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In de onderkaak kan het aanbrengen van attachments ter verhoging van de retentie
van een overkappingsprothese in het algemeen als "overtreatment" worden aangemerkt.
Il
Het verdient aanbeveling patiënten met een volledige overkappingsprothese driemaandelijks onder controle te houden.
III
Indien de gezondheidstoestand van de patiënt het toelaat dient het extraheren ten behoeve van een immediaatprothese niet in fasen te geschieden, maar onmiddelijk voorafgaande aan het plaatsen.
IV
Het uit economische of psychologische overwegingen achterwege laten van zi|elementen achter de Ie premolaren en het in plaats daarvan aanbrengen van kunstharswallen bij immediaatprothesen is een kunstfout. Het is van belang dat juist in de
eerste fase na de extracties geen onnodige aanslag op het kaakbot wcirdt gepleegd door
een te lage kauwefficiëntie.
V
Overkappingsprothesen zijn minder kostbaar dan vaak wordt gedacht. Indien op den
duur de pijlerelementen het begeven behoeft zelden een geheel nieuwe prothese te
worden vervaardigd. Een eenvoudige rebasing is meestal voldoende om de bestaande
vervanging tot een volwaardige volledige prothese om te vormen.
VI
Natuurlijke wortels zijn natuurlijk beter dan implantaten.
VII
De trend om de bevoegdheid tot het behandelen van edentate patiënten ook aan niettandartsen te verlenen berust behalve op politieke overwegingen vooral op de primitieve opvatting dat de behandeling van deze groep patiënten uitsluitend technische
vaardigheid vereist.
VIII
Het beoordelen van een behandelplan met behulp van studiemodellen en röntgenfoto's alleen, heeft nauwelijks zin. Ze verstrekken slechts partiële informatie en geven
geen beeld van het kauwstelsel als een eenheid; nog minder zeggen ze iets over de patiënt, zijn persoonlijke behoeften, zijn omstandigheden en gevoelens.

IX
Digitale beeldverwerking wekt zonder gestandaardiseerde röntgenopnamen onterecht de indruk van een grote betrouwbaarheid.
X

Het achterwege laten van röntgen-diagnostisch onderzoek op grond van de risico beleving van de patiënt zonder objectieve informatie over deze risico's te verschaffen,
houdt misvattingen hierover in stand.
XI
In het vakgebied preventieve tandheelkunde heeft de preventie van kaakresorptie tot
nu toe nauwelijks aandacht gekregen.
XII
Staatssecretaris Van der Reijden zegt met de term zelfstandigheidsbevordering van de
patiënt aan te willen geven: "Het bevorderen van het meedenken en meewerken van
de patiënt". Wat hij niet zegt is dat hij bovendien bedoelt het meebetalen door de patiënt aan vroeger geheel automatisch verzekerde verstrekkingen.
XIII
Alleen een promotor kan zich veroorloven slechts op stellingen te opponeren zonder
de verdenking op zich te laden het proefschrift niet gelezen te hebben.
XIV
Er is tenslotte ook nog een gunstig aspect aan de kaakresorptie: door de meerdere
ruimte die beschikbaar komt, wordt het opstellen van de kunstelementen gemakkelijker. Het klagen over "ruimtegebrek" bij het opstellen van de prothese is dan ook bijna altijd onterecht.
XV
De Pharoa mijtziekte die de Nederlandse bijenteelt bedreigt moet niet met chemische
middelen maar met een betere bedrijfsmethode worden bestreden.
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CHAPTl'R 1

INTRODUCTION AND AIMS
Extreme reduction of the residual ridge, especially in the mandible may present serious problems both for the patient and the dentist. This reduction can
be so severe that in the end not enough support is available for an adequate
lunctioning of the denture. The best way to prevent this situation is the preservation of the natural dentition. Many authors stressed that even preserving
a tew loose teeth can be useful in preventing ridge reduction. This led to the
so-called overdenture therapy. However, a well documented study to confirm the expected benefits of this therapy had never been carried out. Therefore it was decided to investigate the ridge reduction in a clinical experiment.
One of the aspects of ridge reduction is the decrease of bone height. In order
to follow this reduction in height of the mandibular alveolar bone in the anterior part and both lateral parts as well, an accurate and reproducible measuring method is required. Since such a method was not available a reliable measuring method had to be developed.
When studying living subjects three methods of investigation are possible:
1. Taking direct measurements in the mouth of the patient.
2. Indirect measurements on a series of models. These models can be sectioned and the profiles can be measured.
3. A recording method using radiographic techniques.
Since the thickness of the soft tissues overlying the alveolar bone vanes even
daily, measurements as mentioned under 1. and 2. cannot be expected to be
very reliable. In addition it seems difficult to standardize the measuring
method v. hen the soft tissues are included. The radiographic method (3) was
therefore expected to give the most reliable values. A combination of radiographs and models may be meaningful as well, but this will not be the subject
of this thesis.
A radiologie technique which guaranteed the required accuracy (see chapter
3) was not available. An attempt was made to standardize the oblique cepbalometric technique. A positioning device was developed to meet this requirement (chapter 4). Chapter 5 shows the calculations made to determine the
geometric error of this radiographic technique. A pilot study was started to
obtain an estimation of the total error when comparing the measurements
from tracings of two radiographs of selected areas of the mandible. This pilot '
study is described in chapter 6.
i

Once the measuring method had been developed and the accuracy was found
to be satisfactory, a clinical experiment was executed to find an answer to the
question: "Can a difference be found in the rate and the pattern of the ridge
reduction of the mandible between patients wearing complete dentures and
13

those wearing overdentures?" Chapter 7 gives an introduction to this clinical
part, the experiment itself is described in chapter 8 and the results are given in
chapter 9. This thesis ends with a retrospective and prospective view resulting
in recommendations for further research.

14

CHAPTER 2

RESIDUAL RIDGE REDUCTION
2.1. Introduction
After the extraction of teeth the alveolar ridge remains subject to bone
formation and bone breakdown. These remodeling processes will generally
result in a net loss of bone and a decrease of the residual ridge both in height
and in width. The term "residual ridge" is, however, generally used to
indicate the shape of the clinical ridge including the overlying soft tissues.
Atwood (1962), Atwood & Coy (1971), Carlsson et al (1967, 1970), Tallgren
(1967, 1972), Nicol et al (1979) and many other investigators have shown that
the amount of bone loss varies individually (Fig. 2-1). They also demonstrated
that the rate of resorption does not progress smoothly, but varies and can be
characterized by a period of rapid loss shortly after extraction, followed by a
continued decrease at a lower rate. The reduction mainly takes place in the
mandible. From vertical measurements on lateral cephalometric radiographs
it appears that the average reduction of the frontal area of the mandible is
four times as large as in the maxilla (Fig. 2-2). This was demonstrated for the
first time by Tallgren in 1957.

Fig. 2-1. The wide
variability in ridge
reduction is shown
in these five
individuals (after
Atwood, 1971).

Over a period of seven years following extraction she found (1967) a mean
loss of height of 0.9 mm/year in the mandible. This value seems very high
but the average is strongly influenced by the considerable bone loss during
the first 12 months after extractions (average 2.25 mm). In a mixed
longitudinal investigation Tallgren (1972) also demonstrated that even after
25 years, complete stabilization had not taken place.
15

Fig. 2-2. Vx
average vertical
reduction (a-b) in
the antenor region
is four times as
large in the
mandible as in the
maxilla.

2.2. Changes of the residual ridge with age
Alveolar bone is usually presumed to be a tissue which largely depends on the
presence of teeth. The dentition provides the direct inductive stimulus
required for the formation and for the subsequent long term maintenance of
the alveolar bone. Conversely, loss of alveolar bone can be expected after the
loss of teeth.
Kistologically the mandible and the maxilla have an outer compact cortex
and an inner less dense trabecular medulla. The cortex usually consists of
outer periosteal lammellae, a middle portion of Haversian systems (osteons),
interstitial lamellae, and an inner endosteal, more porous portion which
merges into the medulla. In ageing people there are, besides the reduction in
the shape of the ridge as mentioned before, also degenerative changes in the
bone and the soft tissues.
Nedelman et al (1978), who investigated residual ridges of aged human
individuals after death, observed that the cortical plates at the basal portion of
the mandibles of women were thin and the outer periosteal lamellae were
absent. The medulla contained only isolated bony spicules concentrically
located close to the inferior nerve and vessels. The medulla was almost
completely filled with adipose tissue. The edentulous mandibles of men
exhibited a much lesser degree of degeneration. The cortical plates were
thick •: and the medulla contained more trabeculae. However, bone
resorption was still going on, as osteoelasts were found adjacent to the edges
of the persistent trabeculae.
The edentulous maxillae of women showed only thin cortical plates which
were frequently interrupted. The spongiosal trabeculae were very sparse and
the enlarged marrow cavities were filled with adipose tissue. The maxillae of
men also exhibited osteoporosis but to a lesser degree.
In contrast with osteoclastic activity, bone formation depends upon a
constant and critical supply of nutrients for the production of osteoid matrix
and its subsequent mineralisation. Whether these vital nutrients reach the
16

