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Section Five - Removable Prosthodontics

Section Five contains information related to removable prosthodontics. The
examination of the edentulous patient provides information that is essential for
sequencing the plan of treatment. Developing an occlusal concept and scheme for
the edentulous patient is based in part on science and in part on clinical experience.
Where science is lacking, experience has been invaluable, however, a great deal of
information contained in the literature is empirical. Literature dealing with the
treatment of the partially edentulous patient is more exacting, however, it is sparse.
Clinical trials have been completed and articles dealing with their findings are
included in this section. Designing the removable partial denture and the
mechanics of design are detail. The authors and the titles of their presentations
related to removable prosthodontics follow:

Dr. Brien R. Lang

“Removable Prosthodontic Occlusion”
Dr. Glen P. McGivney

“Removable Partial Dentures - Part 1”
Dr. Edward J. Billy

“Removable Partial Dentures - Part 2”
Dr. Kenneth D. Rudd

“Designing The Removable Partial Denture”

Dr. Krishan K. Kapur

“Review Of RPD Clinical Trials”



Removable Prosthodontic Occlusion
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REMOVABLE PROSTHODONTIC OCCLUSION
Background

The search for the ideal occlusal form and tooth arrangement for removable
prosthodontics has been going on for almost two centuries. During this time authors have
devoted considerable time and effort writing about the advantages of one occlusion over

- another. Up to and incdluding most of the 1970's, these reports have centered on: 1)
comparing anatomic to nonanatomic teeth, or 2) comparing a balanced occlusal concept
versus a nonbalanced arrangement from three perspectives, namely:

1. The effects on denture base stability.

2. The functional stresses produced by the various tooth forms during chewing and
mandibular movements.

3.  The effects on tissue preservation.

The subject of complete denture occlusion was the basis for the International
Prosthodontic Workshop in Ann Arbor in 1972. Approximately 100 individuals address
this topic from seven different perspectives.

Section I ALVEOLAR BONE

Section I THE PHYSIOLOGY OF JAW MOVEMENTS

Section I ARTICULATORS AND ARTICULATION -

Section IV OCCLUSAL PATTERNS AND TOOTH
ARRANGEMENTS

Section V DENTAL MATERIALS

Section VI POST-INSERTION CHANGES

Section VI .HUMAN FACTORS '

Perhaps, the single most important finding from the Section on Occlusal Patterns and
Tooth Arrangements was the statement clearly summarized in their report, "At the
present, the choice of a posterior tooth form or arrangement for complete dentures is an
empirical procedure. Little or no supporting research is available to the profession relative
to the overall effect on esthetics, function, and the long-term maintenance of the
supporting tissues. All the occlusal forms may be arranged with or without bilateral
balance. Many claims and counterclaims appear in the literature extolling the merits of a
given concept or pointing out the deficiencies of another. Scores of clinically competent
and intellectually honest professionals document clinical experiences in a very subjective
manner. Since their experiences differ and their conclusions conflict, the practitioner is
left to make his or her own choice. The available research fails to identify a superior tooth

form or arrangement; therefore, it appears logical to use the least complicated approach
that fulfills the requirements of the patient.”

Has the body of knowledge changed and is additional scientific information available
today that will provide some of the answers that were lacking in 1972? Regarding tooth
form and occlusal schemes, the answer is no! What has emerged however, are
technological advances and improved methodologies which demonstrate that potential



does exist to develop research protocols to discover the answers to these plaguing
questions.

NOMENCLATURE AND TERMINOLOGY

Any discussion in prosthodontics would be incomplete without a review of
nomenclature and terminology. We cannot communicate effectively unless we are
speaking the same language. The fifth edition of the Glossary of Prosthodontic Terms
published in the Journal of Prosthetic Dentistry in December 1987 should be the reference
source for all scientific writings or discussions. With this edition, numerous changes for
better clarity were introduced. For example:

1. In the past, we generally used the term "occlusion" in discussions, however, the
more appropriate term is "articulation, dental”.

2. "Centric occlusion” is another term used in the past that should be replaced with
"intercuspation, maximum".

3. "Centric relation” is a term in transition to obsolescence, however, it is most
difficult to discuss dental articulation in the absence of this term.

Recognizing that articulation is a dynamic state and occlusion represents a static tooth

relationship, one must further define the types of static tooth contacts that can be obsexved.
For example: .

Anatomic occlusion
Monoplane occlusion
Linear occlusion

All three types of occlusions have been described in the literature based on tooth
contact relationships and their definitions must be clearly understood.

Articulation, on the other hand, is the dynamic state of tooth contact relationships and
has several types. For example:

Balanced articulation
Monoplane articulation
Lingualized articulation

"Balanced occlusion” is a term that is considered objectionable and should be avoided if
possible.

Just as we defined "articulation, dental,” we must also recognize that there is a
functional articulation.

On the other hand, "balanced articulation" can be further defined as:

Cross-arch balanced articulation



It would be difficult to discuss dental articulation without reference to teeth. Therefore,
we should be familiar with the terms:

Teeth, anatomic teeth
Non anatomic teeth
Zero-degree teeth
Cuspless teeth.

No discussion of terminology and nomenclature as related to occlusion would be
complete without the terms:

Cusp height and cusp angle
Working and nonworking side

REVIEW OF OCCLUSAL FORMS AND OCCLUSAL SCHEMES

QOcclusal Form

Most of the artificial teeth that are available to the profession today were developed by
the manufacturers in response to the development of the dental articulator in the early
1900's. These early designs, most of which are still in use today, employ geometrical
principles and are considered "engineered” artificial teeth, or they are conceived designs by
the master carver that would hopefully fulfill the requirements of function and stability
for the patient. The concept of an engineered tooth was the direct result of the application
of geometrical concepts into articulator design as described in the early work of Bonwill
and Gysi. Basically, the articulator became the kinematic instrument that directed the
carving tools which cut the primordial forms that were eventually carved into the
anatomic tooth forms. The classical article describing the carving of denture teeth was
that of Gysi in 1929. Gysi used four strips of metal to cut forms that he considered to be
similar to "sharks' teeth" which he mounted on a dental articulator. A block of plaster
was attached to the opposite member of the articulator and the various movements of the
articulator were made to define the primordial forms of the masticatory surfaces of the
maxillary premolars and molars. Gysi later replaced this rather crude method of tooth
carving with geometric concepts whereby, "given the rotation points for the right and left
lateral bites and the protrusive movement, one can determine by purely scientific

methods, and without the shark's teeth, the size and inclination of each facet of each
tooth."

Examination of these early applications of geometric form and motion and the
resulting primordial forms that are then carved into teeth, clearly demonstrated that the
artificial tooth is a dynamic three-dimensional body possessing many inclinations and
angles that are significant in articulation that cannot be defined by the current definition as
cusp angles. By definition, cusp angle is the slope of a cusp with a perpendicular line
bisecting the cusp, measured mesiodistally or buccolingually. Such cusp angles have little
bearing on the design of the tooth. In fact, the designation of cusp angle associated with
some of the currently supplied artificial teeth are misnomers. A study by Thompson and



Lang (to be discussed later) clearly points out the differences in cusp angles as defined and
cusp angles of significance in articulation.

The earliest posterior tooth designed by Gysi using this method was the Trubyte 33-
degree posterior. These teeth were carved with a 33 degree condylar inclination and a
similar incisal guidance. These mechanical equivalents and controlling factors were
selected for two reasons: 1) the average condylar slope for adult patients as determined
experimentally by Gysi was approximately 33 degrees and 2) Gysi had observed as early as
1911 that a reduction in the indsal guidance from an average of 60 to 80 degrees for natural
teeth to 30 to 35 degrees for the edentulous patient, would effectively reduce lateral forces
and increase the denture stability. Scientific data to support the lateral force reduction and
the increase in denture base stability by present day standards, however, was not published.
A careful study of the occlusal surface of the 30-degree teeth created by these end-

controlling factors supports the premise that very few if any cusps on the occlusal surface
of this tooth would be 30-degrees.

During the 1920's considerable bone loss under dentures was assodated clinically with
the higher cusp teeth (45 degrees) and thus, the introduction of "all sort of mechanical
posteriors.” The emphasis on cusp reduction resulted in Gysi and W.C. Whitmore
developing the 20-degree porcelain posteriors in 1930. The 20-degree teeth were carved as a
working unit accurately to the mathematical plan for its design. The condylar guidance for
the cutting instrument was set at 30 degrees to the horizontal and the sagittal incisal
guidance was 10 degrees. Historically, the Trubyte 20-degree posterior teeth were follpwed
by a 30-degree posterior tooth designed and formulated by Drs. Pilkington and Turner. The
30-degree posterior teeth were mathematically designed and cut to a horizontal condylar
angle and the sagittal incisal angle of 30 degrees. Many other anatomic and nonanatomic
posterior tooth forms have been developed since Gysi introduced the engineered tooth
concept. In most instances, their occlusal morphology has been based on engineering
prindples and articulation. Harold R. Ortman presents an excellent historical overview of
these many different posterior tooth molds in Chapter 13 - Complete Denture Occlusion in

the text Essentials of Complete Denture Prosthodontics, 2nd edition by Sheldon Winkler,
1988.

In 1925, Rudolph L. Hanau presented the profession with a discussion paper entitled,
"Articulation, Defined, Analyzed and Formulated." His theories were formulated without
experimental evidence, yet accepted by the profession with only slight modification of his
original concepts. What evolved was an interpretation of the laws of articulation into an
interrelationship; which Hanau called "factors governing articulation.” Hanau stated,
"balanced articulation is the change from one balanced occlusion to another while the
masticatory surfaces remain in balanced contact.” His concepts were limited to mechanical
balanced articulation thereby distinguishing .hem from physiologic balanced articulation.
Mechanical involves as Hanau stated, “"precdise laws of articulation based on geometry, an
occlusion constructed on an articulator completely controlled by mechanics." Hanau
further stated that, "of the five factors governing articulation it is 'relative cusp height'
that unites the manufacturers tooth form to the concept of mechanical balanced
articulation.” Hanau defines "relative cusp height" as the projection on the cusp base of
the movement of a point directed along the incline from the base to the cusp summit. The
magnitude of this guiding path is related to its projection onto an accepted coordinate
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system. Cusp angle is the conventional term and being described in degrees, was adhered
to in expressing the laws of articulation.” This definition is probably more significant in
relating articulator end-controlling factors and the angular inclines developed
mathematically during articulation to what will be required on the occlusal surface of a

supplied tooth to achieve occlusal balanced articulation as a maxillary tooth passes over
the surface of its mandibular antagonist.

Cusp angulations and their effect on balanced articulation, are discussed in Sharry's
text, the second edition, chapter 15, pages 235 to 259. Sharry states that the inclination of
the teeth and the compensating curves are of more importance to balanced articulation
than is the inclination of the occlusal plane. The inclination of a particular tooth is of little
value unless the tooth is placed vertically and thereby re-establishing the compensating
curves produced in its occlusal design. In fact, if one refers back to the tooth carving
process, we soon realize that the compensating curves, both anteroposteriorly and
mediolaterally, are cut into the tooth during carving as a function of the cutting tools’
position within the cutting instrument. To introduce further compensation during the
arrangement of teeth, defeats the engineering principles developed in carving the tooth.

For example, regarding protrusive balance, if the horizontal condylar guidances were 30
degrees and the horizontal incisal guidance was also 30 degrees, teeth with 30 degree cusps
would balance perfectly if all contacted a 0 degree plane of occlusion. Sharry further states,
"if the condylar guidances were 45 degrees and the incisal guidance 30 degrees, teeth with
30-degree cusps, if all contacted a 0 plane of occlusion, would not balance, but instead
would separate posteriorly.” Indeed, Sharry was right; however, most clinicians would
suggest increasing the compensating curve during tooth arrangement to achieve balance
in this example. Doing so, however, would destroy the relationship of the engineered

guidance pathways to the opposing dentition. The better choice would be to select a tooth
with steeper cusp angulations.

Recognizing the relationship of the influence of the end-controlling factors on
articulation, and the methods used to create the "engineered" posterior artificial teeth, one
soon realizes that a 30-degree tooth with its complex occlusal surface must be arranged in
the articulator in the same relationship to the end-controlling factors as it was in the
carving instrument when its primordial form was created, if one wishes to achieve a
balanced articulation. Any deviation from this position will alter the relationship of the
guidance pathways created in carving the tooth to the guidance pathways established by the
end-controlling factors during movements of the articulator. Manipulation, rotation,
raising, lowering, or repositioning of the teeth to a different position to gain a balanced
articulation defies the existence of solid geometry as a science and produces occlusal contact
relationships in either the static positions or during articulation that are not within the
design concepts of the teeth. More strongly stated, one cannot create an exact balanced
articulation by merely moving the teeth around. Balanced articulation is created through
arrangement in the best possible maximum intercuspal position, in a slightly open
occlusal vertical dimension, followed by selective occlusal equilibration to created the exact
primordial forms needed that can be formed into the cuspal inclinations required to
achieve mechanical balanced articulation as influenced by the several guidances
established in programming the dental articulator.



To further emphasize this discussion, read the article by Thompson and Lang in which
23 different posterior teeth were measured for the cusp angulations from the cusp base
along the guidance pathways in various movements. Very few, if any, posterior teeth can
be arranged to a balanced articulation while maintaining the engineering designs, without
extensive occlusal modification. Again, altering the position of the tooth to gain contact in
one movement of balanced articulation destroys the contacts in the other movements.

Occlusal Schemes

It may well have been this difficulty in achieving balanced articulation that led to the
development of a great number of occlusal schemes. Ten contemporary occlusal schemes
were review by Beck in 1972 and summarized into five that demonstrated the balanced

occlusion and articulation concept and five in the nonbalanced category in eccentric
maximal intercuspal positions.

Balanced Occlusion and Articulation.

The classical example of bilateral balanced articulation dates back to 1914 when Gysi
introduced the 33-degree cusp form arranged according to the movements of the

articulator. This scheme was meant to enhance stability and direct the contact forces
towards the ridges.

Reduction of the occlusal table of the lower posterior teeth to increase the stability of
the dentures was advocated by French in 1954. The upper posterior teeth have slight
lingual occlusal inclines of 5 degrees for the first premolars, 10 degrees for the second
premolars, and 15 degrees for the first and second molars, so that a balanced articulation

could be developed laterally as well as anteroposteriorly by the arrangements of the teeth
on a curved occlusal plane.

Sears was one of the greatest exponents of nonanatomic tooth forms. He introduced
his chewing members in 1922 and his channel type posterior teeth in 1927. These teeth
had a restricted acceptance by the profession. The modified nonanatomic tooth patterns
from the early types are more extensively used today. A balanced articulation can be

developed by a curved occlusal plane anteroposteriorly and laterally or with the use of the
second molar ramp.

Pleasure rationalized that the occlusion should be of spedial design due to the instability
of the lower denture. Resultant forces should be directed vertically and/or lingually. His
scheme employed a posterior reverse lateral curvature except for the second molar which
is set with the customary lateral curvature to provide a balanced articulation.

The last balanced scheme employs an arbitrary articulator balance, followed by intraoral
corrections to obtain balance, and it illustrates a linear occlusion which is intended to give
a one-dimensional contact between the opposing posterior teeth as advocated by Frush. A
blade on the lower posterior teeth contacts essentially flat surfaces of the upper teeth set at
a slight angle to the horizontal. The intent in this scheme is to eliminate occlusal
deflective contacts and provide greater stabilization of the dentures.



Nonbalanced Schemes

A nonbalanced scheme that stresses the position of the anterior teeth to preserve the
phonetic values of the patient in harmony with increased denture stability and efficiency
with the chewing cycle was advocated by Pound. The scheme incorporated a sharp upper
lingual cusp in opposition with the widened fossae of the lower teeth in centric ocdlusion.
The buccal cusps of the lower posterior teeth were reduced thereby eliminating any
‘deflective contacts on the completed dentures. In effect, the occlusion is lingualized by the
elimination of contacts on the buccal cusps and by the anteroposterior arrangements of the
lower posterior teeth so that their lingual surfaces are on or within the lingual side of a
triangle from the mesial area of the lower cuspid to the sides of the retromolar pad.

Another scheme described by Beck, by way of a personnel communication with Arthur
Aull, used the 33-degree cusp form with full occlusal gold surfaces. The anterior teeth are
set to the requirements of phonetic values. Extreme vertical overlaps producing cuspid

guidance are frequently used, resulting in disocclusion of the posterior teeth away from the
maximum intercuspal position.

A contemporary occlusal design using nonanatomic teeth in a straight horizontal
occlusal plane was introduced by Hardy. Porcelain, plastic or metal shearing blades, placed

in -a block of upper posterior teeth occluding against lower porcelain teeth, were also
considered with this scheme.

-

The occlusal pivot introduced by Sears was another nonbalanced scheme. The pivots
were proposed to place the mandible in equilibrium by maintaining the load in the molar
regions, and thereby protecting the temporomandibular joints against injury. Stress was
also reduced in the anterior regions of the ridges in anticipation of tissue maintenance
using this scheme.

A nonbalanced articulation in eccentric positions using a horizontal occlusal plane
without a posterior ramp was advocated by Kurth. The posterior teeth were arranged in a
block with a flat anteroposterior occlusal plane and reverse lateral curve.

Many of these schemes are in use today, however, long-term sdentific investigations to

support any claims of tissue maintenance, denture stability, or increased masticatory
effidencies are lacking in the literature.

We would be remiss if we didn't mention the monoplane occlusal concept as defined
by Philip M. Jones in 1972. In this concept, a nonanatomic occlusal scheme is used with a
few specific modifications. The first departure is the articulator used. It should
accommodate large casts, it should not show lost motion, and it should possess an incisal -
guide pin. As Jones states, a barn door hinge fits these requirements. Another departure is
that the maxillary and mandibular teeth are arranged without any vertical overlap. The
amount of horizontal overlap is determined by the jaw relationships. The maxillary
posterior teeth are set first, and the occlusal plane must fulfill certain requirements First,
it should result in an occlusal plane that evenly divides the space between the upper and
lower ridges. Second, it should provide an occlusal plane that parallels the mean denture
base foundation. Finally, the plane should fall at the junction of the upper and middle
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thirds of the retromolar pads. In the final arrangement of the teeth the maxillary and
mandibular teeth contact from anterior to posterior in maximum intercuspation with the
exception of the second molars. The occlusal surface of the upper second molar should be
set parallel to the occlusal surface of the lower second molar; but 2 mm above the occlusal
plane, thus well out of occlusion. This condition is established because the first and second
premolars and the first molars masticate the food. The second molars are space fillers and
do not function. This occlusal scheme has received a great deal of attention over the past
years, however in most instances when monoplane occlusion has been discussed, these
previously described modifications are not strictly followed.

REMOVABLE OCCLUSION - CURRENT KNOWLEDGE

Removable occlusion research during the past twenty years has been rather sparse and
centered around three areas: a) theoretical or specific clinical models, b) chewing effidency
and chewing ability, and ¢) biting forces and/or chewing forces. Research aimed specifically
at tooth forms and occlusal schemes have not been a high priority during this period,
probably because of the difficulty to isolate the variables involved, and the reliability of the
scientific methods available. However, recent studies involving patients with dentures in
combination with osseointegrated implants are demonstrating methodologies that may

help to determine if there is a tooth form or occlusal scheme that is better for the overall
health and welfare of the patient.

Theoretical Or Specific Clinical Models .

Colaizzi et al. in a specific clinical model studied border movements at the incisor point
in denture wearers with two interchangeable occlusal schemes of posterior teeth to
determine if differences occurred as a function of tooth form, and to compare the
movement patterns to those of patients with natural dentitions. The authors concluded
that the denture patient populations produced a rounded, poorly defined intercuspal-like
position in contrast to a well-defined sharp intercuspal position in the natural dentition
subjects. This poorly defined position in the denture wearers occurred with both the
nonanatomic or anatomic posterior tooth forms in place. However, the lack of a sharply
defined intercuspal-like position would seem to support the hypothesis that research on
tooth forms and border movements was influenced more by the denture base instability
than the tooth forms themselves. This study would seem to further support the premise
that the absence of differences may be the result of the lack of a reliable method not
necessarily the absence of a difference in response to tooth form.

The finite element experimental model was used by Maeda and Wood to study bone
resorption beneath a maxillary complete denture as influenced by occlusal forces. In their
study, the authors assumed that a threshold of compressive strain existed in the alveolar
bone above which resorption occurred. The pattern of predicted resorption was observed
when 100 neutons of force was applied to three positions occlusally, and 20 N was applied
facially. The pattern of simulated bone resorption was similar to that reported from
clinical observations, which suggested that the restoration may be associated with
compressive strains developed in the alveolar bone. The resorptive pattern developed by
this mathematical model argues for the importance of occlusal adjustment of dentures to
move the occlusal load point palatally and the possible significance of tooth contacts
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and/or tooth forms used in producing a balanced occlusion in protrusive and lateral
excursions. :

Chewing Efficiency And Chewing Ability

Clough et al., examined chewing efficiency and chewing ability using 30 patients treated
with duplicate sets of dentures. One set had monoplane occlusion using 0-degree teeth in
‘both arches, while the other was arranged to the lingualized concept using maxillary 30-
degree teeth opposing the mandibular 0-degree tooth. The patients wore one set for three
weeks and then the other set for a second three week test period. The chewing ability of
each patient was recorded along with their preference for a given set of dentures. There
was a preference for the lingualized occlusion by sixty-seven percent of the patients
interviewed and this preference was statistically significant according to a chi-square
analysis. The reason given by patients who preferred the lingualized occlusion seemed to
support the contention that lingualized occlusion improves their masticatory abilities as
compared to a cuspless scheme, while also providing a noninterferring freedom and
bilaterally balanced articulation. It must be remembered, however, that the data collected
in this study were responses to a questionnaire and thus nonparametric in nature.

Biting Force And/or Chewing Forces

A number of studies have been conducted over the past several years on biting force
and/or chewing forces. Michael, Javid, Colaizzi, and Gibbs compared the biting force of the
denture wearer to patients with natural teeth. The maximum biting force of the denture
wearer averages 35 lbs or 16 kg. The bite strength of natural dentition subjects was 162 lbs
or 74 kg, or 4.5 times greater than that of the denture wearers. It should be noted that the
range of bite strength varied for both the natural dentitions (55 to 280 lbs) and the denture

wearers (22 to 47 lbs). Similar ranges and bite forces have been found in other studies by
Gibbs et al.

Bite forces were studied in selected groupings of patients with different prosthetic
rehabilitation conditions by Lassila et al. Three groups were examined: a) patient with
maxillary and mandibular complete dentures, b) patients with maxillary complete
dentures opposing a mandibular removable partial denture, and ¢) patients with natural
teeth or removable partial dentures in the maxillary arch opposing a mandibular
removable partial denture. Patients were asked to bite on a special bite fork that recorded
maximum force in neutons. Seven regions were measured around the dental arch. The
authors concluded that instability and interferences in the occlusion created a significant
decrease in bite force in groups (a) the totally edentulous group, and group (b) the
combination syndrome patient (p<.001). The bite force was clearly greater with the natural
teeth versus the RPD in group (c). In both the edentulous group (a) and the RPD/denture
group (b), the greater bite force was in the molar and premolar regions. The contralateral
stabilization of occlusion during the recording had a considerable effect on the bite force.
Values that were reached were clearly greater than without stabilization and the
measurement was more reliable. The importance of a stable occlusion increased as the
number of natural teeth decreased. The positive effect of a stable occlusion on the bite
force was evident in this study. This study is extremely important in that it supports the
hypothesis that a lack of stability can influence the magnitude, the validity and reliability
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of the measurements being made. Considering these finding, few if any previous studies
trying to measure the effect of either tooth forms or balanced versus a nonbalanced
relationship using the edentulous population, had any chance of providing data to prove
statistically significant differences. This does not mean that differences do exist, however,

it clearly supports the hypothesis that the previous studies had little if any chance to prove
the same.

One of the few studies conducted recently that dealt with occlusal forms and chewing
ability was by Michael et al. In this investigation denture wearers were studied using
dentures with interchangeable posterior occlusal schemes involving zero degree and 30
degree posterior teeth. These examiners studied bite strength and chewing forces and
found no statistical differences in chewing forces between the two posterior tooth forms
studied. Again, one might question denture base instability and the sdentific method.

Lundquist, Carlsson, and Hedegard studied masticatory function by means of a chewing
efficiency test and bite force measurements in a group of patients who were seeking
rehabilitation with osseointegrated implants. The patient population consisted of
individuals with dentures who had experienced great difficulty adapting to dentures. The
patients chewing efficiency and bite forces were measured before and after new dentures
were constructed. They found no significant correlations between the quality of the
dentures and the measurements of bite force and chewing efficency.

Forces required by complete dentures for penetrating some commonly used food items
were measured experimentally by Eerikainen and Kononen under simulated conditions.
These forces were compared with the maximal bite forces of twenty-seven complete
denture wearers as measured clinically. Simulated laterotrusion aided most in the
penetration of ray bread and boiled meat. The penetration forces in simulated conditions
were high compared with the maximal bite forces of the complete denture wearers
clinically. It is reasonable to assume that perhaps the major cause for the rejection of
particular food items from the diet by patients may be due to high bite force needed to
chew these foods. Food pulverization experiments have shown that complete denture

wearer's ability to penetrate food is much lower (one-third to one-sixth) that of persons
with natural dentitions.

