5.14019
4.6729
0
5.49065
19.1589
33.1776
26.4019
9.34579
6.19159
0.233645
0.233645
14.3692
62.6168
17.8738
4.90654
0
0
0.46729
40.4206
28.8551
23.4813
5.37383
1.40187
0
7.12617
11.7991
67.4065
13.6682
0
0
0

Cell Area
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856
856

Left palate
Region 2

0/0 Cell Area
2.89352
12.2685
38.4259
24.7685
12.1528
9.49074

0
4.62963
27.5463
24.4213
17.2454
22.6852
3.47222
0
12.1528
11.9213
22.4537
16.6667
25.5787
11.2269
0
15.0463
14.8148
21.0648
16.6667
26.0417
6.25
0.115741
20.6019
6.8287
21.7593
12.037
32.9861
5.78704
0

Cell Area
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
864
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Cumulative Thickness Profiles
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