tissues depends on the vascularisation of the mandibular ridge, which is
provided by the mucoperiosteum as well as the alveolar bloodvessels,
branches from the arteria alveolaris mandibularis. In an angiographical
investigation using fresh human cadavers and carotid angiograms from living
patients, Bradley (1972, 1975) found that with increasing age the blood supply
changes. Due to arteriosclerosis or other causal factors the blood supply
through the arteria alveolaris mandibularis is minimized. This is not only
found in elderly people, but also in the age-range of 20-30 years. Even in this
age group Bradley found alterations of this important artery in 50% of the
subjects.
Barrett et al (1969) studied biopsies to investigate the integrity of the terminal
blood vessels. They postulate: "If the capillary wall is too thick, then the
transfer of nutrients from blood to bone is poor, which contributes to bone
loss".
Nedelman et al (1978) observed arteriosclerosis of the larger vessels, which
was sometimes so severe that the lumina were almost completely obliterated.
The arterioles and venules showed hyalinization.
Due to the above mentioned vascular alterations the condition of the overlying soft tissues may be more susceptible to injury by trauma. In an ideal
situation, these soft tissues should be firmly bound to the underlying cortical
bone, should contain a resilient layer of submucosa and should be covered by
keratinized mucosa. The presence of keratinized mucosa enables the tissues to
resist stress more adequately, whereas the resilience prevents mechanical impingement of the mucosa between the denture base and the underlying bone.
From a prosthetic point of view it is considered ideal if the layer possesses an
equal resilience and thickness all over the supporting bone.
Already in 1935, Pendleton and Glupker stated: "The stress of mastication
should be distributed according to the natural characteristics and qualities of
adaptability presented by the tissues. The dense fibrous tissues are suited by
nature to withstand the greatest burden during function. The highly vascular
tissues must be protected from excessive stresses".
Jacobson et al (1983) introduced the term "hydrolic cushion" for the fatty
and glandular submucosa. In some parts of the ridge no distinct submucous
layer exists, but at these places the mucosa is fixed to the periosteum by connective tissue of the lamina propria. Those places, which possess no hydrolic
cushion are very susceptible to injury and should therefore be relieved.
Al-Ani et al (1966), Hickey et al (1980) and Nedelman et al (1978) reported
that the mucosa of the basal seat appears to be modified by the wearing of
dentures, which is evidenced by epithelial thinning. Opposed to this, at least
two papers suggest an increase in keratinization with denture wearing (Kapur
et al, 1963 and Razek et al, 1978). Dentists have speculated on the possibility
that the mucosa could respond to mechanical trauma within physiological
limits, in a manner analogous to the reaction shown by palms of hands and
soles of feet (Tautin, 1982). Van Mens et al (1975) found in a longitudinal
study over a period of four years that the denture-bearing palatal epithelium
did not show changes in mean thickness in comparison with the epithelium
of non-denture wearers but they noticed that the mitotic index in denturebearing epithelium was three times higher. They concluded that an increase
17

of the turn-over of the cellular population is induced by the presence of the
denture base.
The changes in the connective tissue of aged individuals are investigated on
biopsies and are described in another article of Nedelman et al (1970). The
thin bundles of collagen irregularly arranged in young adults change to very
regular compact bundles of fibers in older persons. Changes are also found in
the ground substance together with a dehydration of the connective tissue.
These changes influence the physical properties of the submucosa leading to a
change in the response to mechanical trauma. This phenomenon was studied
by Kydd et al (1974). The tissue in elderly persons needs many hours to
recover from insults even of moderate mechanical force, whereas the denture
bearing tissues of young adults need only a few minutes for complete recovery (Fig. 2-5). A striking observation was made by Love et al (1967) who
described that young adults were associated with more severely inflamed
tissue and papillary hyperplasia than elderly people. An explanation may be
that older persons have a greater tendency to remove their dentures at night
and they burden their tissues to a lesser degree.

bO-

fig. 2:1
Comparison o)
response to tissue
loading and
removal oj load in
elderly and young
people fa/ter Kyd et
al, 1974).

2.3. Mechanical forces acting upon the alveolar bone
The nature, magnitude and duration of physical forces acting upon bone hasbeen regarded by most investigators as basic etiologic factors of bone
remodeling. Ackerman et al (1966) and van Willigen (1982) stated that
deposition of osteoid tissue will take plrce in areas of continuous or
intermittant tensile forces. These tensile forces are considered as a stimulus
for bone formation, while pressure forces induce resorption. Remodeling of
alveolar bone is also influenced by this combined action.
The basic problem in the treatment of edentulous patients can be considered
to be the difference between the transmission of masticatory force by natural
and artificial teeth upon the supporting bone. In case of natural teeth the
is

Fig. 2-4. No tensile
forces, only pressure
is transmitted to
the alveolar bone
by the dentures.

pressures exerted by chewing, swallowing etc. are converted by the periodontal membrane into tensile forces. With artificial teeth this conversion
does not take place. Only pressure forces are transmitted onto the bone,
being responsible for its reduction (Fig. 2-4). Campbell (1960) and Jozefowicz
(1970) demonstrated this phenomenon. They also found that denture wearers
show a higher degree of ridge reduction than edentate non-denture wearers.
The activating influence of tensile forces is clearly shown in patients with
mutilated dentitions without prosthetic appliances. Here the sometimes
considerable ridge reduction of the edentulous pans cannot be the result of
pressure forces, but can only be explained by a lack of tensile forces. Remarkable is the observation that in the immediate vicinity of the remaining teeth
the alveolar bone resorption is much less. The tensile forces through the
periodontal membrane of the neighbouring teeth obviously have a certain
range of effectiveness.
From the preceeding it becomes clear that prosthodontists should be aware
of the mechanical forces as a dominant etiologic factor in ridge reduction.
Poorly fitting dentures, imperfect occlusion, inadequate chewing efficiency
and parafunctions are excessive, detrimental forces. All these negative factors
stimulate reduction, although some of them are also caused by this reduction.
To stop this vicious circle in the process of reduction periodical visits to the
dentist are necessary for all denture wearers.
Another measure could be to limit the wearing-time of the complete denture,
as it is supposed that this reduces the total amount of force on the
residual ridges. Especially in connection with parafunctional activities this is
effective. Bergman et al (1971) recommend removal of dentures at night to
patients who evidently clench their teeth. Figures of these forces are not
available but in contrast with the functional forces they are effected during
19

prolonged periods of time. During sleep they can be extremely strong, because the defending neuro-musculair feed-back mechanism b partially disconnected (Buchner, 1968). Thomson (1968) and Yemm (1972) suggest that these
habitual tooth contacts are a frequent cause of soreness of the denture-bearing
mucosa. Whinery (1975) stated that the paralunctional forces can also lead to
extreme resorption of the alveolar bone. As many patients are ignorant of having such habits, the advice to remove the dentures at night should not be
restricted to -he group of which parafunetions are known. Carlsson and
Persson (1967) found that the decrease in the height of the mandible in patients who wear their complete dentures day and night compared with those
who wear their dentures only during the d y was significantly higher. From
this it is obvious that in denture construe sen special attention must be paid
to measures which reduce the burden of the tissues. In this respect two factors
aie important: the base of the denture and the masticatory performance.
1. Starting from a given force, a larger dentu.x base exerts proportionally less
pressure on the supporting tissues (snowsnoe effect). Impression techniques to obtain a maximum of denture bearing area are promoted by Nagle
and Sears (1962), Collet (1965) and Flögel (1983).
2. A high masticatory performance is important, uecause this factor influences the pressure exerted on the residual ridges. The opposite proves not to
be true, for according to Kapur et al (1964) the masticatory effectiveness of
dentures is not influenced by the extension of its base, except in extreme
cases.
Although there is no evidence from clinical trials many dentists believe that
horizontal forces may cause greater damage to the supporting tissues than
vertical forces.
Furthermore, horizontal forces dislouge dentures easily or, if they do not,
cause excessive pressure upon the tissues. Thus, for several reasons it may be
better to avoid these forces. This led to the development of the so-called
mechanical concept (Sears, 1928, 1952; Hardy, 1951 and Jones, 1972). One of

Fig. 2-5. Exitmplv of
mm-unatomic teeth
with mciul iUser's
to improve the
chewing efficiency.
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the rules of this concept is the use of zero degrees artificial teeth. However, an
opposite effect of these teeth is caused by their low chewing efficiency. This is
clearly demonstrated by the study of Woelfel et al (1976), who compared
mandibular reduction in patients with different posterior ocdusal forms.
Therefore, numerous investigators e.g. Hardy (1951), Sears (1928, 1952),
Kapur (1965, 1973), Levin (1977), Sosin (1961) and Shiba et al (1981) have
carried out pioneering work to improve the chewing efficiency of these nonanatomic posterior teeth (Fig. 2-5).
2.4. Rate of reduction
The rate of reduction of the residual ridge varies considerably, both in time
and individually and depends on the number of extractions. In many cases
only six lower frontteeth are left and the patients are then provided with a
distal-extension partial lower and a complete upper denture. When the lower
anterior teeth occlude to the frontal region of the upper denture a fast reduction of bone can be seen in the anterior part of the maxilla. The degenerative
changes in these patients consist of more than loss of bone only; flabby ridges
and papillary hyperplasia often occur.
For the prosthodontist it is important to have an idea about the rate of resorption to be expected. Only clinical observation after earlier extractions
may give some information. The presence of a high well-rounded ridge many
years after extraction indicates a favourable prognosis. On the other hand the
formation of a knife-edge ridge within a relatively short time interval shows
an unfavourable prognosis. The positive and negative factors which influence
this rate have been discussed by a large number of authors. Van der Kuy
(1981) und de Koomen (1982) have recently reviewed the existing literature
extensively. From a dental point of view the mechanical factor is considered
to be the most dominant (Ke)sey, 1971). However, the following factors may
also be important:
1. Race, sex and age
2. General health
3. Pre-extraction periodontal status
4. Surgical technique
Ismail and Sassouni (1968) found that the rate of reduction was slower among
Negroids than among Caucasians. They also found that the rate of reduction
was slower in men than in women. This in contrast with the findings of
Atwood and Coy (1971), and Mercier et al (1979) who found slightly more reduction in men than in women. They all agreed that the values are slightly
higher in younger subjects, but these findings were not significant. Based on
the knowledge that with advancing age bone loss increases, especially in menopausal women (Heaney et al, 1978 and Lips et al, 1983), we would expect a
positive correlation between age and ridge reduction.
From biological studies we know that many metabolic functions such as the
hormonal and enzymal systems, the pH, the vitamins and the minerals influence the processes of bone resorption and bone formation (Bays et al, 1982;
Mercier et al, 1981). Usually a certain equilibrium exists in the healthy adult
patient. If this balance is disturbed, ridge reduction may occur. Therefore the
patient's health (Chesnut et al, 1982) and also the nutrition, especially in
21