In a study by Lindquist, 64 edentulous patients were evaluated prior to and following
new denture construction for bite force, chewing efficiency and chewing ability. The
patients were then treated with osseointegrated implants in the mandible and retested for
the previously listed variables. In summary the function tests showed small changes after

denture treatment. Improvement was greater, however, in those subjects with the poorest
pretreatment values.

Following treatment with implants, the means in neutons of bite force measurements
increased in 24 edentulous subjects at three force levels on four occasions I = old dentures,

II = after denture treatment, Il = 2 months following treatment, and IV = 3 years after
implant placement in the mandible.

The patient's own evaluation of their ability to chew different foods changed only
slightly after denture treatment, whereas a dramatic improvement was reported after
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insertion of the implants. This improvement was maintained during the observation
period.

One of the few negative consequences of the improved masticatory function in the
rehabilitated patients was a high rate of midline fractures of the maxillary denture. The
maximal bite force has been shown to become two or three times as high after insertion of
a fixed TIP in the mandible of complete denture wearers.

Jemt and Carisson conducted a similar study on 16 edentulous patients wearing
complete dentures who were subsequently treated with implant placement in the
mandible. These investigators measured bite force, chewing efficiency, and chewing
ability. Their findings verified that the rehabilitation of complete denture wearers with

fixed bridges on OI fixtures in the mandible on average gave a substantial improvement to
masticatory function.

In a study by Haraldson et al., nine subjects were treated with OI implants in the
mandible, followed by an overdenture. These subjects were also evaluated for bite force,
chewing efficiency and ability. Chewing function seemed to improve; however, it was less
obvious than their findings in earlier studies where the mandibular restorations were
fixed by the osseointegrated implants.

Haraldson and Zarb evaluated 21 patients ten years following treatment with implants
and dentures. These investigators measured the anamnestic and clinical examination and
registration of bite force. The bite force ranged from 118 N (gentle biting) to 250 N (as
chewing) to maximum bite at 495.5 N. On average, the bite force improved significantly at
all bite force levels compared to 10 years earlier. It was concluded that oral functions in
patients with OI implants are very favorably improved.

In yet another study, Lundgren et al. evaluated eight patients with maxillary complete
dentures and fixed restorations in the mandibular arch supported by 5-6 OI fixtures.
Cantilever segments 16 mm in length extended beyond the last fixture on each side.
Chewing, swallowing, and cosing forces were measured. In the maxillary dentures, four
strain gauges were placed in anterior and posterior regions. The patients chewed peanuts,
roast beef, and potato salad. The occlusal force pattern during chewing and biting was
comparable to patients with complete dentitions. Comparisons were made with data for
tooth-supported, cross-arch unilateral posterior two unit cantilever fixed partial dentures,
occluding with natural teeth. The posterior cantilever segments in the OI cantilever
prosthesis occluding with complete dentures regularly exhibited the largest local forces.

The comparisons as described in these last few studies are both interesting and
informative. However, their greatest significance may be in the fact that they clearly
demonstrate that in the presence of implants and increased denture base stability, bite force
transmission during chewing, swallowing and particularly clenching, gnashing and
bruxing appear to be significantly greater than with conventional dentures. In these
circumstances, we must ask if these forces may also be influenced by the occlusal form used
in either the maxillary denture or the OI mandibular prosthesis. Of equal importance may
be the influence of a cross-arch balanced or nonbalanced articulation. The article by Brewer
in 1963 and his studies on functonal and nonfunctional tooth contacts in denture patients

12



adds additional impetus to the importance of studying these variables espedally regarding
the implant patient. Functional and nonfunctional contacts were recorded over a 24-hour
test period by Brewer. Although this study was limited to only two patients, the length of
contact ranged from 10 minutes for chewing, to 2 to 4 hours for nonfunctional activity.
The tooth form used in prosthodontic reconstruction, or the occlusal concept employed
may be an extremely important influence on the health of various oral structures during
these occlusal contact periods. That such differences have not demonstrated devastating
effects in the edentulous population is probably due to the fact that the conventional
denture bases move. The increasing numbers of patients receiving implant therapy make
it imperative that sound sdientific data be obtained to either support or refute the
significance of tooth forms or occlusal schemes on the supporting tissues.

It is safe to say that little ground has been gained during the past twenty years in
determining the influence, if any, of the tooth form or the occlusal scheme used on the
overall welfare or oral health of the patient. However, this population of patients
rehabilitated with OI prosthesis may well prove to be the experimental populations that
will provided the answers to these long unanswered questions about tooth forms and a
balanced versus a nonbalanced articulation.

13
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REMOVABLE PARTIAL DENTURE

BOARD REVIEW

L  Scientific basis for RPD design

A. Longitudinal studies

1.

Longitudinal studies of up to eight years in length indicate that in partially
edentulous arches restored with removable partial dentures, few undesirable
changes can be attributed to the wearing of the removable partial denture.
There is little or no difference in caries, change in sulcus depth, tooth mobility,
or bone loss in wearers vs. nonwearers. Few teeth were lost.

There was generally some increased gingival inflammation in regions covered
by the RPD. Oral hygiene in these studies was less than ideal. Therewas
little evidence in these studies that the presence of RPD’s was causing dental
or periodontal breakdown.

Schwalm, C.A., Smith, D.E., and Erickson, J.D.: Clinical study of
patients one to two years after placement of removable partial -
dentures. J. Prosthet Dent 38:380-91, 1977.

Benson. D. and Spolsky, V.W.: A clinical evaluation of removable
partial dentures with I-bar retainers. Partl. J Prosthet Dent 41:246,
1979.

Kratochvil, F.J., Davidson, P.N. and Tandarts, J.G.: Five year study
of treatment with removable partial dentures. Part 1. J Prosthet Dent
48:237, 1982.

Chandler, J.A. and Brudvik, J.S.: Clinical evaluation of patients eight

to nine years after placement of removable partial dentures. J Prosthet
Dent 51:736, 1984.

A longitudinal study of removable partial denture patients 13 years after
placement indicated a correlation between good oral hygiene and good resuits
of treatment of 68 partial dentures in 58 patients. Twenty-three were still being

“worn, 14 had new partial dentures, and 21 were not being used and not
" replaced. The periodontal problems were rarely serious.

Carlsson, G.E., Hedegard, B., and Koivumaa, K.K.: Late results of
treatment with partial dentures. An investigation by questionnaire and

clinical examination 13 years after treatment. J Oral Rehabil 3:267,
© 1976.

The effect of extension base removable partial dentures on oral function,
esthetics, comfort and periodontal support was studied in a three part
investigation comparing subjects with shortened dental arches (SDA) and
subjects with SDA restored with removable partial dentures (RPDs). Significant



differences were noted in subjects restored with RPDs. They reported: limited
mobility of the mandibles; impaired chewing capacity: and chewing with the
anterior teeth. They also reported more esthetic complaints - RPDs did not
significantly improve oral comfort. The differences with regard to periodontal
support were small. However, the combination of pre-existing and existing
periodontal disease involvement and SDA is considered to be an unfavorable
situation.

Winter, D.J.: The effect of removable partial dentures on oral function
in shortened dental arches. J. Oral Rehabil 16:27-33, 1989.

- Oral comfort in shortened dental arches. J. Oral Rehabil 17:137-
43, 1990

- Shortened dental arches and periodontal support. J. Oral
Rehabil. 18:203-12, 1991.

B. Tissue response to removable partial dentures -

1. The amount of bone resorption beneath removable partial denture bases is
related to the type of teeth in the opposing arch.

Plotnick, E.I., Beresin, V.E. and Simkins, A.B.: The effects of variations
in the opposing dentition on changes in the partially edentulous

mandible. Part I. Bone changes in serial radiographs. J Prosthet Dent-
33:278, 1975.

2. Periodontal disease variables were shown to be more severe in individuals

wearing removable partial dentures in a cross sectional study. Age did not
have a significant effect on these variables.

Rissin, L., House, J.E., Conway, C., Loftus, E.R. and Chauncey, H.H.:
Effect of age and removable partial dentures on gingivitis and
periodontal disease. J Prosthet Dent 42:217, 1979.

3. The use of the Peritron to follow changes in gingtval health has been
investigated, and its feasibility established. This instrument measures the
flow of gingtval crevicular fluid which is related to changes in gingival health.
The method could give a rapid indication of the effect removable partial denture
designs have on gingival health.

Spielberger, M.C., Lubow, RM., Bange, AA. and Mayhew, R.B.: Effect of

retentive clasp design on gingival health: a feasibility study. J Prosthet
Dent 52:397, 1984.

4. If good plaque control and good oral hygiene are established, and if the

removable partial denture is properly maintained, the forces transmitted to
the abutment teeth do not seem to induce periodontal breakdown.

Bergman, B.: Periodontal reactions related to removable partial dentures:
A literature review. J Prosthet Dent 58:454, 1987.



5. Alongitudinal study (10 years) confirmed results of initial study. Patients who
demonstrated good oral hygiene and maintenance of their removable partial
dentures, had better results from a periodontal point of view.

Bergman, B. and Ericson, G.: Cross-sectional study of the periodontal

status of removable partial denture patients. J Prosthet Dent 61:208,
1989.

6. Partial denture, irrespective of professional problems, appears to affect coronal
and root caries of abutments. Partial dentures requiring maintenance were

related to periodontal status. Good oral hygiene and maintenance are directly
related to partial denture success.

Drake, C.W. and Peck, J.O.: The oral status of elderly removable partial
denture wearers. J. Oral Rehabil 20:53, 1993.

II. Treatment Planning and Design -
A. Biomechanics and Design Considerations
1. ibl nts of nsi RPD

a. Concepts of the movements of the extension base removable partial

dentures suggest that there are at least three possible rotational -
movements:

1) rotation about an axis through the most posterior abutments

2} rotation about a longitudinal axis as the distal extension base moves
in a rotary direction about the residual ridge

3) rotation about an imaginary vertical axis located near the center of
the dental arch.

McGivney, G.P., and Castleberry, D.J.: McCracken'’s
Removable Partial Prosthodontics, 8th Edition, St. Louis,
C.V. Mosby Ca., 1989.

b. These axies of rotation may be through occlusal rests or any other
rigid portion of a direct retainer assembly located occlusally or
incisally to the height of contour of the abutments.

McGivney. G.P., and Castleberry, D.J.: McCracken's
Removable Partial Prosthodontics, 8th Edition, St. Louis,
C.V. Mosby Co., 1989.

Renner, R.P. and Boucher, L.J.: Treatment of Partially Edentulous
Patients. Chicago. Quintessence Publishing Co., 1987.

Krol AJ.. etal: Removable Partial Denture Design. U of Pacific
School of Dentistry bookstore, San Francisco, CA. 1990.

Kratochuil. F.J.: Partial Removable Prosthodontics, Philadelphia,
W.B. Sanders 1988.



Stewart, K..L., Rudd, K.D., and Kuebker, W.A.: Clinical Removable
Partial Prosthodontics, Ishiyaku EurocAmerican Inc., St. Louis -
Tokyo, 1992.

c.  Anaxis of rotation is created through the most distally placed occlusal
rests when a distal-extension removable partial denture is loaded. If the
residual ridges are of unequal lengths, this axis of rotation may not be
perpendicular to the residual ridges. The resultant movement of
asymmetric denture bases and their effect on the tissues are discussed.
Movement of I-bar retainers located on the mesiobuccal aspect of
asymmetrical abutment teeth may torque the abutment teeth as the
denture base moves tissueward. Use of L-shaped direct retainers on the
distobuccal surveyed undercut will create a more favorable class II lever
effect on the abutment tooth.

Aviv, 1., Ben-Ur, Z., Cardash, H.S.: An analysis of rotational
movement of asymmetrical distal-extension removable partial
dentures. J Prosthet Dent. 61(2):211-4. 1989. -

f h m
Dbase partial denture.

a.  Magnitude and direction of these rotational movements are dependent
upon Tooth and Tissue support, design characteristics and the fit of the
RPD, masticatory stresses, and patlcnt habits.

McGivney, G.P., and Castleberry, D.J.: McCracken's
Removable Partial Prosthodontics, 8th Edition, St. Louis,
C.V. Mosby Co., 1989.

Renner, R.P. and Boucher, LJ.: Treatment of Partially Edentuious
Patients. Chicago, Quintessence Publishing Co., 1987.

Krol, A.J., et al Removable Partial Denture Design. U of Pacific
School of Dentistry bookstore, San Francisco, CA. 1990.

Kratochvil, F.J.: Partial Removable Prosthodontics, Philadelphia,
1988, W.B. Sanders.

Stewart, K..L., Rudd, K.D., and Kuebker, W.A.: Clinical Remgvable_
Partial Prosthodontics, Ishiyaku EuroAmerican Inc., St. Louis -
Tokyo, 1992.

-b: Force analysis

1)  Several investigators have studied the stresses produced by various
clasping systems. Photoelastic studies have indicated that the RPI
design or the mesial rest with a wrought retentive arm produce the
best stress distribution (Kratochvil 1975, 1977, 1981; Thompson
1977). The periodontometer has been used to study stresses on
abutment teeth. There was no difference in rest and clasp design
(McCartney 1980). Strain gauges have been used to measure
stresses on abutment teeth. There were variations between patients
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III1.

REMOVABLE PARTIAL DENTURE

BOARD REVIEW

Mouth Preparations -

All the information cited is mostly empirically based. None of these investigations will
withstand critical analysis for scientific validity.

A. Surveying

1.

A survey of specialists and graduate students or residents attending the American
College of Prosthodontists was conducted at their annual meeting in 1987. The
survey was designed to determine the philosophies and techniques used by
prosthodontic specialists in treatment involving the removable partial denture.
There were 195 questionnaires completed and used in determining the results. The
results indicated areas of general agreement. Comparison with other data shows
areas of controversy, but prosthodontists tend to follow techniques and
philosophies similar to what is taught in most U.S. dental schools and what is
recommended by the Academy of Denture Prosthetics (Academy of Prosthodontics)

Burns DR, Ward JE and Nance GL. Removable partial denture design and
fabrication survey of the prosthodontic specialist. J Prosthet Dent 62[3]:303-
7, 1989 Sept.

According to Krol, whenever possible, cast should be surveyed with the occlusal
plane parallel to the base of the surveyor so that its path of placement is
perpendicular to the occlusal plane. This position usually demonstrates favorable
tooth contours, which permits the development of an acceptable design. This
neutral or zero degree tilt facilitates the development of a path of placement,
which may be easily managed by the patient.

Krol AJ, Jacobson TE and Finzen FC. Removable Partial Denture Design -

Outline Syllabus, 4th Ed., Pg 25. Univ. of Pacific School of Dentistry
Bookstore, San Francisco, CA  1990.

Recording the relation of a cast to the surveyor is mandatory for accurate
fabrication of the partial denture framework. Prosthodontic residents were only
able to reproduce the tripod orientation at + 0.2 mm at each of three reference
points an average of 0.3 degree of cast angulation error.

Bowley JF. Accuracy of cast reorientation to a surveyor. J Prosthet Dent.
1992; 68:294-8.

Others have described method of accurately orienting the cast during surveying.
Davenport described a bubble gauge for recording the path of placement.

Davenport JC. Bubble gauge for recording path of placement. ] Dent.
18(4):198-202, 1990 Aug.



Recently, Johnson described the need to identify both occlusogingival and
mesiodistal undercuts when the path of random dislodging forces are not definitely
controlled. He has devised a method to identify these undercuts by modifying the

Ney surveyor. This aid will help in preventing the creep of the retentive clasp
from undercuts in any direction.

Johnson DL. Retention for a removable partial denture. ] Prosthod 1992; 1:11-
17.

Johnson DL. Adapting a dental surveyor to function in Two Planes. ] Prosthod
1993;2:206-210.

The use of a surveyor to determine the overall design of the removable partial
denture has been generally accepted by prosthodontic specialists. Decisions on the
augmentation of bony and soft tissue undercuts, recontouring of teeth to facilitate
the path of insertion, and the alteration to the abutment tooth to best satisfy the
chosen clasp assembly can only be accomplished in a systematic way by the use of a
surveyor. Therefore, one of the main users of this instrument is to determine mouth
preparation.

McGivney GP and Castleberry DJ. McCrachen's Removable Partial
Prosthodontics, 8th Ed., St. Louis, C.V. Mosby Co., 1989.

B. Sequence of abutment preparations.

1.

The accept sequence of mouth preparation is to prepare the guiding plane first so
that the dimensions of the rest can be properly executed. According to Krol, guiding
planes are not required for rotational path removable partial dentures and may be
of questionable value for tooth supported removable partial dentures. Krol also
recommends in extension base RPD's, the occlusogingival form to be flat, confined to
the occlusal one third, and 2-3 mm in length. The faciolingual dimensions are
confined to the proximal surface, rounded faciolingually in harmony with the
existing tooth contour and 3-4 mm in width. Stern associated the guiding plane
with the retention of the clasp. He recommended action distance = reciprocative
distance = length of guiding plane. While Krotochvil advocates a longer guiding
plane to eliminate the food impaction distal to the terminal abutment. He allows
freedom of movement of the framework assembly by "physiologically relieving the
casting. Demer points out the problems of a distal guide plane if left above the

height of contour or a mesially tipped tooth whose distal guide plane is less than
90° to the occlusal plane.

McGivney GP and Castleberry DJ. McCrachen's Removable Partial
Prosthodontics, 8th Ed., St. Louis, CV Mosby Co., 1989.

Krol AJ, Jacobson TE and Finzen FC. Removable Partial Denture Design -

Outline Syllabus, 4th Ed., Pg 25, Univ. of Pacific School of Dentistry
Bookstore, San Francisco, CA 1990.

Stern W]. Guiding planes in clasp reciprocation and retention. J Prosthet Dent
34:408-414, 1975.

Kratochivil F]. Partial Removable Prosthodontics. Philadelphia, W. B.
Saunders Co., 1988.



Demer W]. An analysis of mesial rest-I-bar clasp designs. ] Prosthet Dent.
36:243-253, 1976.

The preparation of the occlusal rest has been outlined in several text books and
articles. The general consensus is that it is spoon shaped, one third the faciolingual
width of the tooth, one half the width between the facial and lingual cusp tip,
approximately 1 mm in thickness, the seat should be lower in the middle of the
tooth than at the marginal ridge, and the junction with the minor connector is
rounded to avoid a fracture point. Variations in anterior design such as V-shaped,
C-shaped, or ledge have been advocated. However, caution of dentin exposure was
noted in an average of 55% of the preparations. In the molar tooth, Kratochivil

recommends carrying the rest into the distal fossae to better direct the occlusal
forces. :

Krol A], Jacobson TE and Finzen FC. Removable Partial Denture Design -
Outline Syllabus. 4th Ed., Pg. 142, Univ. of Pacific School of Dentistry
Bookstore, San Francisco, CA 1990.

McGivney GP and Castleberry DJ. McCracken's Removable Partial
Prosthodontics, 8th Edition, St. Louis, CV Mosby Co., 1989.

Jones RM. Dentin exposure and decay incidence in removable partial denture
rest seats. Int J Prostho 5:227-36, 1992.

Krotochivil F]. Partial Removable Prosthodontics, Philadelphia, WB
Saunders Co., 1988.

The treatment of the abutment teeth for clasp placement has gone from unaltering
the form of the tooth (Roach) to total alteration of the tooth (McCracken) and
variation in-between with the use of veneers (Dixon).

Roach FE. Principles and essentials of bar clasp partial dentures. JADA. Jan
1930, pp. 124-138.

McGivney GP and Castleberry DJ. McCracken's Removable Partial
Prosthodontics. 8th Ed., St. Louis, CV Mosby Co., 1989.

Dixon DL, et al. Use of a partial-coverage porcelain laminate to enhance
clasp retention. J Prosthet Dent. 63:55-58, 1992.

a. Axin described a method of recontouring abutment to establish a
retentive area. He cautions that if the tooth diverges from the
parallel more than a few degrees, a retentive undercut would not be
possible without taking away an excessive amount of tooth structure.

Axin S. Preparation of retentive areas for clasps in enamel. ] Prosthet Dent.
34:405-407, 1975.

b.  Smith describes the use of crowns to modify abutment tooth contours to
better accommodate the clasp assembly.

Smith B] and Turner CH. The use of crowns to modify abutment teeth of
removable partial dentures. ] Dent. 7:52-56, 1979.



¢.  Dixon used a porcelain laminate restoration to enhance the retention of
a wrought wire clasp. She later tested the wear on porcelain using a
wear machine. The results showed no debonding with equivalent wear
up to five years. The combined wear of a clasp and porcelain showed no
significant difference from the combined wear of a clasp and human
enamel. A similar study on composite resin by Tiege demonstrated that
the resin clasp combination wear can be as much as five times that of
the human tooth and clasp.

Dixon DL, et al. Wear of I-bar clasps and porcelain laminate restorations.
Int J Prostho 5:28-33, 1992.

Tiege JD, et al. In vitro investigation of the wear of resin composite materials
and cost direct retainers during removable partial denture placement and
removal. Int ] of Prostho. 5:145-153, 1992.

Use of isolated abutments

Goodkind studied the effects of a lone standing premolar tooth during removable partial
denture function. He concluded that more mobility was noticed when the occlusal rest was
moved anteriorly or mesially. The use of wrought wire allowed for more movement
buccally. The wear on the distolingual aspect of the tooth suggested relief of that portion

of the proximal plate. He recommended splinting lone standing teeth to increase their
longevity.

Goodkind RT. The effects of removable partial dentures on abutment tooth
mobility: A clinical study. J Prosthet Dent. 30:139-46, 1973.

Splinting

1.

Periodontal effect

Waerhaug reported that splinting did not significantly help reduce the mobility of
teeth. He stated that the periodontal fibers are very capable of supporting the
teeth even when damaged by periodontal disease. He stated that clinical trials
and experimental data did not support splinting to reduce mobility. Good

periodontal therapy will reduce mobility in itself. Mobility does not cause bone
loss.

Waerhaug J. Justification for splinting in periodontal therapy. ] Prosthet
Dent. 22:201-207, 1969.

Selipsky discussed the indications and contraindications for splinting. Based on
the data he collected, he feels splinting should be avoided if possible, but not
evaded if necessary. He states such indications as replacement of missing teeth,
patient discomfort from loose teeth, retention of teeth in new positions often
orthodontic movement, prevention of extrusion of unopposed teeth, and extreme
residual mobility after therapy, usually related to severe and continued
parafunctional habits would constitute splinting.

Selipsky H. Osseous surgery - How much need we compromise? DCNA 20:1,
79-106, 1976.



Franzetti recognizes the need for splinting when a removable partial may increase
the torquing on the abutment teeth. The stability should be determined in
provisional splints. If provisional splints fail to stabilize the teeth, then
additional teeth should be included in the splinting. In any case, a sufficient
number of nonmobile and/or mobile teeth must be included in planning for the
splinted segment to achieve adequate long-term stabilization.

Franzetti JJ. Periodontal considerations and guidelines for therapy. DCNA
29:1, 17-38, 1985.

Stewart evaluated the mobility of teeth before and after treatment with
removable partial denture that stabilized weakened teeth. He showed that
carefully planned and constructed partial dentures with guiding planes appear to
be effective in stabilizing weakened teeth.

Stewart KL and Rudd KD. Stabilizing periodontally weakened teeth with
removable partial dentures. J Prosthet Dent 19:475, 1968.

Becker discussed the theoretical and practical considerations in treating secondary
occlusal traumatism with removable prostheses. Long-term success depends on a
continued control of periodontal inflammation and occlusal traumatism. A
recommended cause of treatment was divided into three equally important segments
of (1) periodontal therapy, (2) the removable prosthesis, and (3) close maintenance.

Becker CM and Kaldahl WB. Using removable partial dentures to stabilize
teeth with secondary occlusal traumatism. ] Prosthet Dent. 47:587-594, 1982.

Kratochvil studied the effect of splinting on abutment teeth with attachments
using photoelastics. His results showed more favorable force concentration on those
abutments that were splinted. Attachment abutments that were not splinted
showed a more induced distal force, which resulted in unfavorable horizontal bone
forces.

Kratochvil F], et al. Photoelastic analysis of stress patterns on teeth and
bone with attachment retainers for removable partial dentures. ] Prosthet
Dent. 46:21-28, 1981.

Fisher in a longitudinal study reported on the influence of base stability on
abutment teeth. He reported in those patients with poor base stability, the
abutments with negative mobility in splinted teeth had a slightly high percentage
ratio than those restored or unrestored. However, there was no significant
difference between the groups.

Fisher RL. Factors that influence the base stability of mandibular distal
extension removable partial dentures: A longitudinal study. J Prosthet Dent.
50:167-171, 1983.



E.

Materials

1.

Framework

Cunningham discussed the advantages and disadvantages of Type IV gold alloys
and base metal alloys. He concludes that the decision is up to the dentist.
However, he states some factors that may influence the selection are (1) the
availability of space for the major connectors, (2) the amount and location of
undercut on the proposed abutment for retention, (3) the complexity of the
framework design, (4) the question of whether intracoronal attachments are used,
(5) the availability of competent technical assistance, and (6) cost.

Cunningham DM. Comparison of base metal alloys and Type IV gold alloys
for removable partial denture frameworks. DCNA 17:4, 719-722, 1973.

Stevenson reported the favorable properties of titanium used as a maxillary
overdenture. He states the titanium base weights substantially less than
conventional resin dentures. It requires an adhesive resin to increase the bond to the
resin. The biocompatibility of titanium is well documented. He feels it represents
the state of the art in denture base materials.

Stevenson GC and Connelly ME. Titanium palate maxillary overdenture: A
clinical report. ] Prostho 1:1, pp 57-60, 1992.

Resins

Conventional denture base resins have been used to replace the extension base of a
removable partial denture. The introduction of bonding resins to improve the
attachment of the metal/resin interface have been introduced. These include fused
silane (silicoater), chemically bonded (4 Meta), and Tribocarbonate (Roca Tec)
which improves resin adhesion and reduces microleakage.

Bahammon SA, et al. Application of silica coating technique for removable
prosthodontics. A clinical report. ] Prosthet Dent. 65:1-3, 1991.

Tiller H]. The Kulzer silicoater method. Evaluation from the scientific-
material science viewpoint. Zahntechnik 44:48-49, 1986.

Nord RS. Krelzer's silicoater. A new technique for bonding methacrylates to
metal Trend Tech Contemp Dent Lab. 3:32-38, 1986.

Tiller HJ, et al. Sandblasting process and its use in surface conditioning of
dental alloys. 1 Quintessence 36:1927-1934, 1985.

Tilelr HJ, et al. Sandblasting procedures and its effect on the surface
properties of dental alloys. I Quintessence. 36:2151-58, 1985.

Jacobson TE. The significance of adhesive denture base resin. Int J Prosthodon.
2:163-172, 1989.

Jacobson TE, et al. Bond strength of 4-META acrylic resin denture base to
cobalt chromium alloy. ] Prosthet Dent. 60:570-576, 1988.



IV. Impressions for Removable partial dentures.

A. Anatomy

The anatomy of the denture bearing area has been well documented. A review of any
removable partial denture text will illustrate this.

McGivney GP and Castleberry D]. McCracken's Removable Partial
Prosthodontics. 8th Ed., St. Louis, C.V. Mosby Co., 1989.

Krol AJ, et al. Removable Partial Denture Design. Univ. of Pacific School of
Dentistry Bookstore, San Francisco, CA 1990.

Kratochvil F]. Partial Removable Prosthodontists, Philadelphia, 1988, W. B.
Saunders.

Stewart KL, Rudd KD, and Dieblser WA. Clinical Removable Partial
Prosthodontics. Ishiyaku Euro American Inc., St. Louis-Tokyo, 1992.

Monteith described a method to classify the total resistance potential of the
supporting structures of a distal extension jaw. This is achieved first by identifying
the ridge resistance and abutment resistance of the jaw and then by awarding each of
these either a positive or negative score. Thus, the jaw is classified as falling into
one of four possible categories. It is hoped that such a classification will increase
practitioners' awareness that the supporting structures should dictate the choice of
treatment modality.

Monteith BD. Management of loading forces on mandibular distal-extension
prostheses. Part II: Classification for matching modalities to clinical
situations. J Prosthet Dent. 52:832-835, 1984.

B. Tissue Conditioning

Lytle studied the displacement of soft tissues beneath the denture base of complete and
partial dentures. He concluded (1) dentures that cause only minimal displacement are more
ideal than those that cause excessive displacement, (2) denture bases should cover the
maximum area of denture bearing area, (3) denture bases should not extend into unhealed
sockets, (4) interceptive occlusal contacts should be eliminated prior to the time the patient
wears a new denture, (5) removable partial dentures should be designed strategically
Placing rests on remaining natural teeth, (6) soft tissues that have been displaced by ill-
fitting dentures should be returned to normal form before impressions are made for new
dentures, and (7) future denture service should include conditioning of soft tissues of the
denture foundation.

Lytle RB. Soft tissue displacement beneath removable partial and complete
dentures. J Prosthet Dent 12:34-43, 1962.

Manderson studied the behavior of biologic tissues under a load and states the value of
these results in understanding how to assess and treat these tissues prior to making an
impression. When the support for a prosthesis is derived from different sources, e.g., teeth,
mucosa, teeth and mucosa, or implant, the displacement of the supporting tissues will vary
in magnitude and character and may justify special impression techniques or stress relieving
designs.



Tissues that have been subjected to sustained or intermittent loads require treatment by
tissue conditioners and/or complete resting for several hours before recording impressions if
a distorted record of the tissues is to be avoided.

Manderson RD, et al. Biomechanics of denture-supporting tissues: Proceedings

of the Second International Prosthodontic Congress. pp. 98-101, St. Louis, C.V.
Mosby Co., 1979.

McCarthy discusses the composition of the different conditioning and soft lining denture
base materials. He reviews the application of these materials as to their intended use. He
concludes that there should be some controlled clinical research to develop guidelines that
will enable the manufacturer to develop materials designed to fulfill specific clinical
requirements regarding plastic and elastic phase properties.

McCarthy JA and Moser JB. Tissue conditioning and functional impression
materials and techniques. DCNA 28:2, 239-251, 1984.

Methods of impression making
1.  Influencing factors

Stewart and Rudd's text defines three basic philosophies that influence the method
in which impressions for removable partial dentures are made.

Stewart KL. Clinical Removable Partial Prosthodontics. Ishiyaku Euro
American Inc., St. Louis Chapter 12, 13, and 14, 1988.

a. Stress equalization registers the tissues in their anatomical position
(Mucolastics). Page first presented mucostatics to the profession in 1937. The
principle demands an impression and a denture base that are accurate negatives
of ridge tissues in their passive form. Clayton uses this method to make

impressions for the Stable Base Precision Attachment Removable Partial
Denture.

Clayton JA. A stable base precision attachment removable partial denture
(PARPD): Theories and principles. DCNA 24:1:3-29, 1980.

Lee RE. Mucostatics, DCINA 24:1:81-96, 1980.

b.  Physiological basing or (functional) is a method that records the supporting
tissues under an applied load. The theory suggests displacement of tissue under

a functional load. This theory is supported by Hindels, Preiskel, and
Blatterfein.

Hindels GW. Load distribution in extension saddle partial dentures. J Prosthet
Dent 2:92-100, 1952. -

Preskel HW. Impression techniques for attachment retained distal-extension
removable partial dentures. ] Prosthet Dent 25:620-627, 1971.

Blatterfein L, et al. A loading impression technique for semiprecision and
precision removable partial dentures. J Prosthet Dent. 43:9-14, 1980.



c¢.  Broad stress distribution or (selective pressure) describes a method that
selectively places tissues to support a functional load. It differs from the
functional theory in that no load is applied during making the impression.
This theory is supported by Applegate, Holmes, Leupold, and Krotochvil.

Applegate OC. Essentials of Removable Partial Denture Prosthesis. Saunders,
Co., 3rd Ed., Pp. 253-274, 1965.

Holmes JB. Influences of impression procedures and occlusal loading on partial
denture movement. J. Prosthet. Dent 15:474-481, 1965.

Leupold R]. A comparative study of impression procedures for distal extension
removable partial dentures. J Prosthet Dent 16:708-720, 1966.

Kratochvil FJ. Partial Removable Prosthodontics, Philadelphia, W. B.
Saunder Co., 1988.

Material Selection

Christensen and Koran discuss impression materials; their uses and their
contraindications. Impression material should be compatible with the impression
philosophy used.

Christensen GJ]. Impression materials for complete and partial denture
prosthodontics. DCNA 28:2:223-238, 1984.

Koran A. Impression materials for recording denture bearing mucosa. DCNA
24:1:27-111, 1980.

Technique - refer to part one on influencing factors. All the techniques are described in
these articles.

™~

D. Cast formation

1.

Pouring the master cast

Young studied the cast surface when the impressions were inverted and allowed to set
vice non-inverted impression. Sixty-four samples were evaluated. The inverted
samples showed a rougher cast surface.

Rudd compared the surface of casts soaked in slurry and casts soaked in tap water.
After six hours, no difference was noticed between the casts soaked in slurry and the
control. However, the casts soaked in tap water showed a difference from the control
in only 15 minutes.

Young JM. Surface characteristics of dental stone: Impression orientation. ]J.
Prosthet Dent. 33:336-341, 1975.

Rudd KD, et al. Comparison of effects of tap water and sherry water on gypsum
casts. J Prosthet Dent. 24:563-570, 1970.



2. Altered casts

Pouring the corrected ridge impression requires attention to detail if distortion and/or
misorientation will not result. Rudd describes several methods to accurately pour the
corrected cast impression.

Rudd KD, Morrow RM and Eissmann HF. Dental Laboratory Procedures -
Removable Partial Dentures. pp 30-57, St. Louis, C.V. Mosby Co., 1981.

V.  Occlusal Relationships for Removable Partial Dentures

A.

Interocclusal Records

Whitbeck describes how the methods in recording the occlusal relationship depends on the
number of remaining teeth and the opposing dentition. Several text books on removable
partial dentures also address the methods for recording jaw relations. - A major
consideration would be the position of the mandible when recording these jaw relations.
Should maximum intercuspation (centric occlusion) be recorded or the centric relation
position?

Whitbeck BS and Ivanhoe JR. Occlusal relationships. DCNA 29:1:149-162,
1985.

McGivney GP and Castleberry DJ. McCracken's Removable Partial
Prosthodontics. 8th Ed., Chapter 16. St. Louis, C.V. Mosby Co., 1989.

Renner RP and Boucher L]. Treatment of Partially Edentulous Patients.
Chicago, Quintessence Publishing Co., 1987.

Stewart KL, Rudd KD and Kuebker WA. Clinical Removable Partial
Prosthodontics. Ishiyaku EuroAmerican Inc., St. Louis-Tokyo, 1992.

Occlusal Schemes

The selection of the occlusal scheme is empirically based. A general consensus is that when
a bilateral extension based removable partial denture opposes another bilateral extension
based removable partial denture or complete denture, bilateral balanced occlusion is
indicated. In all other situations, no balance is indicated. Browning investigated the
directional loading on an extension base removable partial denture and concluded that
central loading produced the least movement to the primary abutments. Henderson stated
that if most posterior natural teeth remain and there is no evidence of tempormandibular
joint disorder, neuromuscular disturbances, or periodontal pathosis due to occlusal trauma,
the restoration may be made with centric occlusion. When most natural centric stops are
missing, the restoration should be constructed so that centric relation and centric occlusion
coincide. Whitbeck stated the occlusal relationships of teeth, both functionally and
esthetically, are of the utmost importance to the clinician in the fabrication of a successful
fixed or removable prosthodontic restoration. He suggests a list of occlusal schemes to fit a
variety of occlusal relationships treated with a removable partial denture prosthesis.

Browning J, et al. Effect of positional loading of three removable partial
denture clasp assemblies or movement of abutment teeth movement. J Prosthet
Dent 55:347-351, 1986.

10
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Henderson D. Occlusion in removable partial prosthodontics. ] Prosthet Dent
27:151, 1972.

Whitbeck BS and Ivanhoe JR. Occlusal relationships. DCNA, 29:1:149-161,
1985.

Insertion/Follow-up/Maintenance

A. Insertion

1.

Framework Fit.

Eick found that the amount of abutment tooth and clasp assembly movement was
significantly reduced after framework adjustment. When compared to no adjustment,
the magnitude of the clasp assembly movement was reduced by more than half with
the adjustment using a 10X steromicroscope. After final adjustment with 10X
magnification, the abutment tooth and clasp assembly moved together.

Brudvik discovered that the fitting and finishing of a removable partial denture
framework can result in measurable loss of metal and affects its fit and function.
Under ideal controls, electropolishing, stoning and polishing with rubber wheels can

result in a loss of 0.127 mm of metal. Uncontrolled loss can be significantly higher 0.41
mm.

Eick ]JD, et al. Abutment tooth movement related to fit of a removable partial
denture. ] Prosthet Dent 75:66-72, 1987.

Brudvik J. The tooth removable partial denture interface. ] Prosthet Dent.
68:924-927, 1992.

Base Fit.

Several investigators suggested that the better the base fit, the less movement on the
abutment teeth of a removable partial denture. Tebrock suggested that stable denture
bases and good harmony in occlusion are more important than the clasp design.
Cecconi demonstrated a decrease in abutment tooth movement when the ridge was
fitted to the extension base. Holmes use of the corrected ridge impression (altered
cast technique) to demonstrate a decrease in denture base movement.

Tebrock OC, et al. The effect of various clasping systems on the mobility of

abutment teeth for distal extension removable partial dentures. ] Prosthet
Dent. 41:511-516, 1979.

Cecconi BT, et al. Fit of the removable partial denture and its effect on the
abutment tooth movement. ] Prosthet Dent. 25:515-519, 1971.

Holmes JB. Influence of impression procedures and occlusal loading on partial
denture movement. J Prosthet Dent. 15:474, 1965.

Occlusal Stability
Several investigators identified the need for good occlusal stability. The

longitudinal study by Fisher indicated that one of the factors in poor mandibular
extension base stability was the occlusal instability of complete dentures.

11



Appelbaum stated that occlusal schemes that fail to harmonize with the residual
ridge morphology may lead to unnecessary post-insertion appointments and
ultimately to failure of the prosthesis. Colman stressed the need to keep the occlusal
work load transmitted to the alveolar bone within minimal limits so that it does not

exceed the tissue tolerance. He regards the occlusion as one of the most important
factors in this issue.

Steward in his text describes the methods of remounting removable partial dentures
to effect better occlusion prior to insertion.

Billy and Shotwell describe a quick and accurate procedure for making a combination
remount cast of stone and elastomeric material for removable partial dentures. This

method does not require the blocking out of the partial denture prior to making the
remount cast.

Fisher RC. Factors that influence the base stability of mandibular distal-
extension removable partial dentures. J Prosthet Dent. 50:167-171, 1983.

Appelbaum M. Pans of Occlusion. DCNA. 28:2:273-285, 1984.

Colman AJ. Occlusal requirements for removable partial dentures. J. Prosthet
Dent. 17:155, 1967.

Stewart KL, Rudd KD and Kuebker WA. C(linical Removable Partial
Prosthodontics. Ishiyaku EuroAmerican Inc., St. Louis-Tokyo, 1992.

Billy EJ and Shotwell J. Combination stone and resilient material for
removable partial denture remount cast described and compared with two other
remount cast procedures. ] Prosthet Dent. 71:417-9, 1994.

Nutritional Counseling

Even though the placement of a prosthesis has been shown to improve the
masticatory efficiency of an individual by giving them the ability to eat a variety of
foods, it appears that in a study by Sandstrom and Linquist that when 23 edentulous
patients were observed in dietary intake before and after treatment with an implant

prosthesis, no patient changed their dietary intake. Gunne also reported the need for
dietary counseling.

Sandstrom B and Linquist LW. The effect of different prosthetic restorations on

the dietary selection in edentulous patients. Acta Odontol Scand. 45:423-428,
1987.

Gunne H]. The effect of removable partial dentures on mastication and dietary
intake. Acta Odontol Scand. 43:269-278, 1985.

Oral hygiene instructions and caring for the prosthesis.

Wagner suggests early education to help patients prepare for their new prosthesis
and understand the responsibility for its care and maintenance. This will build
confidence within the patient a lead to a better prognosis. He also suggests that the

education program be tailored to fit each patient's dental, prosthodontic and
emotional situation.

12



B.

Wagner AG. Maintenance of the partially edentulous mouth and care of the
denture. DCNA. 17:4:755-768, 1973.

Abere reviews the current concepts of post-placement care. He discussed the various
methods of cleaning dentures, such as brushing, soaking, and ultrasonic cleaning. In
addition, he looks closely at denture cleaners themselves, their efficiency, value,
advantage and disadvantages.

Abere DJ. Post-placement care of complete and removable partial dentures.
DCNA 23:1:143-151, 1979.

Tinanoff in a six-month double blind trial of 61 adults with fixed and removable
partial dentures, comparing the clinical and microbial effects of brushing twice daily
with either 0.22% NaF or 0.4% SnF2. The results demonstrated that those using SnF2
had less gingivitis and fewer bleeding sites for both total teeth and abutment teeth.
Plaque scores between groups were only statistically different for abutment teeth.

Tinanoff N, et al. Clinical and microbiological effects of daily brushing with
either NaF or SnF? gels in subjects with fixed and removable dental prostheses.
J Clin Periodontol. 16:284-290, 1989.

A study by Kostner studied the effect of cleansers on removable partial dentures. He
indicated that Calgon Clorox changes the flexibility of base metal clasps. Tested
commercial cleaners had no effect. Another study by Blackenstose showed that
Polident and Efferdent had no effect. However, Mersene had some effect and Clorox
showed pitting of the metal in eight hours.

Kastner C, et al. Effects of chemical cleansers on the flexibility of cast clasps. ]
Prosthet Dent. 50:473, 1983.

Blackenstose WM and Wells JG. Side effects of immersion type cleansers on the
metal components of dentures. ] Prosthet Dent 37:615, 1977.

Follow-up

1.

Short-Term

Schwalen conducted a two year study on 93 patients. No oral hygiene instructions
were given during the recall visits. The results showed that 93% of the patients in
this study wore their partial dentures satisfactorily. There was an increase in recall
plaque indices. It is believed that this was the result of patient neglect and not from
the removable partial dentures. The teeth supporting the removable partial

dentures did not show any clinically significant increase in mobility or sulcular depth
after the two-year period.

Schwalen CA, et al. A clinical study of patients one to two years after
placement of removable partial dentures. ] Prosthet Dent. 38:380-391, 1977.

Kapur conducted a random clinical trial to compare the effectiveness of two partial
denture designs, one with I bar retainers and one with circumferential retainers. One
hundred thirty-four (134) patients with Kennedy Class I and II edentulous conditions.
Thirty patients were considered failure, five because of abutment factors and 25
because of the lack of RPD use for eating. Five year success rates of 71.3% for

13



circumferential design did not differ significantly from the 76.6% for the I bar design
(p>.0.5).

Tlimere were no discernible changes in the nine periodontal health components of the
abutment teeth with either of the two designs after 60 months. The results indicate
that the two designs do not differ significantly in terms of success rates, maintenance
care, and effects on abutment teeth. A well-constructed RPD of either design,
supported by favorable abutments and accompanied by a regular recall program,
offers a satisfactory treatment modality.

Kapur K, et al. A randomized clinical trial of two basic removable partial

dentures. PartI: Comparison of five-year success rates and periodontal health.
J Prosthet Dent. 72: 268-82,1994.

Other short term studies related to this subject were conducted by Bergman and
associates and also by Carlson and co-workers.

Bergman B, et al. Periodontal and prosthetic conditions in patients treated
with removable partial dentures and artificial crowns. A longitudinal two
year study. Acta Odontol Scand 29:621-638, 1971.

Carlson GE, et al. Studies in partial denture prosthesis II. An investigation of
mandibular partial dentures with double extension saddles Acta Odontol
Scand. 19:215-237, 1961.

Long-Term

Fisher conducted an eight-year longitudinal study that evaluated 2.084 patient
visits. Oral hygiene instructions were initiated during the patient’s total treatment
program. Prosthodontic treatment was not started until good gingival health existed.
This study shows that poor mandibular distal extension removable partial denture
base stability is significantly related to age of the patient, the fit of the framework,
whether the patient wore a previous removable partial denture, and the opposing
dentition. It is not necessarily related to the patient's sex, the classification of the
prosthesis (Class I or II), the type or mobility of the abutments, and the materials
used to make the impression of the edentulous ridge.

Fisher RL. Factors that influence the base stability of mandibular distal-

extension removable partial dentures: A longitudinal Study. ] Prosthet Dent.
50:167-171, 1983.

Bergman conducted a ten year study on 17 men and 13 women with a mean age of 52
years and a range of 24 to 80 years. Oral hygiene was part of their program. The
teeth were sealed and polished with a rubber cup and pumice at the recall
appointment. The patients were examined at yearly intervals at which time
remotivation and reconstruction regarding oral hygiene was given. Patient
cooperation was excellent and no significant deterioration of the periodontal status of
the remaining teeth was found. In addition, there was a low increase in the frequency
of decayed and filled tooth surfaces during the decade. The dentures showed damage
and several changes during the follow-up period, conditions that necessitated various
corrective prosthetic procedures.

14



Bergman B, et al. Caries, periodontal and prosthetic findings in patients with
removable partial dentures: A ten year longitudinal study. J Prosthet Dent.
48:506-513, 1982.

Maintenance
The need for maintenance in servicing a removable partial denture patient is mandatory as
stated in the Bergman study that various corrective prosthetic procedures were conducted

during his ten year study. The repair and reline procedures are very adequately covered in
several removable partial denture texts.

McGivney GP and Castleberry DJ. McCracken's Removable Partial
Prosthodontics, 8th Ed., St. Louis. C.V. Mosby Co. 1989.

Stewart KL, Rudd KD and Kubker WA. Clinical Removable Partial
Prosthodontics. Ishiyaku EuroAmerican Inc. St. Louis-Tokyo, 1992.

Renner RP and Baucher LJ. Treatment of Partially Edentulous Patients.
Chicago. Quintessence Publishing Co., 1987.
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Designing The Removable Partial Denture

Dr. Kenneth D. Rudd







The essential elements in successful removable partial denture
treatment are good plaque control, a healthy oral environment which
has been prepared to receive a removable partial denture, and a
design which is systematically developed from an evaluation of the
diagnostic data. The tools commonly used to gather information are
the health history, clinical examination, radiographs, mounted
diagnostic casts, dental surveyor, and consultations as needed. The
process of evaluating diagnostic information and converting the data
into a recommendation for treatment requires deductive and
reasoning skill which is based on the dentist's education, professional
experience, creativity and judgment. An accurate master cast is
essential because in prosthodontics everything is made to fit a cast
not the mouth. When the cast is not an accurate duplication of the
mouth or the restoration does not fit an accurate cast, it will not fit
the mouth.

INTRODUCTION: The Dentist who initiates removable partial denture
prosthesis is responsible for the design of the restoration. This is not
and should not be the responsibility of the dental laboratory. This
procedure is presented as a guide for the dentist who initiates these
restorations. It advocates the use of diagnostic casts as an aid and
guide in diagnosis and treatment planning as well as the actual
mouth preparation. Completely designed casts represent probably
the best prescription to the dental technician. The dental laboratory
is responsible for the technical fabrication of the restoration as
prescribed by the dentist. The laboratories responsibility ends when
they make a framework that fits the cast. They cannot be
responsible for making it fit the mouth.

ARMAMENTARIUM:

L Health history and clinical examination information.

2. Diagnostic radiographs.

3.  Diagnostic casts.

4, Dental surveyor with cast holder, styli, and carbon marker.

5. Red, blue, brown and black pencils.
Berol double color (red and blue) verithin 748
Eagle verithin (dark brown) 756
Venus drawing pencil (black lead) 4H

6. Work authorization form.



COLOR CODE:

Recommended by:

Rudd, Morrow, Rhoads, 1986, and Stewart, Rudd, and Kuebker,

1992.

Red - Portions of teeth to be ground, prepared or
re-contoured.

Blue - acrylic resin denture base outlilne

Brown - metal (framework or denture base).

Black - survey line and hard and soft tissue undercuts.

Recommended by:

Henderson and Steffel, 1981, and Johnson and Stratton, 1980

Red - solid red denotes any tooth alteration needed
Blue - outline denotes the form of the framework
Black - survey line on teeth and soft tissue contours
Red - outline denotes the extent of the plastic

WHY SURVEY?

A cast is surveyed to:

W N -

NN b

Select abutments.

Locate rests.

Locate and mark desirable and undesirable hard tissue
undercuts.

Locate and mark soft tissue undercuts.

Decide whether or not to recontour or restore teeth.
Mark survey lines.

Determine the path of insertion and removal.

PRELIMINARY PROCED :

Think about what you are going to do about the following features of
the partial denture:

S



Major Connectors

Major connectors must be rigid to distribute functional stresses
throughout the mouth. They should be located so as to take
advantage of multiple curvatures and convolutions of the surface to
promote strength in less bulky forms. Gingival borders of major
connectors laying solely on palatal mucosa should not be scalloped.
Ordinarily the gingival border of a maxillary major connector will be
placed 6 mm., and the mandibular major connector 4 mm., away
from the gingival crest. Draw the major connector by ogutlining its
form in brown.

Minor_ Connectors

Minor connectors should be located in interproximal recesses if
possible, so they can be made rigid. Strive to avoid covering
naturally prominent surfaces with additional metal. Draw the minor
connectors from the rests to the major connector by outlining them
in brown.

Reciprocation

Reciprocation may be achieved with guide plates, minor
connectors, rigid clasp arms, plating and as a part of the denture
base. If true reciprocation is to occur, the reciprocator must be
placed on the opposite side of the abutment tooth so it will contact
the abutment during the time that the retentive tip of the clasp
passes over the height of contour. Sometimes, effective reciprocation
is difficult to achieve.