elderly people, is important. Massler (1979), Miller and Ringsdorf (1979),
Ramsey (1983), and Wieal (1983) indicate a variety of factors responsible for a
mineral deficiency in ageing people. The most important ones are; lack of calcium intake as well as lack of calcium absorption (Wical et al, 1979; Mercier et
al, 1981; and Ramsey, 1983). Massler explains this in the following way: The
secretion of stomach acid, essential for the absorption of all minerals, is greatly diminished during middle-age and often becomes inadequate in old people.
Therefore, even from calcium rich - and easily digestable food such as milk
and milk products, not enough of this mineral can be absorbed, unless the
milk is acidulated prior to ingestion. In an attempt to convince elderly patients to alter their dietary intake Barone (1965 and 1978), Baxter (1981) and
Massler (1979) recommend among other things a supplementation of the diet
with yoghurt or cottage cheese and thick vegetable soup once a day. A supplement with vitamin D has LO be taken into account for those people who
are not able to enjoy the sunshine on their skin (Heaney et al, 1982).
Dentists generally believe that there is a relation between resorption and the
pre-extraction periodontal status, but in a study by Carlsson and Ericson
(1967) no significant relation was observed. This is probably due to the fact
that this parameter is determined by at least two main factors; the general
health of the patient (intrinsic factors) and local factors. The many local factors which are related to bone defects, e.g. irregular positioned teeth, teeth
with roots in close contact, teeth with grooves down the roots and in addition
plaque accumulation, are reported by Manson (1976) to be associated with
bone defects. Since in most cases of generalized alveolar bone loss both local
and intrinsic factors are involved it is doubtful if the so-called periodontal
status has prognostic value. The need for more differentiated parameters has
not been fulfilled yet.
From studies of Wictorin (1969) and Michael et al (1976) it appears that any
kind of bone surgery to correct the alveolar ridge must be avoided because
this will result in a strong acceleration of the reduction of the ridge for at least
six months. If extractions have to be performed, simple, bone respecting
tooth extraction without further surgery is to be preferred (Atwood, 1979).
2.5. Reducing ridge reduction
General measures to reduce ridge reduction consist of the care for a good
health, a well balanced diet ect. as described in paragraph 2.4. Besides that,
there are a few typical dental measures to prevent or reduce ridge resorption.
The most effective way is of course to keep the natural dentition in good
health. In case of mutilation prosthetic appliances should be supported by the
remaining teeth as much as possible. From this point of view the preservation
of a few teeth, even if little alveolar bone is left, should be considered. However, it is proved by experience that in such cases the prognosis is poor due to
the damage to the periodontium by the heavy horizontal jerking forces exerted by the partial denture. But when these teeth are reduced to a level just
above the mucosa the leverage is minimized, offering a fair chance that they
can serve many years as a support as well as for retention of a modified complete
denture; a so-called "overdenture" (Figs. 2-6 and 2-7). Crum et al (1978)

Fig. 2-6. Abutment
teeth of an
overdenture in the
maxilla. For three
years extraction oj
the 17 was
postponed, but until
now it still serves
as an abutment
tooth and keeps the
bone volume intact.

Fig. 2-7. Shortened
"weak" teeth to
support a
mandibular
overdenture.

demonstrated a significant reduction in the rate of bone resorption of the
anterior part of the mandibular ridge of overdenture patients compared with
complete denture wearers.
As mentioned before, it is generally accepted that tensile forces stimulate
bone formation in contrast with pressure forces, which stimulate bone
resorption. The reduction of bone resorption is probably influenced by the
maintenance of tensile forces and also by the limitation of pressure forces.
This can be explained as follows:
1. Pressure forces exerted on the abutment teeth are converted by the periodontal ligament into tensile forces on the surrounding bone.
2. The chewing forces will not only be exerted on the alveolar ridge, but also
on the remaining teeth, thus minimizing the total amount of pressure on
the edentulous ridge.
3. Better control over the applied forces through the neuro-muscular reflex
mechanism (Nagasawa et al, 1979). The majority of the receptors of this
system are situated in the periodontal membrane. After complete extraction these receptors are lost. Only a few situated in the mucoperiosteum
are left. Therefore, complete denture patients hardly have a noticeable
feed-back against a (non)physiologic load. The proprioceptors in the periodontal membrane of the few teeth of overdenture patients are sufficient to
maintain an adequate reflectory system (Mushimoto, 1981).
2i

4. The receptors in the periodontium are also responsible for a better control
of the food transporting mechanism, causing a higher chewing efficiency
which results in less masticatory force and a shorter duration of the
exerted forces (Rissin et al, 1978).
In the past few years another method of prevention has been introduced.
This method is based on two observations: firstly, the presence of rootfragments prevents the collapse of the vestibular and the lingual cortical plates
shortly after extraction, thus preserving the width of the alveolar ridge.
Secondly, root fragments accidentally left behind after extraction generally
remain in place for manv years without causing any pathologic reaction,
especially when they are situated below the level of the cortical wall. Casey et
al (1980), Dugan et al (1981) and Veldhuis et al (1982) grounded down selected
teeth just to the level of the cortical wall and covered them by suturing the
mucosa. The preventive value of leaving tooth jubstance was evident. However, in a longitudinal study they found dehiscences in 75% of the cases within
a period of two years. The value of this method is therefore still questionable.

Fig. 2-8. Part J'the
alveolar ridge of the
mandible of a
patient with a total
of six implants in
the incisor and
cuspid sod.jts
36 months after
implantation. The
presence of implants
has prevented the
collapse of the ridge
by acting as space
maintainers
between the cortical
plates of the ridge
(Courtesy Dr. H.W.
Denissen).

Artificial roots acting as space fillers of the sockets of extracted teeth, may
also prevent collapse of the bony cortical platr of the alveolar ridge (Lam,
1972 and Munch, 1981). Many different materials such as metals, plastics and
ceramics have been used as alveolar implants. The tissue response to most of
these materials is encapsulation, resulting in a fibrous tissue between alveolar
bone and implant. Sometimes the implant fails due to exfoliation.
Denissen (1979) found that it is possible to obtain a bond between alveolar
bone and artificial hydroxylapatite. Hydroxylapatite powder was sintered to
a dense but porous ceramic material that enables ingrowth of the surrounding
tissues (Figs. 2-8 and 2-9). This method proved to be valuable and certainly offers possibilities for another application; the use as artificial abutments for
prosthetic appliances. Recently the results with these implants over a period
of five years have been published (Denissen et al, 1983). From a total number
of 81 of such implants covered by complete dentures a "survival" rate of 80%
was reported. This is within the limits of the recommendations of the
Harvard Consensus conference on dental implants"'.

* Definition of success of dental implants: "The participants agreed with the recommandation that, to be
considered successful, the dental implant should provide functional service for five years in 75% of the
cases" (Schnitman et al, 1979).
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Fig. 2-9.
Radiograph of the
same patient as in
figure 2-8,
36 months after
implantation. The
implants seem to
form a stable and
compatible
component of the
a'veolar ridge
(Courtesy Dr. H.W.
Denissen).

2.6. Summary
After complete extraction a continuous process of bone reduction is initiated
which in the anterior section of the mandible is about four times as large as in
the maxilla. Sometimes this reduction is so severe that it leads to serious problems.
To obtain a proper insight all relevant factors concerning this process have
been discussed. Preventive measures from a dental point of view are the preservation of the natural dentition and in case of prosthetic appliances they
should be supported by the remaining teeth as much as possible. When complete dentures are unavoidable, a good fit, occlusion and articulation, specific
instructions regarding denture removal, oral- and denture hygiene, regular
tissue massage and occasionally dietary instructions especially in osteoporotic
patients, are essential. Finally, a short survey is given of recent experiments
with natural rootfragments and intra-bony implants.
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CHAPTER 3

MEASURING MANDIBULAR RIDGE REDUCTION
ON RADIOGRAPHS
3.1. Introduction
Studies to evaluate the effect of dental treatment on resorption of the edentulous mandible are generally carried out with the help of radiographic techniques. Wical and Swoope (1974) and Van Waas (1979) used orthopantomographs. They found, however, that because of the limited reproducibility of
this technique it is only useful in longitudinal studies when large numbers ot
patients are available, or in experiments in which prominent differences with
the control group are to be expected.
Van Aken (1963, 1973) and Lund and Manson-Hing (1975) found that the
lateral cephalometric projection is more reliable.
Tallgren (1957, 1972, 1980), Carlsson and Person (1967), At wood and Coy
(1971), and many others have applied this technique. One restriction is that
the images permit only exact measurements of the anterior region of the mandible because of the problem of overprojection of the left and right side of
the mandible. A further restriction is that the uppermost bony structures of
the entire anterior region will be superimposed on these radiographs. As a
result it is difficult to determine where exactly the highest structures are situated. In many cases these structures can be expected to originate from the
canine region (Fig. 3-1).