Bracing

Bracing elements of a removable partial denture are used to
resist horizontal movement of the denture. They may also be used to
produce bilateral stabilization for periodontally weakened teeth and,
as such, will provide the most conservative, economical and hygienic
stabilization available. Bracing is especially effective in removable
partial dentures that are completely tooth supported. Draw the
bracing elements by outlining them in brown.

Denture Base Retention and Single Tooth Replacements

Large soft tissue defects can be restored with better esthetic
results when denture teeth and a denture base are used. Also, plastic
denture bases permit the clinician to reline the base overlying
healing ridges (which may be re-contouring rapidly). The weakness



in fractures of many maxillary anterior denture bases comes from
inadequate mass of plastic beneath, and communicating through the
metal retention network. According to Dunny and King, the plastic
tears from itself, but the metal seldom breaks. Single tooth
replacements must be supported on all sides lest functional stresses
overwhelm the retentive quality causing the facing to come loose.
Whenever tube-teeth or custom-ground facings are employed, the
shade and mold must be supplied on the work authorization form for
the framework.

Retention

Retention is an extremely complex and little understood quality
of a denture to resist dislodging forces. It is achieved by placing
retentive clasp arms in measured undercuts. When a removable
partial denture is completely seated, all retainers must be passive.
They should activate only when resisting dislodging forces.

Orientation _of the Cast

On the surveying table, the distal portion of the cast should be
next to you so as you view the cast you are looking toward the
lingual surface of the anterior teeth.

In the laboratory, all casts should be considered as being
mandibular casts. This simplifies discussing the cast, the design, the
tilt and the anatomy, i.e., when one says keep the clasp as low on the
tooth as possible, whether it is a maxillary or mandibular cast, it will
mean next to the gingival tissue of the tooth, or when we talk about a
right or left tilt, it will mean that whether it is a maxillary cast or
mandibular cast, a right lateral tilt will be to the right hand side of
the person viewing the cast from the posterior position and vise
versa for a left lateral tilt. It should be a cast orientation, not a
mouth orientation.



Before fastening cast to the surveying table:
1. Place a mark at the center of the cast.

2. Positioned above the cast, look down at the cast from a right
angle vantage point.

3.  Evaluate the inclinations of the proximal walls.

4. Evaluate the interferences, such as tori, exostoses, tipped teeth,
bulbous crowns, high frenal attachments and shallow
vestibules.

5. Evaluate natural undercuts on crowns of teeth that have the

potential to receive retentive clasps.

6. Insure that esthetic values for anterior replacements are
enhanced by tipping the cast in order to fill the edentulous
space as much as possible.

7. Mount casts on a plasterless articulator or hand articulate
them. Determine if there is enough space for rests, framework
and teeth.

8. Before using the surveyor, place a pinch of non-fibered acrylic
resin powder, on the surveyor platform (base).

Surveying the Diagnostic Cast

In most cases, a compromise among the esthetic requirements,
guideplanes, interferences, and potential retention produces a tilt
that is not ideal for any individual determinant, but is optimal for
the combination of the determinants. The process involves a
continuous series of evaluations among all the proximal walls,
undercuts, interferences and esthetic needs. The tilt of the cast may
e_adjusted many times as you check and recheck individual ec
of each undercut, etc. Ordinarily, the plane of occlusion should be
parallel to the table top to start with. This orientation aligns the
majority of the guideplanes so that subsequent adjustments to the
tilt will probably produce a path of insertion/removal which varies
less the 5° from the starting point. Remember that the path must be
reproduced in the mouth if the denture is to function as planned.
One should strive to develop a path of insertion/removal which will
require the least amount of tooth alterations.




PROCEDURE
L Carefully examine the occluded diagnostic casts.

a. Examine the facial aspect of the occluded casts and locate
the rest spaces to be prepared. Indicate these by a mark
on the base or capital portion of the diagnostic casts and
not on the cast teeth. Be assured of adequate rest spaces,
at least 1 mm clearance for each rest. Indicate in red
crayon any cuspal relief required to give additional rest
clearance.

b. Examine the lingual aspect of the occluded casts to assure
there is adequate space for proposed lingual rests,
indirect retainers, etc. Draw a pencil line on the lingual
surface of the upper anterior teeth, using the occluded
lower anteriors as a guide, to determine the gingival and
occlusal limits of any proposed rests or indirect retainers.

c. If tube teeth, reinforced acrylic resin teeth (RAP), or
metal pontics are required, indicate with a pencil using
the following symbols:

(1) T - Tube teeth

(2) RAP - Reinforced acrylic resin tooth

(3) M/ac - Metal Pontic with an acrylic resin window
(4) M - Metal pontic

Draw each symbol on the soft tissue or anatomical portion of the
diagnostic cast below the crest of the ridge on the facial surface.

2. Place cast on the surveyor cast holder at a level or horizontal
tilt. Examine teeth to be clasped with analyzing tool of the
surveyor to determine location of usable undercuts, as well as
the shape and contour of the proposed abutment teeth. If the
shape and contour of these teeth require re-contouring,
indicate the location and extent of the proposed alternation by
outlining the area with a red crayon pencil. Examine the
proposed sites for the minor connectors and struts at this time.
Determine the most favorable tilt (if required) that will permit
convenient and proper placement of clasps, minor connectors,
anterior teeth, and denture bases. This will be the path of
insertion and removal.



Tripod the diagnostic cast.

Clamp the analyzing rod or the carbon marker in the vertical
arm of the surveyor and use the tip to place three widely
separated marks on the lingual aspect of the cast. These marks
will locate the horizontal plane of the cast as it sits on the tilt-
top table. Make certain the vertical arm of the surveyor is
locked in position and that only the tip of the marker is used to
mark the cast. Circle the tripod marks in red crayon pencil
(optional, after the cast is tripoded, it may be removed from
the cast holder to draw this portion of the design on the cast).

Mark all contour changes which were noted during the
development of the path of insertion/removal by circling them
with red color. These will denote preparations for guideplanes,
reduction of interferences, improvement of the occlusal forms,
and other alterations that will enhance the position and/or
quality of retention.

With ‘a red crayon pencil, draw the exact extent of the rest
seats to be prepared in the mouth. The entire rest seat portion
of the cast should be solid red.

Outline all of the denture base sites with a crayon pencil. Blue
crayon pencil indicates acrylic resin denture bases. Brown
crayon pencil indicates metal denture bases. Do not draw the
clasps at this time.

If the cast was removed from the cast holder in step 4,
remount the cast on the cast holder and realign the tripod
marks to reposition the cast in the same relation it was in
before it was removed. Proceed to draw the survey line on the
abutment teeth as well as other teeth that w111 be involved in
the design of the partial denture.

A. Replace the carbon marker in the surveyor with the .010,
.020, or .030 undercut gauge as the undercut condition,
length, and size of the clasp arm indicate. (As a general
rule, using chrome cobalt alloy castings, the .010 inch
gauge will suffice for short clasp arms, the .020 inch
gauge will suffice long clasp arms, and the .030 inch
gauge will rarely be used for extremely long flexible
clasp arms fabricated of wrought wire. Gold alloy
castings will accommodate slightly more undercut that
the chrome cobalt alloy castings.) Place the gauge on the



desired retentive undercut of the tooth so that the head
and shank of the undercut gauge touch the tooth
simultaneously. Mark this spot with a red crayon pencil.
Verify the accuracy of this mark with the head of the
undercut gauge. This red mark will position the gingival
edge of the clasp tip that will engage the undercut.

B. With the brown crayon pencil, draw the clasp arms with
a double line so that the occlusal and gingival portions of
the clasp arms will be indicated to the laboratory. (As a
general rule, keep the clasp arms gingivally as far as
possible on the clinical crown in harmony with the
position and location of the survey line, and the depth of
the undercut to be engaged by the clasp tip.)

C With a black pencil, indicate the position and extent of
undesirable soft tissue undercuts that may interfere with
the insertion of the removable partial denture so that
they will be blocked out by the technician.

9. Your design should now be completed.

ALTERNATE PROCEDURE

After preparations, re-contouring, etc., have been accomplished
in the mouth, the master impression is made and poured with
artificial stone, use the master cast as a reference, grind or
scrape the diagnostic cast to approximate the alterations that
appear on the master cast if the teeth were recontoured. After
this is accomplished, make the necessary correction of the
design on the diagnostic cast to conform to the preparations
that have been made in the mouth. No markings, oil or grease,
powder or design should be made on the master cast.
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General Principles for Removable Partial Denture Design
Kenneth D. Rudd, D.D.S.

(These are some but by no means all of the principles and they are not
listed in the order of their importance)

1. Minimize the lateral movement of teeth.

2. Use an altered cast procedure, especially when tooth support is weak or
soft tissues are compromised.

3. When using a clasp on a tooth next to the edentulous ridge on a distal
extension removable partial denture, the clasp should be designed so it will not
torque the tooth distally when masticating force is applied.

4. The reciprocal portion (arm) of a clasp on a tooth should be designed to
support (immobilize) the tooth while the retentive arm is springing over the
survey line (greatest diameter) and into or out of the retentive undercut.

5. All major connectors must be stff enough to transfer an equal portion of
the masticatory forces applied to one side of the arch to the opposite side.

6. When lingual plating is used, the entire superior edge (the edge towards
the occlusal surface of the teeth) must scalloped and must be occlusal to the
survey line and each interproximal point must extend to the contact point on
the teeth.

7. The approach arm of a bar type clasp must be kept close to the soft tissue.

8. When guiding planes are used, the laboratory must be instructed to use a
zero degree blockout.

9. To stabilize a tooth, it must be supported on the mesial, distal, facial,
lingual, and occlusal surfaces with clasps, minor connectors, rests, part of the
denture base or reciprocation.

10. Rests must not be placed on an inclined plane.

11. Donot increase the vertical dimension of occlusion with a conventional
removable partial denture.

12. A single tooth or small space replacement on a removable partial denture
should be made with a tube tooth, reinforced acrylic resin pontic (RAP), solid
metal, or metal with an acrylic resin window.

13. Denture base retention should be designed to support the acrylic resin not
just hold it in place.

14. Finish lines should be undercut (V shaped) unless a special bonding
process is used.

15. Denture teeth on a removable partial denture should be made of plastic
when they are opposed by natural teeth, silver amalgam, gold. composite or
other plastic denture teeth.

16. All partial denture frameworks must be fitted to the patients mouth.



FUNDAMENTALS OF DESIGN

Factors of Design. Ideally every partial denture would have optiumum
appearance and the precise amount of retention needed to retain it. These
attributes would be coupled with the required support and distribution of
stresses to reduce to a minimum the strains on the abutment teeth. Such a
partial would function indefinitely. The ideal patient would, of course,
have excellent oral health, strong well-shaped abutments, and assume
meticulous and continuing care of the partial and the mouth. Such ideal
conditions are seldom, if ever, encountered. The usual partial denture
patient will present a set of conditions which are far less than ideal.
Each patient will offer his own peculiar problems. Success in this
critically important phase of prosthodontics will depend to a large degree
on a mutual understanding between the dentist and the laboratory technician
concerning areas of responsibility each must assume. The knowledge and
skill of each member of the doctor-technician team must be combined with
a common goal if the patient is to receive the best that modern prosthetic
dentistry has to offer.

Planning the Design

~Clinical Phase. There are two phases in the planning of the design
for a cast partial denture. The first is the clinical phase. During this
stage, the mouth is carefully examined and evaluated with the aid of diag-
nostic casts, radiographs and other diagnostic aids. Several decisions
are called for at this time. For example, the question of whether a partial
will be tooth borne, or borne by a combination of tooth and soft tissue,
may hinge on whether or not a third molar is retained or extracted.
Under.certain conditions the tooth may be retained for the express purpose
of providing needed support for a rest. A decision is sometimes necessary
as- to whether a prominent ridge of alvedlar bone will be removed in the
anterior region to make possible the insertion of a labial flange on the
denture. On this decision may hinge the choice of anterior tooth to be
used. A decision may be necessary as whether to remove surgically a torus,
a tuberosity, or pendulous soft tissue. Occasionally .a badly rotated or
tipped tooth might be removed for esthetic or mechanical reasons.

Factors to be considered by the dentist during the clinical phase:

1. What type of prostheéis‘will the patient best tolerate? Age,
sex, health and emotional makeup of the patient are important
considerations. '

2. What is the general condition of the mouth--the extent of .
dental decay? Will the patient maintain the mouth and the
prosthesis with good oral hyg1ene?

3.‘ What is the probable life of the abutment teeth? 1Is the bone
support good?

4. How much support will the soft tissues provide? Is the tissue
firm, soft or flabby? Would surgery improve it?



What esthetic problems might be encountered? 1Is the appearance
apt to influence the patient's desire to wear the partial? Can
the esthetic consideration be compromised for mechanical excell-
ance?

What is the nature of the occlusion? Is the bite strong, medium
or Tight? Do the remaining natural teeth require balancing?

Is the distribution of the remaining teeth favorable? Will any
of the teeth interfere with good design? Do badly tipped or
rotated teeth require disking to improve parallelism?

Is the intermaxillary space adequate? Could it be improved by
surgery? Is there room in the anterior region for the tooth of
choice? _

Are the abutment teeth well shaped for clasping? Would disking of
restorations improve the contour? Is the enamel thick enough for
good rest seats, or should inlays or crowns be constructed and

the rest seats prepared in the metal?

.These decisions are the respons1b1]1ty of the dentist and must be
resolved before the final impressions are made.

Laboratory Phase.. When the final impressions have been made and the

master casts are compliete, the second phase of planning begins. Some of
the factors which now bear on the final design of the partial denture are:

1.

The number and disbribution. of the remaining teeth-- are the
abutments favorable for clasping?

The form of the ridges--are undercuts, tori or bu]bous tuberosities
present? What type of base is 1nd1cated7

The relationship of.the maxillary and mandibular arch--will the
occlusion be difficult to restore? What type of tooth will best
suit the needs of the{patient?

The type of opposing occlusion--will the partial function against
natural teeth, another partial, or a complete denture?

The long axis inclination of the abutment teeth relative to each
other--can the.retention be equally distributed?

The amount of intermaxillary space--will there be adequate
clearance for the connectors of choice? For the replacement of
teeth?

The phonetics--can the connector and base be designed so that
there is a minimum of interference with the speech mechanism?
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8. The leverage factor--how long are the edentulous areas on either
side of the fulcrum Tine? Can indirect retention be used to
advantage? .

9. The type of material--are the materials of choice available, and
within a satisfactory financial range?

The Objective. The prime objective in cast partial denture design
should be preserving the health of the remaining oral tissues.
Firm retention should never be thought of as a final goal. The end to
be sought is efficient masticatory function, equal distribution of
stresses, and comfort and appearance as the patient preceives it.

Forces Acting on the Partial Denture. It is helpful in a study of
partial denture design to approach the subject from this standpoint: What
are the different forces which will act on the partial denture and how
can they best be counteracted to reach the above objective?

When these forces have been analyzed,and are understood,they can be
controlled by intelligent design.

A11 forces directed on a partial denture act on and around (1) the
fulcrum line, and (2) the rotational 1ine. Forces acting on the fulcrum
1ine are either (1) towards the ridge, or (2) away from the ridge. Forces
acting on the rotational line are either (1) twisting, or (2) tilting.

ROTATIONAL LINE - FULCRUM LINE: e Forces acting on the fulerum line

[ . B U S o . :’L_Fom activated by y : Resultant foree R Counteracted by
: : g S Y NN
L : i R o . {(1) Retentive clasps

ROTATIONAL LINE o Sticky foods....o...._. emmmemmamneas - (2) Indirect retainers
= . . s "\| Tongue and muscle pull.. ... ......... Vertical lift_..__.... (3) Adequate hase coveny
o E ] Gravity (upper only) . . cvecoccecceanen (4) Correet placementof

TWISTING ; < s artificial teeth.
FORCES {'ru.‘rmc ' Lomle - Lo (5) Gravity (lower onls)
L i Occlusal load . - eoeeoee i aanas ‘Toward the ridge..-.| (1) Occlusal and Inciss!®
i B : : : : . | (2) Adequate basc coven
(3) Choice of connector.

N
——

. FULCRUM LINE | ' E _ Forees aeting on the rotational line
FORCES  TOWARDS THE RIDGE - Masticatory stress (inter cusping teeth).|[Twisting. .......... (1) Balanced occlusios.
: )AWAY FROM THERIDGE . 7 - Tilting....onoomn oo (2) Adequate base cove

(3) Adequate Bracing.
a. Rigid conpect®
b. Connector choit
and design.
o . H ) c. Clasp design.
< { , a ’ . Lifting forces on opposite side of mouth. {Twisﬁng ........... (1) Base coverage.
. Tilting. . ccceeeoooo. (2) Rigid connectors.

. (3) Proper tooth plsce®
R ' . (4) Clasp design.
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FUNDAMENTALS OF CLASP DESIGN

A1l cast clasps can be divided into two groups based on the
direction from which the retentive arm approaches the survey line.

Suprabulge Clasps. The clasps whose retentive arm approaches the
undercut from the occlusal are known as "pull" type or suprabulge clasps.
They are also known by a variety of other general names such as circlet,
circumferential or Akers. In addition, each clasp has a specific name.

Infrabulge Clasps. Clasps whose retentive arm approaches the survey
line from the gingival are known as "push" type or infrabulge clasps.
As a group these are also known as bar, vertical projection or Roach
clasps. Each have specific names depending on which Tetter of the
alphabet they resemble.

Suprabulge Clasp . - Infrébd]gé Ciasp

SUPRABULGE CLASPS

Advantages of the Suprabulge Clasp. (1) Excellent bracing qualities;
(2) Usually easier to design and construct; (3) Require less metal to
construct, and usually less metal islost in finishing; (4) More easily
repaired if broken. Easier to straighten if bent; (5) Less possibility
of food collection under the clasp; (6) The clasp body and shoulders
help the occlusal rest to provide support; (7) Can be used conveniently
with either a metal or an acrylic resin base.

Disadvantages of the Suprabulge Clasp. (1) More conducive to caries
because of greater tooth coverage; (2) It may be less esthetic in some
cases; (3) The "pull" type retention is less effective than the "push"
type of bar clasp; (4) Possibilities of variation in design are limited;
(5) It increases the circumference of the abutment tooth which.in
effect.adds to the load to be borne by the tooth.




Types of Suprabulge Clasps
Simpie Circlet (Akers Clasp cast)

Indications: (1) The most versatile of all
clasps and the most universally used; (2)

When there is a choice between this clasp and
another of equal capability the circlet

should be the clasp of choice; (3) Should not
be used in a mesial undercut on a distal
extension partial.

: ; Structural Details: Correct taper is essen-

Simple Circlet tial. It should taper uniformly from body
to tip. The rest must be heavy enough to
withstand normal masticatory stress. Common
error is to wax the rest thin over the
marginal ridge. There should be very little
flexibility in the shoulder of the clasp. The
shoulder must always be designed on or above
the survey line.

Reverse Approach Circlet

Indications: (1) Used on bicuspids and

cuspids when the usable undercut is on the

distal surface and there is adequate space

- on the mesial for the body and connector;

13 - (2) Used in cases where a bar type clasp is
L undesirable or contraindicated, and esthetics

is not a prime requirement.

A h Circlet StPUCtufal-Bétai]s; Correct taper is essen-
Reverse Approach Circle tial. The arms should taper uniformly from
the body to tip. The rest must be heavy.
enough to withstand normal masticatory stress.

There should be very 1ittle flexibility
in the shoulders. Never design this part of
the clasp below the survey line. This clasp
can be designed with a distal rest NOT
connected directly to the clasp.

Multiple Circlet

Indications: (1) When it is desirable to
reinforce a weak abutment by distributing

part of the stress to an adjoining tooth or
teeth. It is most frequently used on bicuspids;
(2) When the retention provided by the most
distal abutment is not considered adequate and
the tooth next to the abutment offers a means
for increasing it.

Multiple Circlet



Embrasure

Structural Details: Adequate rest seats are
essential. The lingual clasp arms are usually
united and not tapered. Both minor connectors
must connect to a strong rigid major con-
nector.

Embrasure

Indications: (1) When a clasp must be used in a
quadrant of the mouth where there is no
edentulous space; (2) When a space to small

for a tooth is present between two natural
teeth, an embrasure clasp can be used to

retain the partial and also fill the space

to restore the occlusion.

Structural Details: Taper the same as for
a simple circlet clasp. Must be thick
enough through the embrasure to withstand
occlusal stress.

Must adequately clear the opposing
occlusion. Avoid over thickening the
clasp at the junction of the body and the
minor connector. Retain normal clasp contour.

Ring

Indications: (1) On mandibular molars which
are. tipped mesially and. lingually with

the usable undercut on the mesio-lingual
surface of the tooth; - (2) On maxillary molars
which are tipped mesially and buccally with
the usable undercut on the mesio-buccal
surface; (3) It is contraindicated-if there-.
is a distal buccal undercut on a maxillary
molar, unless it is very low or very slight;
(4) This is a very difficult clasp to adjust
if it becomes distorted.

Structural Details: Tapers from the distél
rest to the clasp tip. The extra bracing arm
is usually thick throughout with no taper. -

The only undercut engaged by the c]asp
is at the tip.

The bracing arm of the clasp is not
tapered and should be thick throughout.



Onlay

Indications: (1) To extend from an onlay,
or extended occlusal rest to engage an
undercut; (2) The retentive arm may be
designed to extend from any point along
the buccal or lingual margin of the onlay
where the occlusion permits, and it may
engage a retentive area in either a mesial
or distal direction.

Structural Details: Taper should be the
same as for a simple circlet clasp.

The clasp arm should form an abrupt angle
where it joins the onlay.

Circlet “C" (Fish Hook)

Indications: (1) Where a springy retentive
clasp arm is needed and the undercut is under
the occlusal rest; (2) Where a tissue
undercut precludes the use of a bar type
clasp; (3) The crown of the tooth must
be longer than average to.provide room for
% the clasp Toop; (4) The retentive arm may
L extend from an onlay or from a conventional

. e occlusal rest; (5) The retentive arm must

Circlet "C clear the opposing occlusion.

Structural Details: The retentive arm must
‘taper uniformly throughout its length.

INFRABULGE CLASPS

Advantages of the Infrabulge Clasp. (1) Less eonducive -to caries,
since there is less tooth contact; (2) More flexible because of its
longer length, hence thére is less strain on the abutment: tooth; (The
shorter type "I", "C", and double "I" are exceptions.) (3) Often more
esthetic because of its approach; (4) Has a wider range of adaptability
than the circlet type clasp; (5) The "push" type retention is said to
be more effective than .the "pull" type which is characteristic of the
‘circlet clasp. For this reason a partial constructed with bar clasps
may be easier to insert and more difficult to remove.

Disadvantages of the Infrabulge Clasp. (1) It provides less bracing
than the cast circlet clasp; (2) There is danger of tissue impingement
under a bar clasp as a result of faulty technique or settling of the

‘restoration; (3) There is a possibility of food lodging under the approach
arm as it crosses a blocked out area; (4) It usually requires more metal
to construct and more metal is lost in finishing; (5) The bar clasp is
more difficult to repair or replace if broken.
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Clasp Construction. The following rules apply in the construction
of all bar type clasps:

The approach arm of a bar clasp must never impinge on soft tissue.
The area which the approach arm covers need not be relieved on the master
cast, but the tissue side of the metal should be rounded, smooth and
highly polished.

The minor connector which attaches the occlusal rest to the frame
should be strong and rigid to contribute some bracing to the partial.

The approach arm must always be tapered uniformly from its attach-
ment at the frame to the clasp tip.

The occlusal rest must be strong to provide positive support.
Failure to provide positive support may allow the approach arm to settle
and impinge on the soft tissue.

The approach arm must never be designed to bridge over a soft
tissue undercut because of the food trap which will result.

Types of Infrabulge Clasps
llTll

. Indications: (1) The most commonly used
bar type clasp because of its versatility;
(2) Used most often in. combination with
a circlet type bracing arm; (3) Like most
bar type clasps, it provides little bracing;
(4) Used most often where the undercut is
under the occlusal rest of the abutment
tooth; (5)".It is often used to stabilize
a free end denture base when the retentive
area is on the disto-buccal surface of a
terminal abutment.

Structural Details: The approach arm should
be tapered gradually and uniformly from
the major connector.

The cross bar of the "T" must be
tapered. The junction of the cross bar and
the upright of the "T" should form a definite
angle.

The portion of the cross bar away from
the rest must cross the survey line onto
the suprabulge area so the tooth will be
released when pressure is applied to the
free end denture base.



Mofified "T"
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Modified "T"

Indications: (1) Has the same indications

as the "T" clasp and is somewhat better
esthetically; (2) It is most often used on
maxillary first and second bicuspids to
provide maximum esthetics; (3) Like many

of the bar type clasps, it is contra-
indicated on teeth with high survey Tines
because a space is created under the approach
arm.

Structural Details: The approach arm
should taper gradually and uniformly from
the major connector. The junction of the
cross bar and the upright of the "T" should
form a right angle and this junction must
be across the survey line onto the supra-
bulge area of the tooth.