FiR. .?•/.

Lateral eephalanietrw radiograph
showing the superimposition of the
structures of the left
and right side.
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Cartwright and Harvold (1954) introduced the oblique projection as a means
of diminishing overprojection. When using this technique the midsagittal
plane* of the patient's head makes a certain angle to the axis of the X-ray
beam. The film remains perpendicular to this axis. By varying this angle clear
views of the different parts of the mandible are obtained without overprojection of the opposite side of the mandible or the cervical vertebrae (Fig. 3-2A,
3-2B).
Barber et al (1961) took measurements from a selection of ten skulls that
varied in maturity from infancy to adulthood and compared horizontal and
vertical dimensions of the upper and lower jaw on radiographs at a 45° oblique projection. The tubehead was fixed in relation to the cephalostat at a distance of 1500 mm from target to the midsagittal plane. The mean enlargement percentages for vertical measurements of the mandible ranged betw een
+ 0.64% and + 5.15% depending upon the region measured. The corresponding horizontal values ranged from - 3.20% to + 4.17%. The authors only
listed averages without giving information about the percentages of each
separate skull. They concluded that the enlargement in the oblique projection
was not larger than encountered in the more universally employed lateral
cephalometric projection.
Winter et al (1974) used this technique for measurements of the resorption of
the mandible, using angles of 35° and 325° for the left and right side projection respectively. Data on the resorption measured from the radiographs
were derived from zones 30 mm posterior to the lateral incisor. However,
the authors did not publish data on the reproducibility and accuracy of
these measurements.
Vierheller et al (1971) demonstrated another approach to control the problem
of overlapping both sides of the mandible. In their radiographic procedure
the tube of the X-ray machine was positioned at a lower level and directed at
the patient's head from below. The head of the subject was prevented from
lateral tilting by the use of ear pins, and the target to film distance was kept
constant. For successive radiographs the head was repositioned similarly. The
error in the linear measurements was about 0.5 mm.
As a tremendous amount of clinical work precedes investigations of this kind
he number of patients is kept relatively small and the periods of
observation short. Consequently a radiographic method to evaluate small differences in the height of the mandible is required. Both oblique techniques as
described above seem to meet these requirements. With the X-ray equipment
available in our radiologie department the method of Cartwright and
Harvold was easier to perform and therefore to be preferred.

The niidviginjl plant' * JS defined as the plane perpendicular to the line connecting the two ear-fixation
tins in the left and right external auditory meatus and at equal distance' from these pins (Van Aken, 1963).
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When the angle a
between x-ray beam
and midsagittal
plane of patient
approximates 30°
as indicated in fig.
3-2A, neither the
cervical vertebrae
nor the right side of
the mandible are
projected over the
left frontal region.
Fig. 3-2B shows a
clear view of the
lateral section when
angle a is chosen
45°.
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3.2. The radiographic technique
While working with the oblique technique it became obvious that it is important to orient the head in the cephalostat with the porion-subnasa] plane in a
j horizontal position. The lower mandibular border should have an inclination
| of approximately 15° to avoid overprojection of other structures of the skull.
To fulfill these requirements a Wehmer cephalostat was modified to hold a
mandibular support (Fig. 3-3). This support can be individually adjusted,
which enables a reproducible positioning (chapter 4). The X-ray machine*
has a tube with a rotating anode (focal-spot size 1.5 mm) which is mounted at
a fixed distance of 3540 mm from the radiograph. The distance from the center of the cephalostat to the radiograph is 150 mm.

Fig. 3-3.
Mandibular support
which can be
individually
adjusted for
reproducible
positioning of the
mandible (detailed
information is
given in chapter 4),
Philips Super MI00 with super ROTAL1X tube
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The size oi a secondary diaphragm, which is placed at a distance of 900 mm
from the focal-spot, can be adjusted to the position of the mandible to be
radiographed (Fig. 3-4).
Radiographs are made with the cephalostat in four different positions to obtain views of both sides of the mandible. Starting from the position in which
the axis of the central beam is perpendicular to the connecting line of both
ear-fixation pins, these positions are found by rotating the cephalostat around
a vertical axis over positive and negative angles of 30° and 45°. With the 30°
projections radiographs of the frontal part of the mandible can be obtained
without overprojection of other structures; with the 45° projections this
holds for the lateral parts (Fig. 3-2A, 3-2B).
The exposures are made with a tube potential difference of 60 kV and a workload of 420 mAs for the frontal sections; for the lateral sections the exposure
factors are 60 kV and 320 mAs. The total beam filtration is equivalent to
2 mm Al. Kodak RP-1 films in cassettes (13 cm to 18 cm) were used. These
cassettes were fitted with two Dupont detail intensifying screens.
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3.3. The accuracy of the technique
The oblique cephalometric technique seems to be a promising method for
longitudinal studies to evaluate even minor changes in mandibular ridge
reduction. However, the reproducibility and the precision are unknown.
Therefore, the geometric errors were first studied. The results of this study
are described in chapter 5. Apart from errors caused by lack of standardisation ot a radiographic technique, landmark identification is also very
important. It is obvious that the reading of radiographs which show sharply
defined and clearly outlined structures, will result in much smaller measuring
errors than in case of vague structures (v.d. Kuy, 1981).
Linear and angular measurements are often made directly on the radiographic
film. However, comparing series of radiographs by direct superimposition is
practically impossible due to the lack of contrast. Therefore, the measure31

Fig. 3-4. The
diaphragm can be
individually
adjusted by means
of four lead strips.

ments are usually taken from tracings. Errors in these tracings will, of course,
be carried on into the subsequent measurements. Baumrind et al (1971) recommend the use of automatic co-ordinate-locating equipment to measure
tracings, because this leads to smaller errors than measuring by hand.
As most investigators are mainly interested in the overall accuracy of the
measuring method to be used, a clinical study with the goal to determine the
combined radiographic and measuring error will be described in chapter 6.
3.4. Summary
In this chapter the oblique cephalometric radiographic technique is introduced as a method to investigate minor changes in mandibular ridge reduction.
Technical improvements of this technique will be described in the next chapter. Studies concerning the reproducibility and the accuracy of measurements
taken from selected areas on these radiographs will be described in chapters 5
and 6.
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CHAPTER 4

A POSITIONING DEVICE FOR THE RADIOGRAPHIC
INVESTIGATION OF THE EDENTULOUS
MANDIBLE IN EXTRA-ORAL RADIOGRAPHY*
4.1. Introduction
The long-term effect of different types of mandibular dentures on the resorption of the residual alveolar ridge of the mandible can be studied if a standardized radiographic technique is available. Therefore, it was decided to develop
a reliable and reproducible method for fixation of the mandible. All techniques previously described, fix the patient's head in a cephalostat anc use earplugs and a nasion support. With all these systems the skull is reasonably
fixed, but the mandible is not.
This problem can be solved by closing the mandible to the vertical relation of
occlusion. If the patient wears complete dentures, however, this is useful only
in short-term investigations when minimal resorption does not change the
occlusion.
It is also possible that any metal part in a mandibular denture may overlap
the image of the jaw. Using rest face height as a fixed position for the mandible is advantageous in that a radiograph can be made without a lower denture.
But, as is well known, the interocclusal distance varies and results in an irreproducible position of the mandible. Furthermore, as time passes there may
be considerable and definite changes in the interocclusal distance of edentulous patients, as Tallgren (1957, 1958), Carlsson and Ericson (1965, 1967), and
many others have demonstrated.
Therefore, it is necessary to give attention to the reproducible positioning of
the lower border of the mandible since this part is not influenced by the
resorption process.
A positioning device for standardized extraoral radiography of the edentulous
mandible was developed to fulfill the following requirements: (1) stable
fixation; (2) reproducibility of the position; and (3) applicability to different
kinds of cephalometric techniques.

4.2. Specification of device
The device consists of three parts (Fig. 4-1) that can be firmly connected.
These are (1) a mand'bular support, (2) a modified Wehmer cephalostat, and
(3) a connection between the mandibular support and the cephalostat by
means of a fixation unit. The fixation unit permits a reproducible positioning
of the support for the mandible in relation to the cephalostat.

1

W.H.A. Steen, published in the Journal of Prosthetic dentistry, September 1982.
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Fig. 4-1. Patient is
installed in
cephalostat.
Mandibtdar support
a connected to
modified cepbalostat
Iry means of
fixation unit.
1. Mandibular
support. 2a. Earfixation pins. 2b.
Nasion support of
modifiedcephalostat.
3. Fixation unit.