"I-bar" (Kratochvil and Krol)

Indications: (1) Clasp approaches the undercut

from a gingival direction and does not cross
the survey line once the removable partial
denture is in position; (2) Favorable stress
distribution to the abutment during functional
movement of the denture base; (3) Minimal
coverage of tooth and gingiva; (4) Less

_interruption of natural tooth contours; (5)

Somewhat more difficult to adjust and may
not have as effective bracing action
as other infrabulge clasps.

This clasp should be used as a complete
system, not as an individual clasp with
another technique.

Structural Details: In this system the

rest is on the mesial and not on the distal.
The approach arm tapers from its source at
the denture base retention to the tip. The
distal strut is not in an undercut and ,
contacts the tooth only at the guiding plane
in the area of the survey line.
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Indications: (1) Has Jimited use: (2)
Because of its short length it must be
designed with. judgement, and care must be
taken to provide encirclement of the tooth;
(3) For mouths with rampant caries, since

it will cover a minimum of enamel; (4) When
a stiff clasp is needed and there is only

a slight undercut next to the gingivae;

(5) In situations where esthetics is a prime
consideration.

_— Structural Details: Should be designed
I short, stubby and stiff. The approach
arm should come directly off a major
or a minor connector in the shortest
possible distance.

Must be uniformly tapered from connector
to tip.

MAJOR CONNECTORS

The function of a major connector is:

1. To join the parts of one side of the partial with those of the
other side.

2. To distribute stresses to different parts of the partial and
to the underlying tissue. (Stabilization or bracing)

3. To function. as an indirect retainer in some cases.

MAXILLARY MAJOR CONNECTORS

Special Structural Réquifemépt:Beadina7f;a%

(1) A maxillary major connector should have a specially prepared

seal along the border of the connector. This prepared seal forms a
beading at the border which will slightly displace the soft tissues;
(2) The beading should be scribed to a depth and width of approximately
0.5 to 1 mm. at all border areas. The beading should fade out
approximately 6 mm. from the free gingival margin to avoid dis-
placement of this:-tissue and in-areas of thin tissue
coverage such as tori or the median suture line.
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Palatal Bar

Palatal Strap
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Palatal Bar

Indications: In unilateral situations where
only one or two teeth are missing.

Objectionable Qualities: (1) Usually too
flexible; (2) Too bulky if an attempt

is made to make it sufficiently rigid; (3)
Provides poor support.

- Contraindications: (1) Any distal extension

partial denture; (2) When anterior teeth are
also missing; (3) When patient comfort and
rigidity of the connector are important.

Structural Details: (1) Place in the vicinity
of the first molar; (2) Bar is narrow and
thick with its central portion thicker than
the edges, (Half oval); (3) Bar is gently
curved with no point in the midline; (4) Bar
should not form sharp angle at the junction
with the denture base.

Palatal Strap

It is a most versatile maxillary
connector and because .of the large amount of
palatal support that can be utilized with
this design, it is considered a very ex-
cellent connector.

Indications: (1) Can be made fairly narrow
for a tooth .supported denture where the
edentulous spaces are small; (2) Can be
made wide when edentulous spaces are

longer and when more support from the
palate is desirable.

Advantages: (1) Provides excellent support
and rigidity; (2) Provides good patient
comfort because the connector can be

made very thin; (3) Distributes occlusal
stresses over a wide area; (4) Enhances
retention of the denture through the forces
of adhesion and cohesion; .(5) Contributes
toward indirect retention, since firm palatal
tissues may be intimately contacted on
several different planes.

Disadvantages: Patient may complain of exten-

sive palatal coverage, however, this is .
usually less objectionable than a narrow
but thicker connector.

Structural Details: (1) Must be made wide
(minimum of 8 mm.) and thin; (2) Must be rigid.
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Double Palatal Bar (Anteroposterior Palatal Bar)
and '
Modified Double Palatal Bar

Indications: (1) Used in designs where support
is not a major consideration and the anterior
and posterior abutments are widely separated;
(2) Occasionally indicated when the patient
strongly objects to a large amount of

palatal coverage; (3) Where the maxillae
present a large torus palatinus; (4) Where
some anterior teeth are weak or missing.

Contraindications: (1) In most maxillary
designs because of the narrow bars; (2)
When a high narrow vault is present as the
anterior bar will interfere with proper
phonetics.

Advantages: Structurally it is a very rigid
major connector.

Disadvantages: (1) Provides very little
support from the palate; (2) Uncomfortable for
the patient, because the bars are narrow and
must be bulky for rigidity; (3) Tongue tends
to investigate and play with the long border
areas of the two bars.

Structural Details: (1) Borders of the
anterior bar are placed in the depressions
or-valleys between the rugae, never on

the rugae crests; (2) Anterior bar is made
flat and the posterior bar should have a
half oval contour. Bars are joined

together by Tongitudinal elements of the
connector on each side. This gives the
effect of a circle and is considerably

more rigid than either bar would be
individually. The two bars 1lie in different
planes, creating a structurally strong

"L" beam effect; (3) Both bars should cross
the midline at a right angle rather than on
a diagonal; (4) Other structural details
are the same as for the single palatal bar.

1z,



Horseshoe

‘Closed Horseshoe
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Horseshoe

Indications: (1) Where several anterior teeth
are to be replaced: (2) Where periodontally
weakened teeth require stabilization; (3)

Where a hard medial suture 1line or an inoperable
torus is present.

Contraindications: (1) Distal extension
removable pratial dentures; (2) When the
presence of long edentulous spaces or
weakened teeth require good cross-arch
stabilization.

Disadvantages: (1) Poor connector because it
is flexible and movement can occur at the open
ends. Provides poor cross-arch stabilization
in the posterior areas; (2) Metal must be
thick in the rugae area in order to achieve
any degree of rigidity. Interferes with
phonetics and patient discomfort can result.

Structural Details: (1) Borders must be placed
6 mm. from the free gingival margin or

.onto the Tingual surfaces of the teeth; (2)

Connector should have uniform thickness;
(3) Borders should be placed in valleys
between the rugae; (4) Palatal borders are
placed at the junction of the horizontal
and vertical surfaces of the palate.
Rigidity can be increased by extending onto
the horizontal palatal surfaces; (5)
Connector should be symmetrical with its
palatal borders the same height on both
sides. '

Closed Horseshoe

Indications: (1) May be used in most maxillary

. partial denture designs and is particularly

indicated when a torus palatinus is present.

Advantages: (1) Very rigid connector and
provides good support from the palate;

(2) Corrugations formed by the rugae allow
the connector to be made thinner as the
corrugated contour adds strength; (3) =
Shape provides a definite "L" beam effect;
i.e. metal lies in two different planes,
also increasing rigidity.

/3.
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Full Palate
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Disadvantages: (1) May interfere with phonetics
and patient comfort; (2) Has extensive
length of borders for the tongue to investigate.

Structural Details: (1) Metal should be of
uniform thickness; (2) Borders should end

at least 6 mm. from the free gingival margin
or extend onto the teeth; (3) Place anterior
component as far posteriorly in the rugae
area as possible to minimize the interference
with phonetics; (4) Place palatal border at
the junction of the vertical and horizontal
surfaces of the palate.

Full Palate

Indications: (1) Long span bilateral distal
extension removable partial dentures: (2)
Bilateral distal extension partial dentures
when anterior replacements are also needed;
(3) When very heavy occlusion is anticipated;
(4) Where flat or flabby ridges or a shallow
vault is present; (5) Whenever maximum support
from the palate is desired; (6) In cleft
palate patients; (7) When acrylic resin is
used as a major connector; (8) When the
partial denture is considered a transitional
prosthesis with complete denture. treatment
anticipated in the near future; (9) When

only anterior teeth are present or when the
remaining teeth have extensive loss of
periodontal support.

C
Advantages: (1) Can be made into a unifirmly
thin metal .plate that faithfully reproduces
anatomic contours of the palate. Surface
irregularities that are present feel natural
to the patient; (2) Very rigid major .
connector; (3) Retention is enhanced because
of the large area of initmate contact
between the connector and the tissue. (4)
Utilizes the maximum amount of support from
the palatal tissues.

/Y.
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Structural Details: (1) Posterior border
should be short of the vibrating line; (2)
Anterior border must be 7 mm. away from
marginal gingivae or cover the cingula of the
anterior teeth; (3) Beading should be
employed along the posterior border (A full
postdam(posterior palatal) seal such as

used for a complete denture should not be
used. )

MANDIBULAR MAJOR CONNECTORS

Special Structural Requirements:

Beading: Never bead mandibular major connectors

Relief: Adequate relief must be developed under all types of

lingual bars: (1) Where Tingual soft tissues do not slope toward the
floor of the mouth, minimum relief (28 gauge) is necessary; (2) Where
lingual tissues do _slope toward the floor of the mouth, more than
normal relief is required; (3) Less relief is required for an all
tooth borne partial denture than for distal extension dentures;

(4) Lingual tori should be generously relieved when surgery is
contraindicated; (5) Where the 1ingual soft tissue is undercut, the
undercut area should be blocked out, however, additional relief of
the undercut area is not necessary.

Lingual Bar

Indications: (1) Used whenever possible
unless one of-the other types of connectors
would have definite advantages; (2) For most
Kennedy Class III situations. '

Advantages: (1) Covers a minimum of the
‘tissues; _(2) Does not contact teeth or tissues;
(3) Does mot collect food against teeth.

DisadVantgges: May be flexible if poorly
constructed.

Structural Details: (1) Must be rigid;

(2) Should be half pear in cross sectional
shape with the thick portion in an inferior
position; (3) Should be at least 5 mm. in
superior-inferior width; (4) Superior border
should be at least 3 mm. below and parallel to
an imaginary line passing through the Towest
level of the gingival margins of the teeth;
(5) Lower border should be as low as the
tissues of the floor of the mouth will permit
when they are in function.




Double Lingual Bar
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Double Lingual Bar (Kennedy Bar)

Indications: Primarily indicated in those
mouths in which indirect retention must be
supplemented by the major connector, and

in which periodontal disease and its treatment
have created large interproximal embrasures
between the Tower anterior teeth.

Contraindications: Where the lower anterior
teeth show marked crowding.

Advantages: (1) It effectively extends the
indirect retention farther anteriorly provided
it has adequate occlusal, incisal or lingual
rests at each end of the bar; (2) It makes.

a contribution to the horizontal stability of the
prosthesis as it distributes the stress to

all of the teeth which it contacts, thereby
reducing the stress borne by any individual
tooth; (3) It makes a minor contribution to
the support of the partial denture; (4)

It permits a free flow of saliva through the
interproximal embrasures and since the gingival
tissues are not covered by the connector, it
allows natural stimulation of the marginal
gingiva.

Disadvantages: (1) Frequently more objection-
able to the patients' tongue than is a

contoured 1ingual plate; (2) Although more rigid
than a lingual bar, it is not as rigid a
connector as a lingual plate; (3) The open

space between the two bars may collect food and
produce irritation; (4) Numerous. undercuts
created by the overlapping anterior teeth

make it difficult to fit the bar closely

to the lingual surface of each tooth.

Structural Details: (1) Lower border of the
upper bar should rest on the top edge of the
cingula; (2) Bars should be attached to each
other by means of rigid minor connectors

at each end of the continuous bar. The

minor connectors should be positioned

opposite the gingival embrasures so as to

be less noticable to the tongue; (3) Positive
rests must be placed at each end of the
continuous bar for support. (No farther distal
than the mesial of the first premolar.)
Ommission of these rests could result in settling
of the connector and/or orthodontic movement
of the anterior teeth; (4) The lower bar should
have the same design as a single lingual bar.
(Pear-shaped in cross section); (5) If a
diastema is present between the anterior

teeth, a "step back" design of the upper bar
may be necessary so as to avoid producing an
unesthetic result.

/6.
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Lingual Plate

Indications: (1) Where most posterior teeth
have been lost and the major connector must be
used for indirect retention; (2) Where all
remaining teeth have weakened periodontal
support. (3) When a high 1ingual frenum, and/or,
a high floor of the mouth, are present; (4)
Where Tingual tori are present and are
inoperable; (5) Where future replacement

of anterior teeth is expected; (6) When a
patient objects to a lingual bar; (7) To

help stabilize weakened anterior teeth;

(8) If the patient is prone to heavy calculus
formation; (9) To help prevent further eruption
of extruded anterior teeth.

Advantages: (1) More rigid than a lingual
bar or double lingual bar; (2) When properly
contoured, it will not cause interference
with the tongue; (3) Aids in stablizing
periodontally weakened teeth if it is
properly designed and constructed.

Disadvantages: (1) Extensive coverage of
tooth structure may contribute to caries
activity if oral hygiene is inadequate;
(2) May contribute to gingival irritation
and periodontal disease if not properly
relieved and the patient does not practice
good oral hygiene.

Structural Requirements: (1) Must be rigid;
(2) A pear shaped lingual bar is used on the
Tower border and positioned as low as poss1b1e
without interfereing with the functional
activity of the floor of the mouth; (3)
Plating onto the lingual surfaces of the teeth
is merely a thin plate extending from an .
already rigid lingual bar: (4) Adequate blockout
and relief is necessary; (5) A1l lingual soft
tissue and tooth undercuts should be surveyed
and blocked out: (6) Free gingival margin

and sulcus areas must be relieved; (7)

Upper border of the lingual plating must
intimately contact. the lingual surfaces of
the teeth above the survey line to avoid food
entrapment; (8) Should have scalloped
appearance, covering the cingula with projections
extending incisally to the contact points.
Areas between the sharply pointed projections
should be knife edged and placed no higher
than the middle third of the teeth; (9)
Plating should be made as thin as possible.




Labial Bar
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Labial Bar

Indications: (1) Where the lower anterior teeth
and premolars are so severely inclined

Tingually so as to prevent the use of a
conventional lingual major connector. Every
attempt should be made to recontour the teeth
or orthodontically move them to avoid using

a labial bar; (2) A swinglock type removable
partial denture employs a labial bar in
conjunction with a 1ingual major connector.

Disadvantages: (1) Esthetics are poor unless

the Tower Tip is relatively immobile. Even then,
the bulk of the connector can contribute to

a poor esthetic result; (2) Patient discomfort
due to the bulk of metal between the

gingiva and the 1ip; (3) The depth of labial
vestibule is not usually great enough to aliow

a connector of sufficient rigidity without
approaching the free gingival margin too

closely. :

Kenneth D. Rudd, D.D.S.

The University of Texas Health Science
Center at San Antonio, Dental School
Offices of the Dean
7703 Floyd Curl Drive
San Antonio, Texas 78284

/8.



- . - . R
CONDITIONS WHICH AFFECT THE CHOICE OF CONNECTORS
STRESS OPPOSING TYPE OF CASE
TYPE OF BITE
BEARING TISSUE OCCLUSION TYPE OF RIDGE BRACING NEEDED PECULIARITIES
ARTE  IwaTuraL} wewrl MORE | paraTaL | tinGuaL
UPPER FIRM | MED. | SOFT | WEAK [MEDIUM | HEAVY :IECEI:: TEETH | FORMED FLAT AVERAGE AJ;;:GE ToRUS TOR!
usually
FULL PALATE e (] X e e X () X 1%} X e X [net
indicated
HORSE-SHOE 8 X ] X 8 X X X X
ICLOSED TYPE
HORSE-SHOE e @€ {X {@}.8 | X @ X 8 X 8 X X
DOUBLE
PALATAL BAR @ | x € X X X X X
ISINGLE
PALATAL BAR X X X X X
LOWER
| INGUAL BAR “] X e X X X X
DOUBLE
LINGUAL BAR @ | 0 | x °] e | X e X 8 X 8
LINGUAL PLATE e | 8| X e | e | X e X e e X
NOTE:
IN USING THE CHART THE DESIGNER SHOULD ASK HIMSELF THE QUESTION: *'IF THE CASE TO BE DESIGNED
HAS THESE CHARACTERISTICS, WHICH CONNECTOR IS INDICATED?"® THE X, INDICATES THE TYPE OF CON-
NECTOR WHICH WILL MOST IDEALLY DO THE JOB REQUIRED. THE ClRCl_._ED X'S (®) ARE SECONDARY
CHOICES AND ARE ENTIRELY SATISFACTORY.
. Factors x;h;c): ;ﬁ;d thc :.}t.ox'c';cf major connectors
» . Si Doubl
Full palste Horseshoe c;onme p-‘l.):t:lb It:or au?é'fz'eu.z Lingual bar lingusl :u Lingusl plate
Soft First choicC |eeeecceeneen- 7321V AR SR PRI NN Choice Choice
. choice PR
Stress-biaring tissue....o.. .. Med. Acceptable | Usually Acceptable | Acceptable | Sometimes | Acceptable | Acceptable | Acceptable
: : . acceptable CACE acceptable
Firm Acceptable | Acceptable Acceptable | Acceptable | Usually Aceepuhlc Acceptable | Aceeptable
. ) : N acceptable
) Weak Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable
BRCn e Med. Acceptable | Acceptable | Acceptable | Acceptable |-eooooo.... Acccptabl Acceptabl Acceptabl
Heavy First choice {eaceceesueoan Ususlly oo i e eemmemaccmaa Acceptabl Acccptabl
A acceptable )
Artificial Acceptable | Acceptable | Acceptable | Acceptable | Acceptable | Acceptable | Good Good - ..
teeth W .
Opposing ocelusion. ... ... =
Natural First choice |coeenoovaaaos Acceptable Somctines Often oot -Often not Good Good
tecth . acceptable acceptable acceptable
Well A ptabl Accep bl A ep bhle - . Mccpuble Acceptabl A P (X} Accep 141, A p (%)
L ) formed .
Type of ridge-cv e vvneennnnn
T Poorly | First choice {--eecuecna.. Second |l ecciemiioooceeemaaeaan Good Good
formed Cx choice
i Average Acccptable | Acceptable | Acceptable | Acceptable { Acceptable | Acceptable | Acceptabl Acceptable
Type of b ded. ...
More than | First choice [--ceocconeo.n Second Sometimes f-ecoeenoooofoccmamaaaaa.. Second First choice
average choice acceptable choice :
... Case peculiaritics: ) -
Palatal torus .. .o .o .. .ioaoal Usually not | Acceptable | Acceptable | Acceptable | Usually mot f--eoooooooiifecomeaiaos [ PO
) ) indicated . . indicated
SR o
. ) FLPIITY B 7Y SRS ARSI PRI MOUIRPRIE S RN Sometimes | Second First choice
. acceptable choice .




1. Removab

A.
B.
C.
D.

*

Removable Partial Dentures

le partial dentures may be made with

extracoronal attachments.

intracoronal attachments.

stress breakers (stress equalizers).
frictional wall precision attachments.
1. A&C

2. C&D

3. B&A

4., A, B&C

5. all of the above

2. Factors that influence the flexibility of a clasP are:

A.

B.

C.

D.

%

3. All of
except,

A,

B.

= C‘

D.

* E.

Shape

Taper

Kind of metal
Amount of undercut
1.
2.
3.
4.
5.

R R R

B
C
D
, B&C
, B.&D

> 0wk

the dentists listed below were contemporaries of Applegate

Henderson.
Steffel.
Beck,
Hindels,
Akers,

4, Denture teeth with a flange on the a removable partial denture may
be indicated in the jncisor region of the arch when there is a

A.
B.
C.

slight amount of ridge loss.
great amount of ridge loss.
no ridge or bone loss.

1. A only

2. B only

3. C only

4. A& B

5. A&C
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10.

Which

A,
B.
* C.
I.
E.

Which

*
HUOOW>

Which

* A,

HOOW

Which

B.
c.

of the following is an intracoronal attachment?

Ceka - (rigid)
Gerber 686C
Sterns G/L
Dalbo 604
Rothermann 746

of the following is a resilient attachment?
Stern's No. 7

Ney No.9

Crismani 689

Stern G/L

Baker premolar

of the following is not a semi - adjustable articulator?

Hagman Balancer
Hanau H2

Whip Mix
Dentatus
Kinescope

of the following clasps are known as suprabuldge clasps.

Roach, T, I-Bar
Akers, ring.
Circumferential, simple circlet

1. A only
2.” B only
3. B&C
4, A & C

5, all of the above

An alginate impression is more noticeably distorted by

A.
*# B.
C.
D.
E.

hydration,
dehydration,
pressure. I
release of strains,
all of the above,

Dental wax may contain any of the ingredients listed below except

A.
B.
* C.
D.
E.

paraffin

gun dammar
gum tragacanth
~candelilla
ceresin
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11. In determining the type of maxillary major connector to use,
one must consider

the location of other components.

the number and location of missing teeth.

the palatal anatomy.

the amount of support available from the remaining teeth.
the type of mandibular major connector which will be used.

i. A, B &E

2. B, C&D

3. AG&E

4, A, B.C&D
5. B, C,D&E

12, Containdications for use of a bar-type clasp include:

A.
B.
C'

D.

A deep cervical undercut (high survey line),

A severe soft tissue undercut 1 mm from gingival margin.
Only disto-buccal undercuts on the two terminal abutments
when working with a Kennedy Class I R.P.D.

Only mesio-buccal undercuts on the terminal abutments when
working with a Kennedy Class I R.P.D.

1. A & B.
2. c&D
3. A, B&D
4. B, C&D
5. A, B&C

b

13. Possible limitations to the use of internal attachments for removable
partial dentures would include:

A. Large puelps in abutment teeth.
B. Short clinical drown on abutment teeth
C. Additional cost to the patient.
D. Poor esthetic possibilities.
E. Lack of stability
1. A, B &E
2. C, D, &E
3. A&B
4, C&D
* 5. A, B&C
1l4. Dangers in the corrected cast procedure for removable partial dentures
include:
A. Movement of framework during the pouring of the cast.
B.  Overextension of the denture base area.
C. Improper placement of the framework during impression making.
D. Framework not reseated on the cast accurately after impression
is made.
E. Less accurate impression of the denture base area.

1. C, D, & E

2. A, B,C,D&E
3. A, C,D&E
L. A, B, C&D
5. B,DG&E
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15.

Which method will most likely produce the most accurate cast when
dental stone is poured into a hydrocalloid impression?

A.
B.

¥ C.

D.
E.

Double pour
Single pour
Double pour
Single pour
Single pour

impression boxed

impression boxed

without boxing

without boxing

after soaking impression in 27 potassium sulfate.
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Section Six - Implants

Section Six contains information related to implants and prosthetic therapy. The
use of implants in oral rehabilitations, the biological response of the tissues in
contact with the devices, biomechanics, a review of the different implant systems
available to the clinician, and treatment considerations are among the topics
reviewed. The role of the precision of fit of the implant components, and the
occlusal forces are reported as significant contributors to success or failure. Implant
therapy has been used in single tooth replacements, restoration of the partially
edentulous condition or management of the totally edentulous ridge. The authors
and the titles of their presentations related to implant therapy follow:

Dr. Alan B. Carr

“Prosthetic Management Using Dental Implants”
Dr. Hans-Peter Weber

“Dental Implants And Their Biological Interfaces”
Dr. Merle J. Jaarda

“Biomechanics And Implant Design”
Dr. Charles E. English

“A Review Of Implant Systems”
Dr. Steven Lewis

" “Dental Implant Therapy”

Dr. Robert J. Cronin Jr

“Treatment Considerations For The Implant Assisted Restoration
Of The Partially Edentulous Patient

Dr. Michael E. Razzoog

“Designing Fixed Partial Denture Reconstruction And Implant
Rehabilitation Using CAD/CAM”



Dr. Stephen J. Riedy

“Accuracy And Precision In Dental Implants”
Dr. Brien R. Lang

“Implant Complications”
Dr. Brien R. Lang

“QOcclusal Rehabilitation Of The Edentulous Patient With
Or Without Implants”
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Prosthodontic use of dental implants
Recommendations for use based on an evaluation of the strength of evidence

While implants can be used for many conditions, when should they be used?

Implants are currently used for all varieties of edentulous conditions [single teeth, limited spans, and
edentulous arches] which also have conventional prosthodontic treatment options. The fact that
something new, such as dental implants, can be used is not sufficient justification that it should be used
unless additional evidence reveals measurable benefits compared to other treatments. Deciding on the
best treatment option for a given oral condition of tooth loss can be helped by evaluating reports of
treatment outcomes of all various treatment options. The current status of the dental literature may not
provide clear evidence for decision-making between prosthodontic options, consequently the clinician
should understand the strength of research regarding implant outcomes to enable the best informed
decisions for their use .

The objectives of this presentation are to describe outcomes considered important for making clinical decisions
in dentistry, to describe a process of determining the strength of clinical research reports based on an
understanding of important limitations to common study designs, and to review the literature pertaining to use
of dental implants to gain insight into the strength of the evidence that influences our clinical decisions.

II.

What outcomes are important in dentistry?

Typical criteria for prosthodontic success stress prosthesis characteristics of support, stability, and
retention provided in a manner that is esthetically pleasing, functional and comfortable to the patient
while also preserving the status of the oral condition. Though valuable outcomes, clinical measures
used to monitor them have not consistently been shown to be valid or reproducible, and the scope of
the outcomes may have limitations. An understanding of important outcomes for dentistry and
prosthodontics can be found in a recent publication by Bader and Shugars,! in which they initially
describe general medical outcomes organized into dimensions (or groups of measures) to include:
survival & life expectancy, symptom states, physiological states, physical functional states, emotional
& cognitive states, perceptions about present & future health, and satisfaction with health care.