4.2.1. The mandibular support
A perspex plate 17 cm wide, 13 cm long, and 1 cm thick outlined in Fig. 4-2,
supports the lower border of the mandible in three regions (Fig. 4-2, top view,
A, B, and C). A 3.5 cm high vertical stop is added to guide the positioning of
the frontal part o( the mandible (Fig. 4-2, top view, 1). Underneath are two
grips that aid the patient in exerting pressure on the desired regions (Fig. 4-2,
bottom view, 2). A square slide is also attached to this side to hold the connecting steel bar of the fixation unit (Fig. 4-2, bottom view, 3). This connection is
secured by a screw that fits into a center hole of the bar.
For patients who have a very small mandible there is another support on
which the vertical stop is positioned 1.5 cm further posteriorly (Fig. 4-2, top
view, / ' ) .
5cm H

Fin. +2.
Mandibular support
with:
1 and V. vertical
stop
2. thumb grip
.1 connection slide
A, B and C regions
of support for the
mandible.

)3cm

17cm
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4.2.2. The modified cephalostat
The original nasion support of a Wehmer cephalostat, type W 102, is replaced
by an L-shaped metal bar (Fig. 4-3, Ï). The horizontal part of this bar contains
a groove into which a new adjustable nasion support is fitted (Fig. 4-3, 2). To
the vertical end of the bar a fixation unit is attached for connection with the
mandibular support (Fig. 4-3, 4 and 5).

Fig. 4-3. Modified
cephalostat:
1. L-shaped metal
bar
2. vertical scale of
nasion support
3. horizontal scale
of nasion support
4 and 5.
Electromagnets and
perspex door, parts
of the fixation unit.

4.2.3. The fixation unit
This unit is composed of a box containing four electromagnets*, each with a
diameter of 5 cm (Fig. 4-3, 4) and a perspex door (Fig. 4-5, 5) hinged in front of
the four magnets. This door contains a number of conical holes. It serves as a
positioning aid for an iron disk 12 cm in diameter with a steel bar that can be
connected to the mandibular support (Fig. 4-4). Each side of the disk has its
specific function. One side is flat for fixation to the electromagnets, and the
other side has a cavity to hold a replaceable resin plate. Two notches in the
plate correspond to buds in the iron disk to ensure that it is always fitted in
i he same way. The resin plate is fixed by a screw.
'h binder, type 10320-05B, Brinkman and Germeraad, Velp, The Netherlands.
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Fig. 4-4. Iron disc
with connecting
bar. Tile suie with
the cavity to hold
the resin plate is
shown.

Fixation screw

Ivvv
4.3. Directions for use
Sitting on an adjustable chair, the patient is placed in the cephalostat by
means of the ear-fixation pins. The porion-subnasal plane is kept horizontal.
The head is secured in this position by the nasion support. For subsequent
radiographs the position is read from a horizontal and vertical scale and
recorded (Fig. 4-3, 2 and 3).
Holding the support with the disk, the patient is instructed to press it firmly
to the lower border of the mandible and chin. During this positioning of the
mandibular support the iron disk is free to move only in the space between
the magnets and the closed door. This limitation of movements keeps the
iron disk in a vertical position. The angle of the support in relation to
the porion-subnasal plane varies but can be standardized to a preselected
inclination (for example, 15° or 20°) by making the patient open or close the
mouth with the support in situ. These inclinations are indicated on the
perspex door by coloured lines (Fig. 4-1, 3).
The iron disk can now be fixed by switching on the electric current of the
electromagnets, thus fixing the support of the mandible attached to the disk.
The position of the iron disk is recorded by a resin plate in combination with
two or three resin cones. The procedure is as follows:
1. The hollow side of the disk is filled with a prefabricated resin plate (Fig.
4-5, left).

2. The resin cones are put into corresponding holes in the perspex door.
3. After the addition of some fast-curing resin to glue the cones to the plate,
the door is closed.
This results in an individual key for the repositioning of the mandible (Fig.
4-5, right).
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Fig. 4-5. Resin
reproduction key.

For subsequent radiographs the patient is reinstalled in the cephalostat again
with the ear-fixation pins and nasion support. The nasion support is placed
according to the position earlier recorded. The disk is positioned with the
resin cones fitting into the holes of the perspex door. After this door has been
closed the electromagnets are switched on, thus fixing the disk in the same
position as before. The mandibular support is now connected to the disk, and
the patient is instructed to exert equal pressure on it with his mandible and
chin. The exposures can now be made.
4.4. Discussion
The advantage of the electromagnetic fixation system is the complete freedom of movement of the mandibular support in a vertical plane during the
positioning of the patient.
There are two reasons for using more than one magnet to hold the disk.
1. One magnet cannot prevent a disk from rotating and sliding, even when
only small forces are exerted. At least two magnets are necessary to eliminate
easy sliding.
2. Differences in the anatomy of patients cause different positions oi the disk.
Therefore, a larger magnetic field is necessary to ensure at least two active
magnets in any situation.
j
This individual resin reproduction key makes it easy to reposition the edentulous mandible for a series of radiographs. The construction of such a reproduction key takes approximately 15 minutes. The support described permits
the patient to exert uniform pressure on it. Minor deviations appear, however, due to the resilience of the soft tissues around ear and nasion fixation.
Errors due to these deviations in the positioning of a patient's mandible will
be presented in the next chapter.
4.5. Summary
An apparatus to improve the reproducibility of positioning the edentulous
mandible for taking extra-oral radiographs was developed.
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CHAPTER 5

ANALYSIS OF THE GEOMETRIC ERRORS IN
OBLIQUE CEPHALOMETRIC RADIOGRAPHIC
PROJECTIONS OF THE EDENTULOUS MANDIBLE-'
5.1. Introduction
Due to practical limitations with respect to exposure times and the available
space in the average radiology room, the distance from the focal spot to the
object ranges in most instances between 1500 mm and 6000 mm. As a conseauence, when the object is placed parallel to the film, the projecting rays will
diverge, which results in an enlarged image. In our calculations we will consider that in the 30° oblique projection the radiographic film is parallel with
the frontal region of the mandible, and in the 45° oblique projection it is
parallel with the lateral part.
In Fig. 5-1 a designated part of the mandible AB has a length d and is located
at the distance p from the central axis of the radiographic beam. The
projection of AB on the radiograph is indicated by
The length of x is

a+

b d.
(formula 1)
a
In this formula a and b are, respectively, the distances from the focal spot to
the object and from the object to the radiograph. The difference between d
and x is the increase in length as registered on the radiographic film. This increase is independent of the distance p and will be larger when b is larger
and/or a is smaller. When F is at an infinite distance from the patient, then
all projecting rays are parallel. In this theoretical situation there will be no
enlargement.
In this chapter the factors influencing the length x for a fixed arrangement of
focal spot, cephalostat, and radiographic film in oblique cephalometric projections will be studied.
5.2. Geometric errors
Blurring from a focal spot of 1.5 mm is less than 0.1

V I
Therefore, simplification of the problem is justified by assuming that the focal
spot has no dimension. Variations in the length of x are produced by the
following factors: (1) the distance between object and radiographic film, (2)
horizontal rotation of the mandible (around a vertical axis), and (3) vertical
rotation of the mandible (around a horizontal axis).
5.2.1. The distance between object and film
In a fixed arrangement of the radiographic machine, cephalostat, and film, the
sum of a and b has a constant value; but because of individual differences in
* W.H.A. Steen: Journal of Prosthetic Dentistry, accepted for publication, March 1983.
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film

F|(focal spot)

f'ig. 5-7. Schematic
drawing of tbc
mandible and
projecting
radiographic rays.
x if tbc image of

earpin

part AB(= d)of
mandible.

anatomy, the separate values of a and b may slightly vary for each subject,
which results in differences in the enlargement factor (Fig. 5-1). Moreover, because of the shape of the mandible, the values for h are different for the 30°
and 45° oblique projection in the same subject.
To obtain more information, the variations of b were measured in a sample of
six adult subjects who were selected because of the differences in their facial
structures. With a distance of 150 mm between the center of the cephalostat
(R) and the radiographic film, in the 30° oblique projection, the values for b
ranged from 60 mm to 90 mm. In the 45° oblique projection, the figures were
approximately 10 mm more. This implies an average value for distance b of
75 mm in the 30° and 85 mm in the 45° oblique projection.
When the relative measurements are compared on subsequent radiographs of
one patient, and the same oblique projection is used there is no need to calculate the enlargement because it has a constant value. When oblique radiographs of different patients are compared, the enlargement factor differs
because of differences in the values of a and b. In Table 5-1 enlargement
percentages} 2Ll£ . 1001 of d

\d

/

are tabulated for different values of a and b with formula 1.

Table 5-1. Enlargement percentage

• d . ioo\ „, ..' ïor different values of a and b (in mm)

d
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Frontal section

/
b = 60

b = 75

b = 90

a + b = 1575
a + b = 3075
a + b = 6075

4.0
2.0
1.0

5.0
2.5
1.2

6.0
3.0
1.5

Lateral •.section

b = 70

b = 85

b = 100

a + b == 1575
a + b =• 3075
a + b == 6075

4.7
2.3
1.2

5.7
2.8
1.4

6.8
3.4
1.7

5.2.2. Effect of horizontal rotation of the mandible
When the patient is placed in a cephalostat, the head may rotate from the
desired position immediately before or at the moment of exposure. This is
due to the flexibility of the soft tissues between the fixation pins of the cephalostat and the bony structures of the skull, and to the play in the brackets of
the cephalostat.

F|(focal spot)

fig. 5-2a. Schematic
drawing of a
horizontal section
of the mandible,
illustrating factors
producing
horizontal
geometric errors.
The image
formation of part
AB is indicated by
x. AB becomes
A'B' when the
patient's head is
rotated from the
desired position
through an angle
i'\a.x' is the image
of A ' B' on the

film. The difference
between x and x' is
the error produced
by the angle A a .
For more details see

fig. 5-2c.