Within the above dimensions, various outcomes are possible, and several aspects of an outcome can be
measured. Using this as a framework for development, Bader and Shugars introduced a classification
of treatment outcomes for dentistry which included:

Physical/Physiological dimension Economic dimension
presence of pathology direct costs
presence of pain indirect costs
assessment of function
Psychological dimension Longevity/Survival dimension
perceived esthetics pulp death
perceived level of oral health tooth loss
satisfaction with oral health status treatment-related morbidity/mortality
self-concept & interpersonal relations time until re-treatment for same condition

time until treatment for new condition
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For every treatment (or choice of no treatment) there are a variety of outcomes, each of which should
be considered from several perspectives important to one or more of the participants. It has been
common in dentistry to focus on the Physical/Physiological and Longevity/Survival dimensions which
may have been more appropriate during a time when patients considered the provider’s opinion
regarding the best treatment to be unquestionable. There is sufficient evidence today to suggest a lack
of concordance of opinion concerning treatment needs and satisfactory treatment between patients and
providers® to emphasize the need to know more about the patient-based outcomes, Psychological and
Economic dimensions. Each of the outcomes mentioned above can have more than one measure, and,
as stated above, each outcome may have to be assessed in consideration of the appropriateness of care.

How can the various outcomes mentioned be used?

How we use the information on treatment outcomes is also variable. Since the ultimate purpose of
applied health research is to improve health care, the clinician desiring to use the best available
information will apply it to patient care decisions. More formal published statements regarding use of
such outcome information mention that application can be to promote or discourage a new intervention,
to help with cost-related and policy-oriented analysis, to enable development of decision analyses
(modeling a treatment decision analysis), and formulation of practice guidelines. The intent of this
report is to emphasize outcome evaluation and use for patient care decisions.

In a summary of the current status of dental outcomes relative to the condition of tooth loss, it has
recently been reported that few evaluations of the comparative effectiveness of alternative treatments
(fixed and removable partial dentures, and implants) were noted, and comparisons of outcomes of
replacement teeth made against no such replacement have not been reported at all in the literature.’ The
author goes on to say that the typical study designs used in dentistry most often are efficacy type studies
(dental specialists in institutions) which may lack generalizability or application to the typical dentist
in the typical setting. Also, the validity of studies that are most often retrospective analyses or long-
term prospective case studies may be weakened due to problems related to; baseline comparability of
patients and conditions, standardization of measures between studies, and investigator bias. These are
very important points to consider when evaluating the dental implant literature and will be addressed
below.

If the limitations to our literature are as described, how should clinicians proceed in applying the reports
from the literature to their patient care efforts?

Why is strength of evidence an important consideration?

When making judgements from clinical reports or investigations, it is important to realize that
information from such sources may have strengths and/or weaknesses when you apply the findings to
your patients. When drawing conclusions from the report (data) and applying the findings to the larger
population of similar patients, which includes yours under consideration, the value of the results to your
patient is dependent on the strength of the evidence. This strength of the evidence is dependent on the
validity of the report procedures, the significance (statistical & clinical) of the findings, and the extent
to which the patients in the report are representative of your patient(s).



For many clinical questions a great deal of evidence is available from a variety of studies. Due to this
study variability, it is important to consider a hierarchy of evidence. Given that the studies are
appropriately carried out within the limitations inherent in their design, the usefulness of the information
can be ranked according to the following?:

1. Randomized control trials

2. Cohort and case-control studies

3. Other comparative studies

4. Case series, descriptive studies, clinical experience, etc.

Evidence from RCT should be given the greatest weight because of the unique advantages of these
studies in overcoming the problems of bias and confounding. The next two levels have increasing
amounts of bias and confounding when compared to the RCT, but are comparative in nature. Cohort
studies should reveal less observation bias, give clearer evidence of time relationships of association,
and have a comparison group whose results are more easily determined. The last level of evidence is
largely anecdotal and provides a significantly limited foundation to support clinical decision-making.

The systematic use of a modification of the above ranking scheme has been employed for important
clinical medicine conditions. For certain medical interventions, guidelines have been proposed to assess
the value of clinical research. This value, or strength of evidence, is typically determined by reviewing
overviews, which are highly structured literature reviews, of specific clinical conditions or questions.
Cook et al*, graded overview reports from level I (strongest evidence) to level V (weakest evidence)
based on the following design features;

Level I - Randomized Control Trial with low alpha and beta errors

Level II - Randomized Control Trial with high alpha and beta error

Level III- Nonrandomized concurrent cohort studies

Level IV- Nonrandomized historical cohort studies

Level V - Case series

Recommendations for treatment are based on the collective strength inherent in the studies reviewed in
the overview and are classified as; Grade A recommendation supported by level I evidence, Grade B
recommendation by Level II evidence, and Grade C recommendation by Levels II, IV or V evidence.
It is important to note that no difference was assigned for evidence from cohort or case series types of
studies which collectively received the lowest grade of recommendation (see Addendum 1).

The above format for assessing the value of clinical research underwent modification, and later Guyatt
et al® formulated recommendations based on the strength and heterogeneity of primary studies in the
overview, the magnitude and precision of the treatment effect, and the benefit/risk considerations. The
grades of recommendations are for a specified level of baseline medical risk and are summarized in
Addendum 2. As with Cook et al, it is obvious that greater emphasis is placed on the more rigorous
study designs and the lowest level of recommendation is assigned to the observational studies. Because
the potential for bias is much greater in cohort and case-control studies (observational studies) than in
RCTs, recommendations from overviews combining observational studies will be much weaker. This
is because such studies have been shown to overestimate efficacy. Even expert consensus approaches
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to treatment recommendations, when based on uncontrolled clinical experience, risk precipitating
widespread application of treatments that may be no more beneficial to our patients than other
treatments. The reasons for this are numerous, but some insight into issues related to clinical research
design methods helps our understanding of these limitations, and has direct application to our use of
results from dental implant research in our patients.

Before moving to a discussion of other study designs, it is also important to realize that some
controversy exists regarding the actual benefit of RCT findings to the clinical practice setting. While
it has been shown that RCTs in dentistry (periodontics) are not necessarily without important biases,®
the controversy exists over an efficacy (ideal treatment conditions - RCT) versus effectiveness (typical
practice conditions) issue.” This may be quite important in dentistry where it has been shown that
practice variation is great (arguing for effectiveness data more applicable to less structured delivery of
care). However, from a specialist standpoint, (comparative) efficacy information could be quite useful
for demonstrating advantages for certain treatments in the more controlled environment of a specialty
practice (though this has not been validated), especially when high initial treatment costs greatly impact
decisions. Since RCTs are not common in prosthodontics, it is best to emphasize the limitations with
the less rigorous study designs to assure that the clinician understands if the evidence is strong or weak
for supporting clinical decisions regarding treatment selection.

Study designs in dentistry - Case reports

Developing expertise in evaluating the literature is necessary to enable today’s practitioner to provide
the best treatment for his/her patients. It compliments another form of outcome information, the careful
and objective evaluation of our patients’ conditions and response(s) to everyday treatments, which over
the course of a career are the data processed by the clinician to develop what is commonly described
as clinical experience or intuition. Much of the literature in both medicine and dentistry is devoted to
such case study, whether narrative descriptions of a single or a handful of cases (case reports),
quantitative analysis of larger groups of patients (case series), or comparisons of groups of cases with
non-cases (case control studies). These observational types of studies, as well as the individual clinician
experience gained from everyday treatment decisions (without control treatments) must be understood
for their strengths and weaknesses.

Case Series (Clinical Series)

A case series (also called clinical series) is a study of a group (usually 10 or more) of patients with a
similar condition or disease. The larger number of cases, compared to a case report, allows statistical
summaries to be determined which is a common way of delineating the clinical picture of a
condition/disease and it’s treatment feasibility or safety, in a specified manner. The intent is not to
compare treatments, but to follow the clinical course of a specific condition or treatment. Because it
is not comparative in nature, to base treatment decisions solely on this type of study may be
inappropriate, as feasibility and safety of a specific treatment are separate outcomes from comparative
treatment outcomes which might provide justification for one treatment over another based on the
evidence of the comparisons. From the standpoint of providing support for treatment selections, such
case series studies suffer from significant limitations because of an absence of controls (they are not
comparative), they are typically conducted under ideal conditions, and, as is the case for most implant
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reports, they are conducted on a self-selected population of patients (see Addendum 3).

Controls and Comparison Groups

Often new treatments are applied to patients and compared with the clinicians knowledge of other patient
responses to alternative treatments, or data from previous studies of other treatments for the same
condition (see Addendum 4). The use of historical controls, either implied or not, are thought to
potentially influence the findings by some and was the focus of a paper by Sacks®. They investigated
the use of historical control trials (HCT) and randomized control trials (RCT) when both had been used
for the same treatments, to determine if the results differed based on the control group. Interestingly,
when using the HCT, 79% of the studies found the new treatment effective while only 20% of the RCT
of the same treatments agreed. Because use of HCT is easier than setting up a randomized study, they
have been used frequently to "screen" for effective new treatments. The Sacks study revealed that HCT
rarely conclude that a therapy is ineffective when it is in fact effective (good sensitivity), however they
frequently conclude that a therapy is effective when it is ineffective (poor specificity). Such a research
design characteristic promotes overtreatment (defined here as use of an alternate treatment that is more
costly, creates greater treatment burden, and has no more tangible patient benefit than conventional
treatments). For treatments where the costs and burdens of the treatment are significant compared to
conventional treatments, caution should be exercised in proceeding with the new treatment until clear
evidence reveals a measurable and tangible patient benefit over conventional treatments.

Efficacy vs Effectiveness

For dental research, an over-riding consideration for understanding study results is the extent to which
dental implant research outcomes are based on assessments of effectiveness as opposed to efficacy. This
can be answered by determining if the treatments were rendered in a common environment, by the usual
providers, to the typical patients, and under the typical circumstances. This does not characterize most
dental research which is usually conducted in institutions by faculty (usually specialists) and
consequently cannot be considered germane to the populations (patients and providers) at large. This
type of research is considered reflective of treatment under ideal circumstances (i.e., efficacy).

Also important to consider is whether the outcomes can be applied with any expectations of validity
given study designs typical for dentistry. Some important points related to this include the fact that
comparative assessments of the outcomes of alternate treatments are infrequent, as most studies are
single treatments conducted either retrospective in nature or long-term prospective case studies, both
often without control groups. For such study designs, validity related to baseline comparability of
patients and conditions (see Sacks and Chalmers), standardization of outcome measures, and investigator
bias(es) are important to assess when determining the application of research findings to patient
treatment decisions.

Patient Assignment to Groups

When research trials have controls, there are important influences on the study results dependent on how
the patients were assigned to the treatment or control groups (see Addendum 5). The design principle
at issue here is the comparability issue: groups of patients used for comparing treatments (care) should
be comparable so that the results are not dependent on patient factors (prognostic variables) but on
treatment differences. Chalmers® reports that there are many possible reasons for differences in



outcomes between studies in which the controls are assigned at random and those in which they are
selected by some other process (such as historical controls, nonblinded assignment, etc). He studied
the effect of random/blinded (RB), random/nonblinded (RNB), and nonrandom (NR) assignment of
patients in studies investigating treatment of acute MI. He determined that important prognostic
variables were maldistributed between groups in all the studies, but to a varying degree based on
randomness and blindness [14% RB, 26.7% RNB, and 58.1% NR]. The variable maldistribution would
be suspected to alter the results which in fact demonstrated a significant relationship between aberrant
distributions of prognostic variables based on patient assignment and blindness. The data suggest that
treatments were judged to be effective more frequently in the studies where assignment of controls was
either not blinded or less blinded, and this finding is solely due to bias in the selection or rejection of
patients when the treatment to be given is known or suspected at the time of assignment. The authors
state that in such research designs, bias in the assignment could be a more important determinant of
outcome than the treatment under investigation.

Potential for bias even with RCTs

Even with seemingly appropriate designs, careful evaluation of the study can reveal important problems
as illustrated by a recent meta-analysis of surgical versus non-surgical methods of periodontal disease
treatment.’ In this report of a structured analysis of selected articles meeting the criteria of RCT of
surgical and non-surgical treatment comparisons, the authors stated that the results were limited by the
low quality scores of the evaluated studies, the potential for bias due to a lack of blindness (difficult in
dentistry), a small mean treatment difference, and the measurement variability.

Given the above typical examples of dental research design, what important questions can we use to
screen the literature for the best evidence regarding implant use?



IV.

Suggested Critical Appraisal Format For Implant Literature

A sound foundation for evaluating the dental literature relative to implant use can be established by
critical appraisal of specific reports regarding basic research design features. A suggested format for
use is summarized below and addresses the concerns regarding: use of controls or comparison groups,
baseline comparability of patients, standardization of a variety of measures, and investigator bias in
measurement.

1. Was there a comparison or control group?

a. No - limited strength/weaknesses of case series

b. Yes- If a historical control, strong bias for false (+)°

If concurrent control, how comparable are groups? (#2)

2. Patient assignment by:

a. Random process - comparable groups (#3)

b. Nonrandom process- bias due to confounding maldistributions®*°
3. Were multiple outcomes measured blindly and in a standardized manner?

a. No multiple outcomes - (limited in broad tangible benefit)

No blindness - (see Addendum 6)

b. No standardization - (does not allow consolidation of studies)

c. Yes - when combined with strengths from above questions, the study has the best chance for

unbiased results which may influence treatment selection decisions.

Using the above format as a guide, a critical appraisal of relevant literature for conditions of complete
edentulism, partial edentulism, and single tooth loss all of which have been managed using implants will
reveal the level of evidence driving the treatment decisions for implants.

Search strategy: to ensure that the most useful research is obtained, a search strategy that combines
the important aspect(s) of the question of interest (type of treatment, diagnostic category, risk factor,
etc.) with important research design features (methodology) enables discovery of better evidence.

MESH terms: Dental implants, dental implantation-endosseous, dental prostheses-implant supported

1) Combined with RCT provided no references in Medline for databases 1983 - current.

2) Combined with Cohort studies yielded 2 references.

3) A broad search under headings of dental implants plus edentulous, partially edentulous, and single
missing teeth, yielded a list which served as a starting point (a list which actually included articles with
MESH terms RCT and Cohort).

A hand search of bibliographies and reference lists completed the list. Because of the manner with
which the list was assembled, it should not be regarded as an exhaustive list of the available literature.
It should, however, serve the purpose of representing the state of the evidence for implant use in the
varying conditions.



Completely Edentulous

Osseointegrated implants in the treatment of the edentulous jaw. Experience from a 10-year period.

Branemark P-1, et al; Scand J Plast Reconstr Surg 1977;11:(supplement 1).
The purpose of this report was to provide results obtained during 10 years of clinical reconstruction
work using the osseointegration technique of implantation in the treatment of the edentulous jaw. This
extensive report presents follow-up data on continuous bridge stability taking into account implant
performance (anchorage function) and soft tissue health (barrier function). The total number of patients
is difficult to determine, however, continuous bridge stability was achieved in 86% of the patients.
Within this 86 % category, 66% required only the initial surgery, 14 % required an additional surgery,
and 6% required numerous surgeries to achieve this level of success. The bridges that were in function
for 3 years showed 85% continuous stability in the maxilla and 96% for the mandible. There were no
significant differences due to gender for comparable age groups. Results of an external examination
of the clinical material by an independent Board of Health and Welfare is provided and concludes that
the osseointegration procedures can and should be used as a complement to conventional prosthetics.
Additional discussion of related reports pertaining to psychiatric and functional outcomes were presented
in the discussion.

An excellent example of a prospective study of a consecutive series of patients managed with a novel procedure

for a similar condition- a clinical series (see above discussion, page 4).

An excellent method to establish safety and efficacy, and this is an example of an efficacy study (as opposed

to an effectiveness study).

Although Albtrektsson et al (J Period 1988;59:287, see below) referred to this as a controlled trial, the term

controlled trial refers to a trial where a control group was part of the study and this report does not provide

evidence of such use of a control group (see Addendum 5). The term was most likely used to emphasize the

adherence to protocol for both the treatment and the follow-up which in prior dental implant reports was

considered suspect.

A 15-year study of osseointegrated implants in the treatment of the edentulous jaw.

Adell R, et al; Int J Oral Surg 1981;10:387.
The purpose of this paper was to summarize 15 years of clinical use of osseointegrated implants in the
treatment of the edentulous jaw. In 371 patients (average age 53), 2768 implants were placed in 191
maxillary and 219 mandibular jaws. Of the original 410 jaws, 405 were restored with prostheses as the
other 5 were lost to death or psychiatric reasons. Patients were closely monitored every 3 months for
the first year, then at least annually; radiographs were obtained 1 week post abutment connection and
at 6 and 12 months; "periodontal” parameters were monitored; and adverse biological and mechanical
reactions were recorded. The results are presented by categories of procedure evolution and the initial
developmental group data are not discussed at length. Implant "anchorage function” is provided as the
ratio of implants supporting a prosthesis to implants placed, and was from 81-88% for maxillary and
91-97% for mandibular implants. Bridge stability was 89-96% for maxillary and 100% for mandibular
prostheses. Numerous conclusions are provided, not all relate directly to the data presented.

No controls or comparison as presented, efficacy study.



Osseointegration and its experimental background. Branemark P-I; Jour Prosthet Dent 1983; 50:399.
The purpose of this article is to provide a description of the various investigations that have led up to
the clinical application of osseointegration. Presents the conceptual development, experimental
investigation, and clinical application (intraoral and extraoral) of osseointegration.

A descriptive report of the research and development of a procedure.

Psychological reactions to edentulousness and treatment with jawbone-anchored bridges. Blomberg S,

Lindquist LW; Acta Psychiatr Scand 1983; 68:251.
The purpose of this study was to follow two groups of edentulous patients who were either treated with
conventional prostheses or implant-supported mandibular prostheses and determine any psychiatric
response differences. A total of 26 patients were randomly selected from a group of referred patients
(professional referrals or self-referrals responding to a media release regarding a new dental procedure
called osseointegration), and following examination and psychiatric evaluation had either new dentures
fabricated or their existing dentures optimized. After 2 months the psychiatric evaluations were
repeated, the treatment group had implants placed and psychiatric evaluations were repeated after 3
months and 2 years. The two groups were different in psychiatric characteristics possibly related to the
outcomes; the control group reported more occupational problems due to dentures and twice as many
were under treatment for nervous disorders. Patient responses about fit, adaptation, and social
confidence improved significantly with implant treatment.

Though a control group was assembled data collection for the control group was not as complete as for the

treatment group (see Addendum 3 regarding Hawthorne effect), nonrandom patient assignment no statement

made about psychometric instrument validity or reliability (see Addendum 7 )

The longitudinal clinical efficacy of osseointegrated dental implants: A 3-year report. Cox JF, Zarb GA;

Int J Oral Maxillofac Implants 1987; 2:91.
The purpose of this prospective study was to attempt to replicate the clinical results of the Swedish
dental team in the application of dental implants for the treatment of mandibular edentulousness. A total
of 26 patients (5 men and 21 women) of the average age 52 who had been edentulous for at least 5
years were included in this report. The patient sample were those individuals who had experienced
significant difficulties with conventional complete mandibular dentures. Typical "periodontal”
parameters were monitored, as well as implant and prosthesis survival. Of the original 151 implants
placed, 18 did not osseointegrate (87.5% success). This implant loss impacted only 1 patient’s ability
to continuously wear the mandibular prosthesis. These results are comparable to the earlier Swedish
results, and replication of the clinical course with this new treatment is an endorsement of it’s clinical
usefulness.

No control, efficacy study (stated purpose was replication).

Osseointegrated oral implants: A Swedish multicenter study of 8139 consecutively inserted Nobelpharma
implants. Albrektsson T, et al; J Periodontol 1988; 59:287.
The purpose of this retrospective, multicenter study was to give a complete follow-up of all
consecutively inserted implants by all Swedish teams outside the University of Gothenburg with an
experience of at least three years. Five-, three-, and one-year follow-up data are given (to assure
inclusion of all failures) from an original sample of 8139 implants which included 4907 mandibular
implants in 918 patients, and 3089 maxillary implants in 723 patients [additional implants were placed



in grafted and irradiated jaws]. The prostheses were mainly fixed bridges with some overdentures.
Success rates for implants at each time interval (1, 3, 5 years) reveal implant success for the mandible
to be over 98% and the maxilla to be over 84 %. The results replicate earlier results of Adell et al, and
respond to criticism of previous data analysis which suggested more stringent analysis by life-table
methods (considers cumulative probabilities of survival) be accomplished. No prosthesis results
provided.

Multicenter study (see Addendum 8), retrospective with no controls, limited outcomes measured.

A long-term follow-up study of osseointegrated implants in the treatment of totally edentulous jaws. Adell
R et al; Int J Oral Maxillofac Implants 1990; 5:347.
The purpose of this report is to present the outcomes of prostheses and implants in 759 totally
edentulous jaws in 700 patients. A total of 4636 implants were placed and followed for a maximum
of 24 years by the original team at Goteborg. Life table analysis revealed >95% of the maxillae had
continuous prosthesis stability at 5 and 10 years, and at least 92% at 15 years. The mandible exhibited
99% prosthesis stability at all time intervals. Individual implant survival rates were; maxillary 78-92 %,
and mandibular 86-99%, ranges expressed for the various time intervals followed. The authors
conclude that given the magnitude of the clinical material, the length of follow-up, and the positive
outcomes relative to survival and other parameters (measured elsewhere), routine treatment of
edentulism using the osseointegration method appears to be a highly efficient method of treatment.
No controls, efficacy study, main outcomes are implant and prosthesis survival (other outcomes reported
elsewhere).

Oral function in patients wearing fixed prosthesis on osseointegrated implants in the maxilla: 3-year

follow-up study. Lundqvist S, Haraldson T; Scand Jour Dent Res 1992; 100:279.
Seventeen consecutive patients provided with fixed prostheses on maxillary implants were evaluated over
a 3-year period. Subjective and objective (occlusal functional measures) evaluation was made before,
immediately after, 3-6 months after, and 3 years after treatment. Chewing force increased with time,
clinical dysfunction index did not change during the observation period, and all patients expressed
subjective improvement in jaw function.

No control group (neither satisfied nor dissatisfied maxillary complete denture patients), efficacy study.

A 3-year clinical study of Astra dental implants in the treatment of edentulous mandibles. Aridson K et

al; Int J Oral Maxillofac Implants 1992; 7:321.
A prospective study of 54 edentulous patients treated with 310 Astra implants placed in the mandible
and monitored for 3 years. Prosthesis stability was 100% and implant survival was 98.1% (7 failures).
No significant adverse reactions were reported.

No controls, limited outcomes measured.

A multicenter study of overdentures supported by Branemark implants. Johns RB et al; Int J Oral
Maxillofac Implants 1992; 7:513.
The purpose of this nine center prospective study was to follow 133 patients treated with overdentures
and determine the feasibility and success rate. For 117 maxillary and 393 mandibular implants, these
preliminary results indicate a success rate in the mandible comparable to the fixed implant prosthesis.
Maxillary overdenture treatment was less favorable than previous fixed restoration reports. The
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differences between previous fixed treatments (historical controls) and the present maxillary
overdentures was thought to be based on differences in patient selection and bone quality. A total of
32 mobile implants were removed and 29 were lost to follow-up. A higher implant failure rate occurred
in the maxilla, and mucosal reactions were unfavorable around implants in the maxilla.
Historical controls (strong tendency to over-estimate treatment effect), a stated lack of comparable patients
(patient selection for the two treatments would be expected to be based on different physical characteristics),
efficacy study, limited length of follow-up .

A comparative prospective study of splinted and unsplinted Branemark implants in mandibular

overdenture therapy: a preliminary report. Naert I, et al; Jour Prosthet Dent 1994; 71:486.
The purpose of this study was to determine the effect of splinted vs unsplinted conditions for two-
implant mandibular overdentures as measured by objective tissue responses and subjective patient
evaluations. Thirty-six patients were selected and randomly divided into three experimental groups:
magnet, ball, or straight bar with clip attachments (the latter served as the control). Mean loading time
was 12.4 months (range 3 - 24 mos) after which results indicated no differences between groups for
implant failures (none recorded) or "periodontal” parameters. While patient subjective response did not
reveal a difference, splinted bar-retained overdentures scored better on an objective evaluation. Based
on this short-term follow-up, the manner of connection for the mandibular overdenture did not alter the
clinical response.

Control within selected treatment not across treatments, random assignment to overdenture connection groups,

limited sample size with a negative trial (see Addendum 9), stated limited follow-up.

Ten-year longitudinal study of masticatory function in edentulous patients treated with fixed complete

dentures on osseointegrated implants. Carlsson GE, Lindquist LW; Int J Pros 1994; 7:448.
The purpose of this study was to follow edentulous patients provided with mandibular implant-supported
prostheses and monitor their oral function over a 10-year period. In an original group of 23 patients,
9 also received maxillary implants after mandibular treatment. Measures of maximum occlusal force
(called mastication efficiency index) revealed no difference between groups. At the 3-year examination,
lower values were recorded for the self-rated masticatory ability but these ratings increased at the 10-
year evaluation. The authors concluded that mandibular implant-supported prostheses provided to
dissatisfied complete dentures patients led to an acceptable and dramatic improvement, while some
patients demanded additional treatment to reach their level of satisfaction.