In Figure 5-2A, AB (d) represents a horizontal part of the mandible; P A and
PB are, respectively, the projections on the radiographic film of A and B. The
image P A ? B ' S indicated by x. The angle between the midsagittal plane of the
patient's head and the central axis of the radiographic rays is indicated by a.
The vertical axis of rotation is R. For convenience it is accepted that this
point is situated at an equal distance from both ear-fixation pins. The deviation of the angle a around rotating center R is called Aa. After AB has rotated,
the new position is represented by A' B'. Consequently a is reduced in length
and b is increased in length, both by a small amount Ab. The new distances
being indicated by a' and b'. The image actually found on the radiograph,
because of the rotation of the patient's jaw is P A ' P B ' indicated by x'. The
difference Ax between x and x' is the error produced by the angle Aa. Using
formulas for co-ordinates, Ax is calculated:

/. = Y/{tan Aa
2. = XA • YAt8^10'; XA
3. = X^ tan Aa
3.+ 4. = XA tan Aa +
5, = Yj\'

Fig. 5-2k Rotating
axis system. TIK coordinates of A are
Xy{ and Yj\. After
rotating through an
angle ,\a A has
become A '. The coordinates of A' are
Xy\' and Y/{'.

Y/{cos
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When point A in Figure 5-2B rotates through an angle A a , the new coordinates in that axis system can be calculated. If the co-ordinates of point A
are called X A and Y A and the position of point A after rotation is indicated
by A ' , then the co-ordinates of A' are:
COS A a - Y A sin A a
(formula 2)

sin Aa +

COS

Aa.

(formula 3)
film

FJKocal spot I

Fig. 5-2c. This
schematic drawing,
which is derived

from fig. 5-2a,
illustrates the
horizontal
geometric factors
producing errors as
explained in the
text.

Now we derive Ax using formulas 2 and 3.
In Fig. 5-2c is:

XA = c
; XA' =
XB = c
; XB' =
Y^ = p
; YA' =
YB = p + d | Y B ' =
x = OPB - OPA
x' = O P B ' - O P A '

RV
RW
A' V
B'W

The error Ax is x' - x
so

Ax = (OPB' - O P A ' ) - (OPB- OPA).
further note that:

and
OPB

b
-/i±_
V p + d) and
\ a

/

- (a + b) Y A '
a - C + XA'
(a + b) Y A '
a -c +

From (2) and (3) it follows that:
= (a + b) (p cos A a + c sin A a )
(a - c) + c cos A a - p sin A a
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(formula 4)

=

(a + b) I (p + d) cos A a + c sin Aa)
(a - c) + c cos A a - (p + d) sin A a

Substitute: p cos A a + c sin Asa = S
and a - c + c cos A a - p sin A a = T
then from (4) it follows that:
Ax = (a + b) S + d c o s A a . S . d
/ T - d sin A a
T a

(formula 5)

'-30"

b-85
d-30

b-75

d-30

"\a-150O
5

"

I i n degrees

a-3000
a-6000

V••"N

#7*

///,

-o

a-3000

• a-6000

•0.»

3-3000

Fig. 5-3

a-1500

-0.5'

Fig. 5-4

Figs. 5-3 and 5-4.
In figs. 5-3 and 5-4
the geometric error
Ax on oblique
cephalometric films
has been expressed
as a percentage of x
due to positive and
negative horizontal
rotations of the
mandible.

The graphs of Fig. 5-3 and 5-4 were drawn with use of formula 5 to show relative values I ^-x

100 j caused by horizontal deviations in the 30° and 45°

projections of the patient's mandible. The calculations were done for focalspot-to-object distances of 1500, 3000 and 6000 mm, while d measured
30 mm. The distance from the center of the cephalosiat to the film (b + c) was
kept at 150 mm. In the 30° oblique projection the average of b was 75 mm
(see 5.2.1.) and hence c = 150-75 = 75 mm. From Fig. 5-2c we deduced that
d + p = c tan 30° = 43.30 mm. In the 45° situation the average of b was 85
mm and hence c = 150-85 = 65 mm. If we suppose that the angle between the
line from rotation center R to point O on the film is approximately 30° (see
Fig. 5-5), then it follows that in the 45° oblique projection
d + p = 65 tan 30° = 37.53 mm (Fig. 5-5).

Fig. 5-5, Figure to
illustrate the mean
value offd + p) in
the 45 ° situation
(see text).
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From measurements made of a small sample of volunteers placed in two different cephalostats, we know that the value of Ace can range between +2.5°
and —2.5°. So the maximum horizontal error between two subsequent radiographs of the same subject for a = 1500 mm is, in the 30° situation,
0.34% of x (see values between vertical dashed lines in Fig. 5-3) and 0.30% of x
in the 45° situation (see Fig. 5-4). When a = 3000 mm and a = 6000 mm the
errors are, respectively, 0.18% and 0.13% irrespective of the angle of projection (30° and 45°).
If Ax is not calculated for the mean value of b, but instead is calculated for the
maximum and the minimum values as used in Table 5-1, the differences are
less than one thousandth of x. So there is no reason to develop graphs for different values of b.

Fig. 5-6 represents a
lateral view of half
of the mandible,
illustrating errors
produced by
differences in
opening position.
The image
formation of part
CD is indicated by
y. When the
patient's mandible
rotates from the
desired position
through an angle
. \ 8 then CD
becomes CD', y'
is the image of
CD' on the film.
For more details
compare with figs.
%2a and 5-2c.

5.2.3. Effect of vertical rotation of the mandible
We know from Atwood (1956), Ismail et al (1968) and others that the resting
face height can vary considerably. So the vertical position of the mandible of
an edentulous patient placed in a cephalostat can vary several millimeters,
which results in small deviations of angle /3 (Fig. 5-6).
film

When the vertical pan CD (Fig. 5-6) rotates through an angle A/8, the new
position is represented by C D ' ; P c P D (y) ' s the projection oi CD on the
film and P c ' ? D ' is that of C D ' f t ^ . The difference between)»' and y is indicated by Ay. There is no need to derive Ay, since the geometric situation is
comparable with the horizontal situation.
therefore:
Ay = (a + h) S + d cos Aj3 . S_.d_
T - d sin A/S T a
In this formula is: S = p cos A/3 + c sin A/3
and T = a - c + c cos A/3 - p sin A/3
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(formula 6)

Ö-BS C-65

tig. 5-7. Geometric
error Ay on any
oblique
cephalometnc film
expressed as
percentage of y due
to variations in the
vertical position of
the mandible.

With formula 6 the graph of Fig. 5-7 was drawn to show relative values
(_2y 1U0I as influenced by the rotation of the mandible.

v

I

Rest position measurements were made of a small sample of dentulous volunteers to calculate angle /3. While the subject's porion-subnasai plane was kept
in a horizontal position, angle /3 ranged from 33° to 47°. In Fig. 5-7, 40° was
selected for angle /?.
To approximate the differences in angle /? in subsequent exposures of the
mandible of the same subject, a maximum variation in the rest position of
6 !ura seems acceptable. This results in a change in angle /3, called A/3, of
+ 1.2° and -1.2° (see vertical dashed lines in Fig. 5-7). From the graph we
note that with a focal-spot-to-object distance of 1500 mm, the maximum vertical error in two subsequent radiographs of the same subject is 0.26% of y.
The figures for the other focal-spot-to-object distances are 0.13% of y
(a = 3000 mm) and 0.06% of y (a = 6000 mm). Other values of b or angle /3 as
found in our samples influence only slightly the relative magnitude of Ay.
5.2.4. Errors in area measurements of the edentulous mandible
Table 5-II shows the influence of the maximum error caused by deviations in
Table 5-11. Maximum geometric errors in area measurements between serial radiographs of the
same subject due to deviations of angles a and /3 for 30° and 45° radiographic projections.
30°
a

mm

_lx
%

y
mm

<-y
%

z
mm 2

Az
%

z
mm 2

1500
3000
6000

31.50
30.75
30.38

0.34
0.19
0.13

21.00
20.50
20.25

0.26
0.12
0.06

661.50
630.38
615.09

0.60
0.30
0.20

4.0
2.0
1.2

45°
a

X

Ax
%

y
mm

A, y

mm

%

z
mm 2

Az
%

z
mm 2

1500
3000
6000

31.70
30.85
30.43

0.30
0.18
0.13

21.13
20.57
20.28

3.26
0.12
0.06

669.82
634.58
617.12

0.60
0.30
0.20

3.8
1.9
1.2

X

45

the position of the mandible on a rectangular area that measures 30 mm and
20 mm in horizontal and vertical direction, respectively. From the graphs of
Figs. 5-3 and 5-4, we took as the values for Ax the maximum difference that
could occur in the range of A a between -2.5° and +2.5° (see Fig. 5-6). The
values of Ay were read from Fig. 5-7 as the maximum difference in the range
of A/3 between -1.2° and +1.2°.
The magnitude of the relative error for the area is:
Az _ Ax
z
x

+

Ay
y

The significance of the values t±? for a clinical investigation can only be deterz
mined when the effects of the other variables in the technique are known.