No controls, two groups which self-selected treatment and therefore were not comparable (selection based on

patient differences, therefore subjective responses would be expected to differ), good length of follow-up.

The mandibular subperiosteal implant denture: a prospective survival study. Yanase R, et al; Jour

Prosthet Dent 1994; 71:369.
The purpose of this study was to follow patients treated with subperiosteal implants monitoring clinical
course which included maintenance requirements and complications. Over a 21 year period, 81 implants
were placed in edentulous patients in a Graduate Prosthodontic clinic. Few patients were lost to follow-
up but a significant number died before termination of the study. At 10 years, the survival rate was
79% for 63 patients, at 15 years 60% for 34 patients, and this trend led the authors to conclude that use
of the subperiosteal implant comes with a low long-term survival which continues to decline over time
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without reaching a steady state.
No controls as presented, censored data handling would be a concern if a positive trial, excellent long-term
Sollow-up.

Problems with prostheses on implants: a retrospective study. Walton JN, MacEntee MI; Jour Prosthet

Dent 1994; 71:283.
The purpose of this study was to determine prosthesis maintenance differences for fixed and removable
implant prostheses. A retrospective evaluation of 156 patients was conducted and revealed removable
prostheses adjustments to be almost 3 times that for fixed, and repairs were more than 2 times as
frequent in the removable group. Contour adjustments for both prostheses, clip replacements for the
removable prostheses, and gold screw adjustments for the fixed prostheses were the most common
problems. Despite the high maintenance needed, patients were satisfied with both types of prostheses
and the fixed prosthesis group exhibited limited satisfaction with cleansability. It was concluded that
maintenance considerations should be made when deciding between prostheses.

Retrospective study (see Addendums 4 & 5), large sample size, useful outcome measure which is not frequently

considered. ‘

Peri-implant mucosal aspects of III implants supporting overdentures. A five-year longitudinal study.

Mericske-Stern R et al; Clin Oral Impl Res 1994; 5:9.
The purpose of this longitudinal study was to follow 33 elderly patients (mean age 69 years) provided
with mandibular implants and overdenture prostheses connected by bar or spherical attachments for 5
years. "Periodontal” parameters were monitored and it was noted that about 50% of the implants were
placed in lining mucosa. The results revealed that 2 implants failed (1 due to fracture and 1 due to a
peri-implant lesion), the average probing depths were 3mm, small local angular defects were noted on
16 implants in 12 patients (22 %) which also exhibited slightly increased probing depths, and loss of
attachment was less frequent when implants were placed following a prolonged period of edentulousness
(>5 years). The authors conclude that reduced dexterity of elderly patients and the environmental
conditions of the overdentures did not represent an increased risk of the development of peri-implant
lesions.

Assumed control (spherical attachment group?), no assurance of comparability of groups, negative trial with

limited sample size (requires discussion and potentially a power analysis - see Addendum 9), adequate follow-up

given population age.

Comminution of food with mandibular implant-retained overdentures. Geertman ME et al; Jour Dent

Res 1994; 73:1858.
The purpose of this study was to test the hypothesis that masticatory performance is dependent on the
degree of support for mandibular prostheses provided by implants and/or alveolar mucosa. In a
randomized clinical trial, measures of artificial food comminution were made in three edentulous patient
treatment groups: conventional complete dentures (n=28), mandibular overdenture attached to 2
implants by a single bar-clip (n=29), and mandibular overdenture attached to a transmandibular implant
by a 5 clip/three bar with cantilever extensions arrangement (n=27). Patients were allocated to
treatment groups using a balanced method for six patient characteristics. The conventional denture group
required 1.5 to 3.6 more chewing strokes to achieve comparable comminution. No difference was
measured between the implant groups, and the authors concluded that retention and stability of the
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prostheses rather than implant support provided the greatest impact on patient ability to comminute food
during mastication.
Treatment control group, randomized assignment, time for prosthesis accommodation was assured, outcomes
not measured by blinded individuals

Within-subject comparisons of implant-supported mandibular prostheses: choice of prosthesis. Feine JS

et al; Jour Dent Res 1994; 73:1105.
The purpose of this study was to compare different types of implant-supported prostheses. A total of
15 patients were included in this cross-over clinical trial evaluating fixed and long-bar removable
implant-supported mandibular prostheses. After random assignment, the groups functioned with their
respective prostheses for 2 months and psychometric and physiological evaluations were made. The
prostheses were then changed and the procedures repeated. Patients were asked to choose the prosthesis
most satisfactory to them, and 8 chose the fixed prosthesis, 7 the removable prosthesis. Both groups
rated the fixed prosthesis as best relative to stability and ability to chew; while the patients who chose
the removable prosthesis rated ease of cleaning as the most important parameter in influencing their
decision. Their was a tendency for the removable prosthesis to be chosen by older patients (> 50
years). The authors conclude patient attitudes should be considered prior to making treatment decisions.

Treatment group as a control, cross-over design concerns relative to washout period (see Addendum 10).

Within-subject comparisons of implant-supported mandibular prostheses: evaluation of masticatory
function. Feine JS et al; Jour Dent Res 1994; 73:1646.
From the same study as above, the chewing movements and EMG activity were recorded for 5 test
foods to test the hypothesis of whether fixed prostheses are more efficient in masticatory performance
tests. Three test sessions per prosthesis with 5 trials per food each session revealed chewing stroke
vertical amplitude was less (for all foods but one) and cycle duration was longer for 2 foods in the
overdenture group compared to the fixed group, however, contrary to expectations, the long-bar
overdenture was no less efficient than the fixed prosthesis. The data suggest that patients are capable
of adapting their masticatory movements to the characteristics of the two prostheses.
As above, with repeated measures it is important to have measurement reliability information regarding issues
of clinical measurement variation to assure the method can distinguish some important difference, the repeated
measures with rigorous analyses (including multilevel analyses exploring numerous sources of variation)
required for this design attempted to do that, censoring of masticatory movement data may be of concern for
some readers.

Prospective clinical evaluation of mandibular implant overdentures: Part I- Retention, stability, and tissue

response. Burns DR et al; Jour Prosthet Dent 1995; 73:354.
The purpose of this study was to determine the response (stability, retention, and tissue) of changing
from a conventional complete denture to an O-ring or magnet-retained implant-overdenture. A total of
17 patients were enrolled in the study, their pre-existing dentures were modified prior to baseline data
collection, and following this the patients were randomly assigned to the two experimental groups. Data
collection was by force gauge for retention/stability and by 3 prosthodontists for retention/stability and
tissue response. The results revealed statistical superiority of the implant groups compared to the
conventional group. The O-ring group was statistically better then the magnet group for retention and
stability, and the tissue response favored the implant groups.
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Control data preceded two experimental groups (patients considered implant treatment due to conventional
problems, therefore subjective data would be expected to favor implant groups), blind assessment of outcomes
is difficult for clinical evaluative component, interexaminer reliability not reported for any of the clinical
examination parameters (stated that interexaminer studies performed but no report of reliability given).

Prospective clinical evaluation of mandibular implant overdentures: Part II- Patient satisfaction and
preference. Burns DR et al; Jour Prosthet Dent 1995; 73:364.
From the same study above, data were collected following modification of the conventional dentures
and following use of the implant prostheses for 6 months. The subjects were satisfied with both
attachment overdentures (over the conventional dentures), but showed a strong preference for the O-
ring.
As above, psychometric instrument used was a modification of a previous questionnaire (which was a
modification of a previous questionnaire) and no documentation for proven validity and reliability is provided
(see Addendum 6).

Osseointegration of Branemark fixtures using a single-step operating technique. A preliminary prospective

one-year study in the edentulous mandible. Bernard JP et al; Clin Oral Impl Res 1995; 6:122.
The purpose of this feasibility study was to apply the Branemark implant to a one-stage surgical
procedure where the implants provide immediate stabilization to mandibular overdentures. Five
volunteers (mean age 60 years) were provided with implants in the mandibular canine regions, three
months after placement clinical and radiographic examination was conducted prior to changing the
healing abutments for spherical attachments. At 9 months, clinical and radiographic measures revealed
all implants to be stable and exhibiting favorable peri-implant health. All 5 patients considered the result
to be adequate.

No controls, limited sample size, stated limited follow-up, concern for volunteer effect on subjective outcomes

(see Addendum 4).

Laser-welded titanium frameworks for fixed prostheses supported by osseointegrated implants: a 2-year

multicenter study report. Bergendal B, Palmqvist S; Int J Oral Maxillofac Surg 1995; 10:199.
The purpose of this study was to follow a group of patients (n=93) using 100 titanium laser-welded
frameworks for 2 years and compare outcomes to a retrospective patient group (n=91) using 9
conventional frameworks. The results were good for both groups; 1.2% of the loaded implants were
lost (1.6% in the titanium group, and 0.7% in the conventional group), 1 framework in each group
fractured, and in the maxillary group there were significantly more implant failures and a tendency for
more fractures of teeth and resin in the titanium group. Though the results are promising, the follow-up
is too limited.

Treatment control (conventional group) was retrospective (see Addendum 4), no randomization possible, good

sample size (large enough to detect a clinically significant difference in outcomes?)

Factors related to success and failure rates at 3-year follow-up in a multicenter study of overdentures

supported by Branemark implants. Hutton JE et al; Int J Oral Maxillofac Implants 1995; 10:33.
The purpose of this international multicenter prospective study was to follow maxillary (117) and
mandibular (393) overdentures supported by 510 implants. At 3 years 120 implants were supported by
44 implants; 150 were submerged and 66 implants had been withdrawn because of discontinued
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participation; and 11 mandibular and 29 maxillary implants had failed and been removed from 21
patients. Eleven overdentures were considered failures (9.2 %0 with a maxillary rate of 27.6% and a
mandibular rate of 3.3%. Mandibular success was comparable to that reported for fixed prostheses.
At highest risk for implant failure were patients who had poor bone characteristics (quantity E, quality
4), and patients who had 1 failure were more likely to have >1 failure.
Experimental comparison (or control) within implant treatment patient group (maxillary vs mandibular), also
historical control for mandibular comparison to fixed prostheses, large sample size, rigorous analysis.

Nutritional adequacy of reported intake of edentulous subjects treated with new conventional or implant-
supported mandibular dentures. Sebring NG et al; Jour Prosthet Dent 1995; 74:358.
The purpose of this study was to compare baseline records of the nutritional dietary content to records
kept semiannually for 3 years after treatment to ascertain whether nutrient intake of edentulous patients
(convenience sample of the Washington, DC area) changed after receiving new implant-supported
prostheses (n=41) or new conventional prostheses (n=30). The results revealed no significant
difference between the groups for intake of calories or 27 nutrients (p>0.01). Trends noted in the
groups reflected national trends, and more than 40% of the patients in both groups were found to have
inadequate intake of dietary fiber, calcium, or both, and 25-50% had low intakes of vitamins A, E, D,
B6 and/or magnesium; intakes that are similar to two age-matched populations.
Age-matched historical controls (because data from the control group used has been repeatedly reported the
validity may be less questionable), computer analysis of data allowed blind assessment, rigorous analysis
including methods to analyze changes between groups over time where missing data could confound results and
establishing an 0.01 significance level to compensate for the inflated type 1 error resulting from multiple
comparisons.

Patient satisfaction and chewing ability with implant-retained mandibular overdentures: a comparison
with new complete dentures with or without preprosthetic surgery. Boerrigter EM et al; Jour Oral
Macxillofac Surg 1995; 53:1167.
The purpose of this study was to compare denture satisfaction and chewing ability of edentulous patients
treated with dental implant-retained overdentures or with conventional dentures with or without
preprosthetic surgery. A total of 90 patients, 38 men and 52 women, with a mean anterior mandibular
height of 21mm were assigned to the 3 treatment groups by a balancing allocation method. Satisfaction
questionnaires related to denture complaints and chewing ability, and an overall satisfaction rating were
used to measure prosthesis outcomes. At the 1-year evaluation, the majority of questionnaire factors
showed significantly better scores for the two surgical groups compared to the conventional denture
(without surgery) control. For the scale "functional complaints lower denture" the overdenture group
scored significantly better than the preprosthetic group.
Controlled trial, follow-up of 1 year though important to know may be too soon to distinguish time-dependent
changes that could impact outcomes, validity/reliability of psychometric instrument very good (chose a
previously validated instrument for this specific application, and established the reliability of its use for their
patients by calculating Cronbach’s coefficient «)
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Patient satisfaction with implant-retained mandibular overdentures. A comparison with new complete

dentures not retained by implants - a multicenter randomized clinical trial. Boerrigter EM et al; Brit

Jour Oral Maxillofac Surg 1995; 33:282.
The purpose of this study was to determine the subjective patient evaluation difference for edentulous
patients treated with conventional complete dentures or implant-retained mandibular overdentures. A
total of 150 patients, 32 men and 118 women, the mean age of 56 years (range 35-84), exhibiting a
mean anterior mandibular height of 13mm, were randomly assigned to the two treatment groups.
Questionnaires focusing on denture-related complaints and general satisfaction revealed at 1 year the
majority of factors scored significantly better for the overdenture group, and the authors concluded that
for patients with severely resorbed mandibles, overdentures retained by implants can provide a more
satisfactory solution to their denture-related complaints than new conventional dentures.

Randomized control trial, unbalanced gender grouping but otherwise group comparability assured, measures

applied and collected in a blind manner, limited follow-up though short-term differences were observed.

The edentulous predicament. I: A prospective study of the effectiveness of implant-supported fixed

prostheses. Zarb GA, Schmitt A; JADA 1996; 127:59.
This prospective study follows the clinical course of 50 patients who had experienced an unsuccessful
conventional denture course and following a period of optimized conventional denture use, 45 were
provided with implant-supported mandibular prostheses and 1 was provided with an overdenture.
Eventually, 3 of the remaining 4 patients were provided with implant-supported overdentures. The
results after a period of 11 to 15.5 years reveals: two patients (16 implants) did not return for follow-up
evaluation, two patients died (8 or 10 placed implants still in function), one patient lost 5 mandibular
implants after 3-6 years of function, and forty patients with 38 implant-supported prostheses were
functioning well. Of the original 259 implants placed, 32 failed to osseointegrate (21 by Stage 2
surgery and 11 after varying periods of loading).

Prospective study, no controls, selective sample (authors discuss this weakness), efficacy study.

The edentulous predicament. II: The longitudinal effectiveness of implant-supported overdentures. Zarb

GA, Schmitt A; JADA 1996; 127:66.
This prospective study follows 50 consecutive patients, who were unable to wear their conventional
complete dentures, after optimizing their prostheses and assigning implant-retained overdenture therapy
for 45 of the original 50 patients. The results after from 3 to 13 years reveals: two patients were
unaccounted for (in function for 2 and 6 years), six patients died (14 implants), and thirty-seven patients
with 39 prostheses were functioning successfully. Out of the original 132 implants placed, 5 failed to
osseointegrate (three by Stage 2 and two after 2-3 years of function).

Prospective study, no controls, [as in the preceding study, the authors discuss the outcomes in light of the

stability requirement of prostheses which is the major prosthetic benefit with implant use and offer a clinicadl

decision-making "model” for distinguishing between the need for totally implant-supported or implant/tissue-

supported prostheses]
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Partially Edentulous - Fixed Partial Dentures

A clinical evaluation of fixed-bridge restorations supported by the combination of teeth and

osseointegrated titanium implants. Ericsson I, et al; J Clin Perio 1986;13:307-12.
The purpose was to determine whether implant and natural tooth support could be combined for fixed
partial dentures. Ten patients were provided with a variable number of implants (2 to 6) in variable
distributions relative to natural teeth, and splinted rigidly (n=6) or non-rigidly (n=4, Boos attachment)
and followed for periods ranging from 6 to 30 months during which strict oral hygiene practices were
monitored. Clinical outcomes included; oral hygiene status, gingival conditions, probing depths,
marginal bone levels, and prosthetic quality using CDA-system criteria. Concluded that for short time
frame, results are satisfactory given no adverse findings of significance but recommendations are
premature due to limited time of follow-up.

No control group, extreme variability in clinical use for such a small sample size.

Veterans Administration Cooperative Dental Implant Study- comparisons between fixed partial dentures
supported by blade-vent implants and removable partial dentures. Part II: Comparisons of success rates
and periodontal health between two treatment modalities. Kapur K; Jour Prosthet Dent 1989;62:685.
The purpose of this RCT was to determine whether FPDs supported by blade-vent implants offer an
acceptable substitute for mandibular unilateral or bilateral distal-base extension RPDs. Among 232
patients entered into this trial, 118 received RPDs and 114 received FPDs. During the 60 month
treatment period, failures occurred in 19 FPD patients and 30 RPD patients. Ten FPD failures occurred
prior to FPD insertion and 25 RPDs were considered failures due to lack of using the prostheses during
eating. Life table analysis showed 5 year success to be 84.2% for the FPD group, and 74 % for the
RPD group. A statistically and clinically significant higher success rate was achieved for the FPD in
patients with a Kennedy Class II edentulous condition, but the RPD fared better for those patients with
a Kennedy Class I condition.
RCT (stratified random assignment from a selective patient population), comparative assessment of prosthodontic
options for similar categories of missing teeth distribution, multiple outcome analysis with predetermined
treatment difference magnitudes (for 2 outcomes) to predict sample size needs, data reviewed after collection
by study chairman before submitting to biostatistician - no mention of blind collection/assessment, psychometric
instrument validity/reliability not addressed, multiple site allows replicability and technique sensitivity to be
determined, patient population generalizability questions.

Osseointegrated implants in the treatment of partially edentulous patients: A preliminary study on 876

consecutively placed fixtures. Jemt T, Lekholm U, Adell R; Int J Oral Maxillofac Implants 1989; 4:211.
The purpose of this prospective study was to follow the use of dental implants in 244 partially
edentulous patients in an effort to determine safety and efficacy for use in this patient population. A
total of 876 implants placed in 268 jaws of 244 patients were monitored for implant and prosthesis
survival from 1 to 20 years. The results are subdivided into three time periods and reveal: only 712
implants were uncovered, of these 24 were lost; continuous prosthesis stability was evident for 98.7 %
of the prostheses.

Prospective study, no controls, efficacy study, data stratification and presentation considered a form of

censoring by some, limited outcomes.
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The applicability of osseointegrated oral implants in the rehabilitation of partial edentulism: A prospective

multicenter study on 558 fixtures. van Steenberghe et al; Int J Oral Maxillfac Implants 1990; 5:272.
The purpose of this study was to prospectively follow 159 partially edentulous patients at 9 clinical
centers treated with dental implant-supported prostheses. Clinical "periodontal” and functional
parameters were monitored to assess safety and efficacy for this application. Of the original 55§
implants placed, 521 remained to provide support to 199 prostheses in 154 patients. Thirty-seven
implants were lost or unaccounted for, and after the first year of a 5 year study, 189 of the original 19
prostheses remained in function. Most failures occured in patients with less-favorable bone quality.

Prospective multicenter study, no controls, efficacy study.

The applicability of osseointegrated implants in the treatment of partially edentulous patients: three-year

results of a prospective multicenter study. Henry PJ, Tolman DE, Bolender D; Quint Int 1993; 24:123.
The purpose of this study was to prospectively follow at 9 clinical centers partially edentulous patients
treated with dental implants. Clinical parameters were measured for "periodontal” status, prosthesis
stability, and stomatognathic function in 159 patients ranging in age from 18 to 70 years. After 3 years,
460 loaded implants supporting 174 prostheses in 139 patients remained and were stated to have
achieved a success rate comparable to edentulous patients.

Prospective multicenter study, no controls, efficacy study.

The longitudinal clinical effectiveness of osseointegrated dental implants in anterior partially edentulous

patients. Zarb GA, Schmitt A; Int Jour Pros 1993; 6:180.
The purpose of this prospective study was to adapt the implant technique used for edentulous patients
to the patients with anterior partially edentulous condition. In 30 patients with 34 partially edentulous
areas, 94 implants were placed and followed. After periods of loading from 2-8 years [mean of 4.7],
94 % [47 of 50] maxillary implants and 88.6% [39 of 44] mandibular implants remain in function. This
average success rate of 91.5% was sufficient to resolve 100% of these selective maladaptive prosthetic
experiences, and this suggests that implant use in the anterior region of the partially edentulous mouth
can be as successful as in the edentulous experience.

Prospective multicenter study, no controls (though assigned to patients with a poor conventional prosthetic

experience), efficacy study, limited population, limited time followed (less than 5 years) and limited outcomes

measured. By most dental standards and given the limitations with no controls (see Addendum 5), a well done

study.

The longitudinal clinical effectiveness of osseointegrated dental implants in posterior partially edentulous

patients. Zarb G, Schmitt A; Int Jour Pros 1993; 6:189.
The purpose of this study was as the previous study except for the posterior jaws of partially edentulous
patients. In 35 patients with 46 edentulous areas, 105 implants were placed. After loading for 2.6 to
7.4 years [mean 5.2], 97.6% [40 of 41] maxillary implants and 92.2% [59 of 64] mandibular implants
remained in function. The overall average success rate of 94.3% suggests that dental implant use in
the posterior jaws is a predictable treatment.

As previous, efficacy study without controls.

18



Implant treatment in partially edentulous patients: a report on prostheses after 3 years. Gunne J, Jemt

T, Linden B; Int Jour Pros 1994; 7:143.
The purpose of this prospective multicenter study was to follow implant use in partially edentulous
patients. In 154 patients provided with 521 implants to support 197 free-standing prostheses, 94.8%
of the prostheses and 93.9% of the implants were in function at 3 years (cumulative success rates).
Most of the lost prostheses were two-implant prostheses, which also was the group which experienced
the greatest number of technical and mechanical complications.

Prospective multicenter study, no controls, efficacy study.

Implant survival rates in partially edentulous patients: a 3-year prospective multicenter study. Higuchi

KW, Polmer T, Kultje O; Jour Oral Maxillofac Surg 1995; 53:264.
The purpose of this report was to provide 3 year data for a 5 year prospective study following the use
of dental implants in partially edentulous jaws. Cumulative success rates for 139 patients with 460
implants were 92.5% for maxillary and 94.8% for mandibular implants. The failures noted were
associated with poor bone quality, smaller implant sites, and higher plaque index, and were more than
likely to occur before loading.

Prospective multicenter study, no controls, efficacy study.

Bridges supported by free-standing implants versus bridges supported by tooth and implant. A five-year

prospective study. Olsson M, Gunne J, Astrand P, Borg K; Clin Oral Impl Res 1995; 6:114.
The purpose of this study was to address whether it is possible to combine teeth and implants for FPD
support. In 23 patients who exhibited Kennedy Class I partially edentulous mandibular arches and
completely edentulous maxillary arches, the two types of FPDs [2-implant only and tooth-implant] were
randomized to side such that each patient had one of each FPD. The implant survival rate was 88%
there was no significant difference in survival between the sides, FPD stability was 89% for the implant
FPDs and 91 % for the tooth-implant FPDs. No difference was noted in marginal bone changes between
the groups. No increased risk of failure was seen for implants connected to teeth with FPDs compared
to free-standing implant FPDs [when opposed by a complete denture].

Treatment control, randomized assignment to side in a split-mouth design (see Addendum 11), small sample size,

efficacy study.

Prospective investigation of the single-crystal sapphire endosteal dental implant in humans: ten-year

results. Steflik DE, et al; Jour Oral Implantol 1995; 21:8.
The purpose of this longitudinal prospective study was to evaluate the use of single-crystal sapphire
screw-shaped implants, and attempt to establish clinical parameters for success and failure. In 17
patients, 28 mandibular implants were placed and after 6 weeks, 23 implants in 15 patients served as
distal support for FPDs. Patient comfort, radiographic and "periodontal” parameters were monitored,
and any implant failing in any three categories or requiring removal were deemed failures. At 10 years,
17 implants were available to recall and functioning (2 lost to recall, others failed) for a stated 81%
success rate. Authors state that qualitative and quantitative parameters are useful for evaluation.

No control, though multiple outcomes were measured three parameter cutoff for failure requires justification,

censored data handling is misleading (see Addendum 12).
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Delayed implants in the anterior maxilla with the IMZ-implant system. De Wijs PL, Cone MS, De Putter

C; Jour Oral Rehab 1995; 22:319.
The purpose of this report was to provide follow-up data on patients with anterior maxillary partially
edentulous areas managed with dental implants. In 81 patients, 173 HA-coated implants were placed
3 or more months after tooth loss, and restored with fixed or removable partial dentures and single
crowns. At 5 years the cumulative implant survival rate was 96.1%, and though esthetic compromise
was common, the prostheses were stated to be highly satisfactory to both provider and patient.

No controls, outcomes limited in scope.
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Partially edentulous - Single Teeth

Modified single and short-span restorations supported by osseointegrated fixtures in the partially

edentulous jaw.

Jemt T; Jour Prosthet Dent 1986;55:243.
The purpose of this article was to describe a clinical (technical) protocol for short-span restorations
supported by implants and modified abutment components. The author concluded that short-term
experience indicates the possibility of restoring single tooth and short edentulous spaces using dental
implants.

Technical information (with emphasis on technical and esthetic problems) regarding how to modify implant use

from previous completely edentulous applications to the applications mentioned.

Single-tooth rehabilitation using osseointegration. A modified surgical and prosthodontic approach.

Ohrnell L-O, et al; Quint Int 1988; 19:871.
The purpose of this report was to describe a modified surgical and prosthetic procedure is presented to
improve the esthetic possibilities, shorten the treatment period, and simplify the single tooth implant
procedure. Component modification introduced included an extended hex and a conical head on the
implant, a counter-torque device, and cementing the crown as opposed to screw fastening.

Technical information only, no data.

A new self-tapping Branemark implant: clinical and radiographic evaluation.

Friberg B, Grondahl K, Lekholm U; Int J Oral Maxillofac Implants 1992;7:80.
The purpose of this report was to follow application of a new self-tapping implant, designed for denser
bone qualities, and monitor insertion technique, complications, marginal bone remodeling, and survival
rate. Thirty patients had 88 self-tapping and 91 standard implants placed in the mandible and maxilla.
Insertion problems were seen for 13 self-tapping mandibular implants only; one implant from each
group failed to integrate; radiolucencies were seen around apices of one implant from each group; and
the mean marginal bone resorption at 1 year was 0.5 to 0.6mm for the two implants.

Comparison at the implant level only, no prosthesis comparison, limited time for follow-up.

The longitudinal clinical effectiveness of osseointegrated dental implants for single-tooth replacement.

Schmitt A, Zarb G; Int J Pros 1993;6:197.
The purpose of this study was to test the versatility of the osseointegration technique by testing its
efficacy for single-implant support of crowns. Thirty-two patients were provided with 40 implants, 28
in the maxilla and 12 in the mandible, and loaded for 1.4 to 6.6 years. All implants at the time of
evaluation (mean 2.9 yrs) were functional, and the results suggest the osseointegration technique can
be adapted for use in patients with single missing teeth with predictably good success.

No controls, short time period, limited outcomes (due to noncomparative nature), efficacy study by report.
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Osseointegrated implants for single-tooth replacement: progress report from a multicenter prospective

study after 3 years. Laney WR, et al; Int J Oral Maxillofac Implants 1994;9:49.
The purpose of this study was to report 3 year data ("periodontal"/mechanical) for 82 of the original
92 patients. Since the first year report, 6 more patients have been lost to follow-up, but no additional
implants in the available population have failed. The 3 year cumulative success rate was 97.2%, and
no changes from the first year were noted in any of the "periodontal” outcomes measured. Abutment
screw loosening continued but at a significantly reduced rate compared to that reported at the first year,
and gold screws out-performed titanium screws in fastening security.

Prospective multicenter study, no control/comparisons, whether lost patients counted as failures unsure.

Implants for single-tooth replacement. A clinical and experimental study on the Branemark CeraOne

system.

Andersson B; Swed Dent J 1995; 108:1-41 (supplement).
The purpose of this report was to present prosthodontic procedures and early clinical experience of the
CeraOne system, with some outcomes from an on-going prospective trial. Survival rates for 57 patients
after 2 years (65 implants) and 34 patients after 3 years (37 implants) revealed survival rates comparable
to other reports (above 95%), however, conical implants showed a higher degree of bone loss in
comparison to other implants.

No controls, a variety of oral locations for a limited sample size.

Osseointegrated implants for single tooth replacements in general practice: a 1-year report from a
multicenter prospective study. Henry PJ, et al; Austr Dent J 1995; 40:173.
The purpose of this report is to describe 1 year results of single implant application by general
practitioners who prior to the study had received no formal implant training, and provided treatment
following intense training. The group placed and restored the implants, and at 1 year the results
compared favorably with the reported results of previous centers. The authors suggest this is proof that
general practitioners should be trained in the use of dental implants so that improved delivery of care
can be provided at a more economic level.
No controls, general practitioner component addresses issue of efficacy vs effectiveness from a provider
standpoint- but extent to which care was provided as in the community is not easily determined, this directly
relates to the conclusions which assumes because general practitioners in this setting achieved 1 year results
comparable to others they will provide a better service to their patients (better than what is not stated, it is
assumed the authors mean single tooth implants are better than any other option) in a more economical manner,
though no direct/indirect cost comparisons were provided.

Single-tooth restorations supported by osseointegrated implants: results and experiences from a

prospective study after 2 to 3 years. Andersson B et al; Int J Oral Maxillofac Implants 1995; 10:702.
The purpose of this report is to provide follow-up data on 57 patients at 2 years, and 34 patients at 3
years, who have had the CeraOne system applied to single missing teeth conditions. The cumulative
success rate at 3 years was 97.3%, and the only crown fractures that occurred were the result of trauma
not occlusal forces. The conclusions were that the system achieves good esthetic results, and avoids
both screw loosening and fistula formation complications.

No controls, limited time for follow-up.
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Summary

It is evident from the review of this selected literature that the application of dental implants to the
edentulous conditions ranging from single missing teeth to complete edentulism can be safely and efficaciously
accomplished. Whether the results reported are representative of outcomes expected in the private offices of
the majority of providers is not known. What is also evident is that comparative outcomes for the use of
osseointegrated dental implants are only available for the completely edentulous patient.

It was not intended for this review to detract from the research effort put forth in any of the reviewed
studies. Clinical research is a very difficult and time-demanding endeavor. Progress in such efforts, however,
demands critical appraisal to assure professional accountability and maximum yield of future efforts.

In practice, when patients are seeking dental care, they may have a particular treatment in mind and
selection becomes a mute point. However, for those patients who are seeking the best treatment for their oral
condition, the lack of comparative data for certain prosthetic options places a greater responsibility on the
practitioner to inform the patient regarding this situation, especially when the cost component of the cost/benefit
consideration is a major factor.

The best solution to this dilemma is to conduct comparative research for the prosthetic options and better
understand cost/benefit as well as benefit/risk for these treatments. Such information will strengthen providers
in their position to defend appropriate dental implant use for patients who are self-paying and for patients who
benefit from third-party paying resources. Such research evidence will help individual practitioners as well as
managed care policy-makers understand the most appropriate use of dental implants.
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Addendum 1 Observational studies

Clinical studies in which the researcher gathers data by simply observing events as they happen, without playing
an active part in what takes place, are called observational studies. Cohort and case control studies are
common examples; in a cohort study, a group of people (a cohort) is assembled, none of whom has experienced
the outcome of interest but all of whom could experience it, they are classified according to important
characteristics related to the outcome of interest and followed over time to see which experience the outcome.
Other names for cohort studies include longitudinal, prospective, and incidence.

Case-control studies start with people who have the outcome of interest (cases) and another group which does
not (controls), who otherwise are as similar as possible, and looks backwards in time to determine the
frequency of exposure in the two groups to some factor deemed important to developing the outcome of
interest. Another name for a case-control study is retrospective.

The most important scientific disadvantage of observational studies is that they are subject to great many more
potential biases than are experiments, especially related to sampling, selection and measurement.

Fletcher, RH. Clinical epidemiology: The essentials/ RH Fletcher, SW Fletcher, EH Wagner. 3rd ed. Williams
& Wilkins, Baltimore, 1996, Chapters 5 & 10.

Addendum 2 Hierarchy of Evidence
From Guyatt et al, the grades of recommendations are for a specified level of baseline medical risk:
Al - RCTs, no heterogeneity, ClIs on one side of threshold NNT
A2 - RCTs, no heterogeneity, Cis overlap threshold NNT
B1 - RCTs, heterogeneity, CIs on one side of threshold NNT
B2 - RCTs, heterogeneity, Cls overlap threshold NNT
C1 - Observational studies, CIs on one side of threshold NNT
C2 - Observational studies, Cls overlap threshold NNT
[RCT= randomized control trial, CI= confidence interval, NNT= number needed to treat; se¢
reference for details].
The lowest level of recommendation is for study designs that have the greatest potential for bias.

Guyatt GH et al; User’s guide to the Medical literature, IX. A method for grading health care
recommendations. JAMA 1995; 274:1800.
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Addendum 3 Sampling
Populations are large groups of people in a defined setting or with a certain characteristic. A sample is a subset
of a popluation and is selected from the population (a process referred to as sampling). Clinical research is
ordinarily carried out on samples, and the population characteristic of interest is for practical purposes estimated
from use of a representative sample of the population. Bias in sampling is an important consideration. The
kinds of patients that are used in a trial determine the extent to which conclusions can be generalized to other
patients, or the population at large.
Patients in clinical trials are often a highly selected, biased sample of all patients with the condition of interest.
This is due to three main reasons:
1) Inclusion/exclusion criteria which are used to restrict heterogeneity of patients and to improve the
chances of patients completing the assigned treatment. As heterogeneity is restricted in this way, the
internal validity of the study is improved as there is less opportunity for variation in outcome that is not
related to the treatment. Exclusions come at the price of diminished generalizability because
characteristics that exclude patients will occur commonly among patients ordinarily seen in clinical
practice.
2) Patients can refuse to participate because they may not want a particular type of treatment or to have
medical care decided by someone unfamiliar to them. These patients are likely to be systematically
different from those who agree to participate relative to socioeconomic class, severity of disease or
condition, or some other health-related problem.
3) Patients thought to be unreliable or thought to not follow trial ground rules are usually not enrolled.
This avoids wasted effort and the reduction in internal validity that would occur if patients moved in
and out of treatment groups or out of the trial altogether.

Related to the above are sampling approaches used for questionnaires that share procedural concerns relative
to bias for general sampling methods.
1) Sample of convenience - works well as long as the sample is large and includes a high percentage
of the study population; one of the most commonly-used approaches that lends itself to much bias and
is criticized by behavioral science researchers.
2) Random sample - valid as long as the sample is quite large and the selection process uses a true
random approach; this emphasizes random assignment as well as random selection dimensions.
3) Self-selection/volunteers - since the types of persons who choose to participate have been shown to
differ from others this process is prone to more bias; these individuals are more educated, have a higher
occupational status, a high need for approval, high IQ, and are low in authoritarianism.
4) Density sampling - conducts samples from incident cases over a specific period of time where
sampling and assessment of controls is done through the entire study to reduce bias by constant sampling
of both subject and controls instead of using a cross-sectional approach.
5) Miscellaneous other approaches; blanket survey, stratified sample, and quota sample.

Timmreck TC, An introduction to Epidemiology, Jones & Bartlett Publishers, Boston, 1954, pages 238-241.
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Addendum 4 Comparisons
The value of a treatment can only be judged by comparing its results to those of some alternative course of
action. The question is not whether a point of comparison is used, but how appropriate it is. Results among
patients receiving an experimental (new) treatment can be measured against one or more of several kinds of
comparison groups:
1) No intervention - Comparing treatment with no treatment measures the total effects of health care,
both specific and nonspecific.
2) Observation - Do treated patients do better than patients who are simply observed? People have a
tendency to change their behavior because they are the target of special interest and attention in a study,
regardless of the specific nature of the intervention they might be receiving. This phenomenon is called
the Hawthorne effect. Thus comparison of treatment with simple observation measures treatment effect
over and above the Hawthorne effect.
3) Placebo - Do treated patients do better than patients given a placebo, an intervention indistinguishable
from the active treatment but without any known mechanism of action? It has been demonstrated that
placebos can be effective for about 1/3 of patients.!’ The value of the placebo effect may differ for
researcher or clinician, however many clinical interventions have both specific (true treatment) and
nonspecific (Hawthorne, placebo, and other) effects.
4) Usual treatment - Do patients given the experimental treatment do better than those receiving usual
treatment? This is the only meaningful (and ethical) question if the usual treatment is already known
to be efficacious.

Fletcher RH, Fletcher SW, Wagner EH: Clinical Epidemiology, The essentials. Williams and Wilkins,
Baltimore, 1996, Chapter 7.
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Addendum 5 Controls
Trials are called uncontrolled if they specifically describe the course of disease (or condition) only in a single
group of patients who have been exposed to a particular intervention of interest. What is wrong with assessing
the effects of treatment by comparing clinical courses in patients before and after treatment? The results can
be misleading for several reasons.
1) Unpredictable outcomes - In situations where the clinical course is extremely variable for a given
patient and from one patient to another, assessing treatment effects by observing changes in the course
of disease after treatment is unrealistic.
2) Nonspecific effects - As mentioned above, patients may respond to the special attention they receive
as part of a study and there is no way of separating out this (Hawthorne) effect from treatment effects
in uncontrolled trials. Also, as shown by placebo use, there can be other non-treatment specific effects
at play in patient response. If there are control patients who receive the same attention as the treated
ones, then these nonspecific effects cancel out in the comparison.
3) Regression to the mean - Patients selected for treatments because they represent an extreme value
in a distribution are likely, on the average, to have lower values for later measurements. If the normal
course of response for a disease or condition is to regress toward more normal values (the mean), then
treatment provided may mistakenly be considered effective when the true effect is due to this regression.
Regression is another reason why using patients as their own controls can be misleading for some
outcomes.
4) Predictable outcome - (Related to the above, but more directed to disease course improvement instead
of a laboratory or prognostic test value regressing to more normal levels) If the usual course of a
disease is to improve, then therapeutic efforts may coincide with improvement but not cause it.
Controls, therefore, have an important role in establishing whether treatment effects are due to treatment-
specific effects or nonspecific effects. The extent to which controls are used can vary. For many clinical
questions, it is not possible nor practical to rely on a RCT. Compromises with this ideal include making
comparisons to experience with past patients, to past experience with the same patients, or to a concurrent
group of patients who are not randomly allocated. When these compromises are done, the internal validity of
the study is weakened.

Fletcher RH, Fletcher SW, Wagner EH; as above, Chapter 7.

Addendum 6 Blinding

Participants in a trial may change their behavior in a systematic way (i.e., be biased) if they are aware of which
patients receive which treatment. One way to minimize this effect is by blinding, an attempt to make various
participants in a study unaware of which treatment patients have been offered, so that the knowledge does not
cause them to act differently. This protects the internal validity of the study.

Blinding can occur at 4 levels; at the time of treatment allocation the individual should not know which
treatment will be assigned next, the patient should not have knowledge of which treatment was administered,
providers should not know which treatment was offered, and those assessing the outcomes should not be aware
of which treatment was offered. For many important clinical questions, such as comparative assessments of
prosthodontic options, blinding of patients and providers is not easily accomplished.

Fletcher RH, Fletcher SW, Wagner EH; as above , Chapter 7.
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Addendum 7 Questionnaires

Questionnaires are frequently used to determine patient-based outcomes. The development of such measurement
"instruments” is a structured process to assure that it is measuring what it intends to measure, termed validity,
and that it can accomplish the measure in repeated applications, termed reliability. Such instruments used in
clinical practice and research have three basic purposes: to discriminate among individuals along a continuum
of health, illness, or disability; to predict outcome or prognosis; and to evaluate within-person change over
time. Patient satisfaction, quality-of-life, or patient preference type of data are examples of outcomes that must
be shown to have undergone validity and reliability testing before the results can be accepted. If such an
instrument is to be used longitudinally it also needs to have the characteristic termed responsiveness, which
means that it is responsive to change over time which is determined to be clinically significant in it’s extent.
A suggested format for constructing an index or questionnaire to evaluate quality of life includes: selection of
the item pool, reducing the number of items, choosing the response options, and determining reproducibility
(reliability), validity, and responsiveness. If scientifically rigorous approaches to questionnaire development,
selection, and administration are used, the results will be valid and credible to the scientific community.

Jaeschke R, and Guyatt GH: How to develop and validate a new quality of life instrument. in, Quality of Life
Assessment in Clinical Trials, ed. B. Spiker, Raven Press, Ltd. New York, 1990, Chapter 5.

Addendum 8 Multicenter Trials

When a novel treatment or procedure is introduced to the medical community, results from a single source
provides a measure of success limited to the number of providers and sampled patients. To strengthen the
results from the standpoint of universal application and benefit (i.e., usefulness), combining the efforts of
multiple providers at different locations serving geographically and culturally diverse populations adds to the
strength of the study results. Along with the advantage of efficiently increasing the sample size, this is the
strategy for multicenter trials.
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Addendum 9 Negative trial concerns for sample size

Negative trials- when a trial comes to the conclusion that neither treatment is better than the other, the question
should be asked if the results are due to chance alone? Is it likely that the result of no difference is in fact
untrue, and the treatments actually differ? When this is the case, it is referred to as a false negative finding,
also called a B (beta) or type II error. The risk of false-negative results is particularly large in studies with
relatively few patients. Beta error has received less attention than false positive error due to numerous reasons.
However, regardless of the reason for not considering the probability for false negative error, it is the main
question that should be asked when the results of a study indicate no difference.

When such a study result is seen, the likelihood that a B error exists depends on four characteristics:

1) the magnitude of the difference in outcome between treatment groups,

2) the nature of the study’s data,

3 & 4) the probabilities for both « (false positive) and 8 errors.

Effect size is important in that large numbers of patients are needed to detect small differences in treatments.
For outcomes expressed as continuous variables, power is affected by the degree to which patients vary among
themselves (the larger the variation among patients, the lower the statistical power). The customary manner
to protect against saying a treatment is effective when it is not (« error) is to establish an acceptable level of
risk (customarily 1:20 or 0.05) for making this type of error. The chosen risk for B error is another determinant
of sample size. Conventional 8 errors are much larger (0.20) than « errors, reflecting the higher value usually
placed on being sure an effect is really present when we say it is present.

When a study has reached the conclusion of no difference (a negative trial) and discussion is directed to an
analysis of the sample size which reveals that the sample had sufficient power to detect a difference, then the
reader should be less concerned about false negative error.

Fletcher RH, Fletcher SW, Wagner EH; as above; Chapter 9.
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Addendum 10 Cross-over designs

Cross-over designs in clinical trials have their genesis in pharmacological studies. The universal appeal for
such a design includes the reduced costs due to the need for fewer patients and the decreased statistical variance
because of the seemingly identical groups. Concern exists for carry-over effects from one treatment to the
other on physiological, pharmacological, or psychological outcomes being measured. A washout period is
required to remove the potential for such carry-over effects and has as the objective to return the patients to
a baseline parameter level. This design is generally used with great caution in medicine.

Feinstein, AR. Clinical Epidemiology, The Architect of Clinical Research, WB Saunders, Philadelphia, 1985,
pg 695.

Addendum 11 Split-mouth designs

The split-mouth design used in dentistry subdivides the mouth into experimental units that are considered
comparable as independent baseline units. As comparisons are made within the same patient, it is anticipated
that variability would be less than that for studies where the patient is basic unit of comparison. A potential
disadvantage is that treatment performed in one part of the mouth can affect treatment in other parts of the
mouth, a phenomenon referred to as carry-across effect and similar in principle to the cross-over design
concern for carry-over effect.’” Unless disease (or condition) characteristics that are important to the outcomes
are symmetric in subdivided unit distribution, whole-mouth clinical trials may be preferable.”

Brunette DM, ed Critical thinking, Understanding and evaluating dental research. Quintessence, Chicago,
1996, Chapter 15.

Addendum 12 Censored data

Data lost to follow-up is termed censored data. Censoring is an important consideration because it is not known
whether censored patients experienced continued good outcomes or developed adverse outcomes (and decided
not to come for evaluation). Therefore, the true effect they would have had on the study outcome is not
known. Examination of data for censoring is often done by life table analysis. Another simpler method is to
determine worse/best case impact on the existing data. For the data in the Steflik study, the 2 lost implants
can be considered successes or failures, and a range of success rates from 19/23 = 83% (best case) to 17/23
= 74% (worse case) can be computed to provide the reader with a more complete understanding of possible
outcomes.
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DENTAL IMPLANTS AND THEIR BIOLOGICAL INTERFACES
THE SOFT TISSUE-IMPLANT INTERFACE

Overview

The predominant biological considerations in endosseous implant dentistry have focused on the
bone-to-implant interface, since predictable implant anchorage requires the implant to directly contact the
bone tissue.

Through initial studies in dogs, Branemark (4,53) et al. recommended the following as prequisites
to achieve osseointegration predictably: 1) biocompatible material; 2) low-trauma surgery with low-
temperature drilling; 3) primary implant stability; 4) non-loaded healing phase; and 5) submerged
(submucosal) placement of implants, thus excluding soft tissue contact with the implant. After an initial
healing period, a second stage surgery was performed to insert another implant component. The
significance of the resulting connection gap between implant and abutment at or below the alveolar crest
is presently not well understood, but is an area of current research interest.

Schroeder et al. (54) described a non-submerged technique of placing endosseous implants, i.e.
the implant extended above the bone and through the soft tissues at the time of initial placement. It is
clear today that both submerged and non-submerged approaches can be successful, as many papers
have now been published which document long-term success.

Transmucosal structures in the oral cavity, such as teeth and implants, must penetrate the soft
tissues, comprised of gingival connective tissue and gingival epithelium. This ensures the integrity of the
integument by forming a seal between the inside of the body and the outside environment. Thus, the
implantogingival tissues, by definition, serve a similar barrier function as dentogingival tissues, and the
integration of the implant necessitates the integration of all three types of tissues - bone, soft connective
tissue, and epithelium. When seen as a barrier, it is important to consider the soft tissues surrounding
implants in two aspects: (1) the morphology (structure) and, (2) the physiological function of the
implantogingival junction. Most studies to date have examined the morphology of the soft tissues around
the implant.

An early study in monkeys described the soft tissue contact with various implant surfaces around
30 non-submerged implants (54). Implants placed in attached keratinized mucosa with minimal
inflammation had connective tissue located between the bone and epithelium. The connective tissue
contained many fibers with few inflammatory cells. Collagen fibers were in intimate contact with the implant
post and ran between the implant and mucosa at the LM level. Evidence was described for a “... true
adhesion of the epithelium to the implant ..", i.e. no space or gap was seen between the epithelium and
the implant. Scanning electron microscope (SEM) analysis indicated that the connective tissue contact
with the titanium plasma-sprayed surfaced implant was composed of a fibrous layer of interwoven fiber
bundles firmly adherent to the surface of the implant. At this level, and against the rough surface, the
fibers appeared to be functionally (more perpendicularly) oriented. SEMs also revealed epithelium with
intercellular junctions and desmosomes. Hemidesmosomes were not observed in the sections of the
rough surface, but the investigator acknowledged the technical difficulties in visualizing the titanium
plasma-sprayed-epithelium interface. A basal lamina was observed between the epithelium and the
titanium plasma-sprayed particles with microvilli from the epithelial cells extending into the layers of the
basal lamina. A conclusion of this study was that the fine ultrastructure of the epithelial cells adjacent to
the implant was not significantly different from that of other epithelial cells, and suggested that the cells
were not influenced by the titanium.

In a review article that compared periodontal tissues to peri-implant tissues, periodontal ligament
tissues were discussed, as was the question of why periodontal ligament was usually not found around
endosseous implants (61). It was suggested that the lack of cementum was not due to an inability of
cementum to form on titanium, but that it was due to a lack of cementum progenitor cells in the implant site.
Cementum progenitor cells appeared to be derived from periodontal ligament, so without this source of
cells, a ligament could not form around an implant. In interesting examples that reinforced this concept,
three publications demonstrated that if an implant was placed adjacent to a root tip, an attachment
apparatus similar to that around teeth was found (62-64). This was attributed to the fact that progenitor
cells from the periodontal ligament were present, became stimulated, and formed cementum and
periodontal ligament proper on the titanium surface. This was a particularly intriguing finding in



Periodontology, as it suggested that the substrate, i.e. the surface, was not the critical factor for the
formation of periodontal ligament. At present, the desirability of an endosseous implant with a periodontal
ligament is unknown. Experiences with fibrous encapsulation should not, however, be used as an
analogy, since periodontal ligament with Sharpey's fibers is a functional structure and fibrous
encapsulation is not.

Other studies confirmed the findings above (65,66). For instance, an examination was made of
the mucosa in dogs around submerged Astra implants that had abutments placed four months after
implant placement (67). The investigators found that the surrounding mucosa was similar to that around
teeth. The soft tissues consisted of a collagenous stroma below a stratified squamous epithelium. Apical
epithelial migration was not observed. The epithelium was arranged as a collar and consisted of multiple
layers of flattened cells joined by desmosomes parallel to the implant surface with a relatively straight
basement membrane. At the electron microscope (EM) level, there were typical cellular features including
mitochondria, rough endoplasmic reticula, Golgi complexes, and tonofilaments. The outer implant
epithelium was a keratinized, stratified squamous epithelium resembling masticatory oral mucosa. Rete
pegs and an undulating interface with connective tissue papillae interdigitated with the epithelial ridges.
All basal epithelial cells were connected to the basement membrane with hemidesmosomes. Dense
bundles of collagen ran in different directions in the connective tissue. Inflammatory cells, such as
polymorphonuclear leukocytes and plasma cells, were observed in addition to the connective tissue
fibroblasts. The authors stated that the technical difficulties in preparing the specimens prevented more
detailed information in this paper regarding the soft tissue-implant interface. This was due to their need to
dissect the soft tissues from the implant interface in order to prepare the tissue for examination by electron
microscopy.

The vascular topography of the soft tissues around teeth and implants was compared in two
beagle dogs (68). Around teeth, the vascular supply was derived from supraperiost<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>