5.3. Conclusions
The object of this study was to analyze the geometric errors that occur in
oblique cephalometric projections of the edentulous mandible. From the
graphs it will be clear that the choice of the distance between focal spot and
object depends on the magnitude of the error that one is willing to accept.
Comparing measurements on oblique radiographs of one subject.
The enlargement factor (formula 1) can be kept practically constant when the
difference in the opening position of the mandible in relation to the porionsubnasal plane does not exceed 6 mm at the moment of exposure. When
exposures of a subject's mandible within the range of the rest position are made, the calculated values of Ax and Ay approximate to a few thousandths of
x and y.
To ensure the accuracy of this radiographic measuring method it is important
to minimize the horizontal and the vertical deviations. Therefore the following items are important:
1. The brackets with the ear-fixation pins of the eephalostat show no tolerance.
2. When in use, the pins should be pressed as close into the meatus as possible without causing
pain.
3. The inter-earpin distance should be kept constant in subsequent radiographs of the same
patient.
4. The position of the mandible is at resting vertical dimension.

Comparing measurements on oblique radiographs of different subjects.
The enlargement factor may vary because of the following:
1. Anatomic variations caused by the shape of the mandible. These variations result in different values for b. In Table 5-1 the influence of b on the enlargement is shown.
2. Variation in the vertical position of the mandible at rest caused by differences in the anatomic shape of the skull as distinct from individual variations in the rest position.
These variations result in different values for angle /3. In the sample of volunteers, /3 ranged
from 33° to 47°.

Assuming that the radiographed section is always parallel to the film, these
variations result in an error of 1%, 0.5%, and 0.2% of y with a focal-spot-toobject distance of 1500 mm, 3000 mm, and 6000 mm, respectively. There is a
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linear interrelationship between these errors and the deviations from the
mean value of 0 (40°).
To minimize the variation in the enlargement factor between subjects it is
important to standardize the vertical inclination of the lower border of the
mandible. To avoid overprojection of the base of the skull, an inclination of
approximately 15° between the lower border of the mandible and the horizontal porion-subnasal plane was found to give acceptable results. In order to
position the lower border of the mandible at this inclination the special support with fixation unit as described in chapter 4, was developed.
In the next chapter, the clinical application of this oblique cephalometric
technique will be studied.
5.4. Summary
Geometric errors that occur in oblique cephalometric radiographic projections of the edentulous mandible were calculated for different focal-spot-toobject distances (1500 mm, 3000 mm, and 6000 mm).
The horizontal errors from the tolerance of the porion- and nasion fixation in
the cephalostat were calculated. The same was done for the vertical errors
caused by the variability of the rest position.
From the results of this study it can be concluded that the distance between
focal-spot-and-object should be as large as possible. It was also found that it is
important to minimize the differences in enlargement that may occur on
radiographs of different subjects because of changes in the position of the
mandible. This position can be standardized by the use of an individual
support as described before.
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CHAPTER 6

ERRORS IN A CLINICAL TRIAL OF AREA
MEASUREMENTS IN OBLIQUE CEPHALOMETRIC
RADIOGRAPHIC PROJECTIONS OF THE
EDENTULOUS MANDIBLE*
6.1. Introduction
Factors responsible for the introduction of errors in cephalometric analysis
are: geometric errors which are discussed in chapter 5 and errors due
to differences in the interpretation of the radiographs by the examiners
(Ramstad et al, 1978), the tracing procedure and the measuring technique
(Baumrind et al, 1971, 1976; Gravely et al, 1974).
In this clinical trial the reproducibility of the whole procedure will be investigated.
6.2. Material and methods
Four patients who needed immediate complete dentures consented to participate in this study. In each case only one half of the mandible was examined.
Oblique radiographs were taken of that part of the mandible three times.
Each time one exposure was made at 30° and one at 45°. The first series was
taken before extraction, the second series three months after extraction and
these were repeated a few days after that. The radiographs before extraction
were only used as a template to define the areas to be measured on the following radiographs. This, to prevent errors due to a faulty determination of the
sections of interest. Thus, for measurement purposes, two pairs of radiographs were obtained of each patient. One pair of the frontal region taken at
an angle of projection of 30° and another pair of the lateral region taken at
45°. This makes a total of 16 radiographs for the final measurements.
6.2.1. Tracing procedure
Two examiners participated in this investigation. Independently of each
other, each of them made two tracings of all 16 radiographs. By doing so, a
total number of 64 tracings were obtained. The tracings were made with a
pencil ( 0 0.3 mm) on acetate paper. The second tracing was made some
months later to prevent the examiners from remembering their first tracings.
The sections of interest were defined by tracings of the radiographs taken before extraction. The most important bony structures as well as the particular
region of interest were recorded on these reference tracings. By superimposing them on the radiographs made after extraction, the regions of interest
* W.H.A. Steen, A.M. Brinkman-de Graaf, P.C. Sander, G.E. Hügel and J. van Aken: Journal of Prosthetic Dentistry, submitted for publication, December 1983.
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were transferred. On the 30° radiographs this region extends from the midline to 25 mm laterally from this line. The region on the 45° radiographs extends from the distal side of the cuspid to 25 mm dorsally from it, measured
along a line perpendicular to a tangent to the lower border of the mandible,
ML in figures 6-1A and 6-1B.

% 6-IA. 30°
oblique radiograph
with drawing of
section of interest.

Fig. 6- IB. 43°
oblique radiograph
with drawing of
section of interest.
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A scanner - based on an HP 7225-A plotter - connected to a computer (HP
1000) scans the tracings by measuring the optical reflection (optical reflective
sensors HEDS - 1000 HP), (Fig. 6-2). The corresponding co-ordinates of the
lines can now be measured because they are read by the difference in reflection between the blank tracing paper and the black line on it. Subsequently the
co-ordinai.es are stored in the computer.
The areas enclosed by the initial lines at 25 mm distance were determined by
the computer which also recorded the areas in sections of 5 mm wide. Thus
five sections on 64 tracings result in 320 sections altogether. The measuring
results are not corrected for the radiographic enlargement factor, which averages 4%.
Six of the 64 tracings were selected for correction, because the results of the
two examiners deviated greatly. When analysing the cause, a faulty interpretation of the bone height was found in four cases, while in the other two the
superimposition onto the initial tracings needed correction. After mutual
agreement they were corrected and the results were included in the material.

Fig. 6-2. A plotter
provided -with an
optical reflective
i sensor to read the
tracing.

6.3. Results
In tables 6-1 to 6-IV the results are given for each patient separately.
Before discussing these results the factors that influence them are considered.
The level which each value occupies in the table is determined by:
- the patient
- the angle of projection
- the sections.
Around this level we have an accidental error due to the following factors:

GEOMETRIC ERRORS
RADIOGRAPHIC
ERRORS

NONGEOMETRIC
ERRORS

(1)
Intensifying screens

(2)

Flatness of the cassette

(3)

Processing of the radiograph

(4)
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EXAMINERS
MEASURING
ERRORS

(5)

TRACING
PROCEDURE

Transfer of region of interest

(6)

Interpretation of radiograph

(7)

Drawing inaccuracies

(8)

MEASURING EQUIPMENT

(9)

Table 6-1. Measuring results of patient 1
Sections
Photo

Al
Al
Al
Al
A2
A2
A2
A2
Bl
Bl
Bl
Bl
B2
B2
B2
B2

Examiner 1

Examiner 2

tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2

1

2

3

4

5

Total
area

142.6
142.7
142.0
141.7
144.1
145.1
143.6
144.4

136.9
139.2
139.0
139.1
138.9
141.1
137.8
139.7

132.9
133.1
133.1
133.2
135.2
135.5
135.4
135.7

132.3
133.1
134.1
133.2
133.8
133.3
134.4
133.2

131.1
130.9
133.2
130.5
130.1
129.6
133.9
130.5

675.9
679.0
681.3
677.8
682.1
684.7
685.1
683.5

152.2
153.6
152.3
152.2
151.2
148.8
152.6
151.6

152.7
152.8
153.7
152.3
152.0
150.8
152.9
150.8

153.8
153.5
154.1
152.8
152.2
152.6
152.3
152.9

148.5
147.3
S7.9
146.9
146.8
147.8
144.7
147.1

138.8
134.5
137.5
137.0
137.8
140.3
137.5
138.6

746.0
741.7
745.5
741.1
740.0
740.2
739.9
741.0

Table 6-II. Measuring results of patient 2

1

2

3

4

5

Total
area

162.4
161.5
161.2
162.1
161.0
162.4
162.3
161.5

150.9
151.9
152.3
152.5
152.7
152.7
152.3
152.7

146.9
147.6
147.6
147.7
149.7
148.3
147.8
148.6

142.9
142.7
142.8
142.6
144.0
144.5
142.9
144.2

137.1
135.8
135.5
136.2
137.5
138.7
136.9
138.0

740.2
739.4
739.3
741.1
744.9
746.6
742.2
745.1

170.4
169.2
167.8
166.5
166.3
166.5
166,7
167.5

168.7
169.6
168.2
168.9
168.0
166.7
169.4
168.7

167.7
166.8
167.5
168.6
167.5
168.5
169.7
169.6

163.3
162.5
164.5
164.7
165.3
164.6
164.2
165.9

154.0
153.0
153.4
154.9
156.5
156.3
152.6
155.2

824.0
821.1
821.3
823.6
823.8
822.6
822.4
826.9

Sections
Photo

Examiner 1

Cl
Cl
Cl
Cl

tracing 1
tracing 2

c2
c2

tracing 1
tracing 2

tracing 1
tracing 2

tracing 1
tracing 2

c2
C2
Dl
Di
Dl
D)
D2
D2
D2
D2
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Examiner 2

tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2

Table 6-II1. Measuring results of patient 3
Sections
Photo
El
El
El
El
E?
Ei

Examiner 1
tracing 1
tracing 2

tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2

E2
E2
El
Fi
El
E]
F7
*2

Examiner 2

tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2

E2
F->

1

2

3

4

5

Total
area

154.9
154.6
155.4
155.7
153.7
152.6
154.0
154.7

150.9
149.3
149.9
151.4
148.8
147.8
149.2
149.0

146.1
146.6
147.6
148.5
144.5
146.6
146.7
146.9

147.7
148.2
147.6
148.6
147.8
149.3
147.6
146.9

135.3
138.1
135.7
136.7
137.8
138.9
137.8
139.9

734.9
736.8
736.2
740.9
732.6
735.3
735.3
737.4

143.8
144.9
145.7
144.4
142.9
143.5
143.7
141.6

137.0
136.6
137.5
138.6
136.0
136.0
135.3
136.9

132.0
132.8
133.5
132.1
130.9
131.9
132.3
128.2

125.7
124.9
125.2
125.6
124.3
124.6
125.1
121.9

121.4
122.5
121.6
122.3
121.1
121.8
122.3
121.2

659.9
661.6
663.7
662.9
655.2
657.6
658.7
649.7

1

2

3

4

5

Total
area

124.6
124.4
122.1
122.4
123.2
121.5
123.4
123.0

123.8
123.6
121.9
122.3
123.5
123.2
121.9
122.1

122.4
121.9
122.6
122.2
122.6
121.0
122.0
'21.0

127.1
127.0
127.8
127.8
127.4
126.8
127.5
127.5

131.7
131.2
130.4
131.1
131.5
129.7
131.9
131.4

629.5
628.0
624.8
625.8
628.2
622.3
626.2
625.2

127.9
130.1
128.7
130.4
130.7
130.0
129.6
130.9

126.8
125.9
127.7
129.7
130.1
128.5
129.6
129.9

116.3
113.4
117.2
117.7
124.0
117.9
119.2
119.1

107.3
106.3
107.2
108.0
108.7
107.8
108.8
108.5

108.6
108.6
107.0
107.8
107.8
107.5
107.9
107.5

586.9
584.3
587.8
593.6
597.7
591.6
595.1
595.9

Table 6-IV. Measuring results of patient 4
Sections
Photo
Gl

Gl

Examiner 1
tracing 1
tracing 2

tracing 1
tracing 2

Gi
Gl

c->
c2

tracing 1
tracing 2

Hi

tracing 1
tracing 2

tracing 1
tracing 2

G2
G2
Hi
Hi
Hi
H2
H2

H->
H2

Examiner 2

tracing 1
tracing 2
tracing 1
tracing 2
tracing 1
tracing 2

We assume that the result of each measurement can now be written as:
x=jt + e r + e m , in which:
fi - gives the true value (dependent upon the patient, the angle of projection
and the section),
e r - the accidental error as a result of taking the radiograph,
em- the accidental error as a result of the measuring of the radiograph.
The inaccuracy which is caused by 6 r and e m is expressed in variances,
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symbolized by af and ffm respectively. We consider a\ + a m as a measure for
the total error in measurement. This starting point implies that we make the
following assumption:
- There is no interrelationship between the quality of the tracing (a m ) and
the quality of the radiograph (of) in this investigation, because on account
of the quality of the radiographs we did not expect many problems in
tracing them. This assumption is supported by the measurements (see
Tables 6-1 to 6-IV).
Factors 1 to 4
These factors are all related to the making of the radiograph. In chapter 5 we
already discussed factor 1 (geometric error), and we will pay attention to the
factors 2 to 4 in our discussion. The total radiographic error was calculated
separately for the 30° and 45° radiographs. We found that the errors at both
angles were almost similar. Therefore, in the calculations and tables as
given below, the results of these groups are combined.
Factor 5
No notable systematic difference exists in the assessment of the radiographs.
The average of all observations of examiner I hardly differs from the average
for examiner II (139.97 mm 2 and 140.10 mm 2 ).
For each of the examiners the differences between the two tracings are almost
normally distributed. This holds good for the whole region of interest as well
as for the corresponding 5 mm-sections. The averages of these differences and
the standard deviations are given in Table 6-V. The fact that the differences
between the tracings for the neighbouring 5 mm-sections are mutually dependent has not been taken into consideration.
Table 6-V.

Average and standard deviation of differences between tin• two tracings in mm- of
the sections and the regions of interest
The sections
(n = 80)

Examiner 1
Examiner 2

The regions of interest
(n = 16)

Average

sd

Average

sd

0.11
-0.08

1.28
1.28

0.56
-0.42

3.10
3.78

Table 6-V shows that the mean and the standard deviation of the two examiners are almost similar. From this it appears that a m is independent of these
examiners.
Factor 6 to 8
Differences in the measurements of the total area from one radiograph larger
than 10 mm 2 , were discussed by the examiners and corrected after mutual
j agreement (see tracing procedure). Afterwards it appeared that this arbitrary
| limit was about three times the standard deviation of the differences we found
for each examiner.
Since a separate analysis of the factors 6, 7 and 8, has no practical value only
the total measuring error was calculated.
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Factor 9
In a separate experiment we found that the reproducibility of the output of
the scanner was accurate to 0.05 percent. The influence ot the error by the
measuring equipment can therefore be neglected.
(•or of and af,-, the following estimates can be calculated.
Variance of measuring error (a m )
To avoid being hampered by the possibility that the results for neighbouring
sections are dependent upon each other, we determined of,-, (an estimate of
a
hi) f ° r each of the five sections and2 for
the total region of interest.
, 2. J.
We may write each observation as 2. i 1 X»,nn., in which
| = l k=1

1=1

h (= 1,2,3,4) stands for the four patients,
i (=1,2) for the number of radiographs of the same radiographic projection
angle,
j ( = 1 , 2 ) for angles of projection (30° and 45°),
k (= 1,2) for the two examiners,
I (=1,2) for the two tracings and
m (= 1,2,3,4,5) for the five sections.
For each section (and analogous: for the total region of interest) we calculate
*fn by c £ = £ ^ ^ Z ~ ( X ^ — X - , , ^ ) 2 , (see Table 6-VI).
Table 6-V1. Estimates a^ of erf,-, in mm4
Section

1
0.64

2
0.69

3

4

5

Total region ot
interest

0.84

0.57

1.30

5.72

Looking at the figures of this table firstly we can establish that the variance
(if,-, of the total region of interest is larger than the sum of the variances of the
separate sections. This is a result of the fact that the results for the sections are
dependent. In other words: large and small values for a given section may correspond respectively to large and small values of neighbouring sections.
Secondly we find that the largest and the smallest variance respectively 1.30
and 0.57. This difference is not pronounced enough to justify the conclusion
that the variances differ per section. (The variances have 32 degrees of freedom).
Variance of radiographic error (o$)
An estimate of the radiographic error (of) was also calculated per section and
for the total region. Per section the computation is based on the differences
between (the sum of the different tracings of) the radiographs of each pair.
The sum of the four tracings for a radiograph is X X X»,,n
Hence we find 2iu,--\ I 1(1 |(X„,„.,„,- x»,,.,-»))'-»^
The results of the calculations are shown in Table 6-VII.
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Table 6-VII. Estimates h\
Section

5f

of of

in mm4

1

2

3

4

5

Total region of
interest

0.84

0.57

1.23

0.34

0.42

8.78

The discrepancy between the largest and the smallest variance (1.23 and 0.34)
is again not pronounced enough to justify the conclusion that the variances
differ per section.
Since a m as well as o\ are approximately independent of the section, it is perI mitted to give a combined estimate from all sections as a final conclusion for
the variances produced by the radiographic and the measuring procedure.
Variances of the section:
a m = 0.81 mm 4
fff = 0.68 mm-t
ff2=

ff

fn + ~ax = 1-49 mm 4

(Note: These are estimates of afn, erf and a2).
It further follows that the variance of the total error for the region of interest
is: 5.72 mm 4 + 8.78 mm 4 = 14.5 mm4, anc1 hence the standard deviation of
the total error is 3.8 mm'.

6.4. Discussion and conclusion
From Table 5-1 we see that in using the oblique radiographic technique the
enlargement factor, which has a constant value, is barely worth considering
(±4%). This, in contrast with most panoramic techniques which may show
considerable enlargement percentages in horizontal direction, depending on
the distance to the plane in f^uus and varying for the different sections of the
mandible (Van Aken, 1973).
As has been said before, the radiographic error can be divided into a geometric error (factor 1) and a non-geometric error. The non-geometric error may
be caused by the use of intensifying screens (factor 2), the flatness of the cassette (factor 3) and the processing of the radiograph (factor 4). In chapter 5 we
calculated the maximum geometric error due to deviations in the position of
the mandible. This error has a value of 0.3%. This means that for a region of
interest measuring 750 mm 2 , a maximum geometric error of 2.25 mm 2 can be
calculated, corresponding to a standard deviation of about 1 mm 2 . From this
we can estimate the standard deviation of the non-geometric error which
amounts to V8.78 - 1 = 2.8 mm2.
This error corresponds with a standard deviation of the non-geometric error
in the average height of the mandible of 2.8/25 = 0.11 mm. The value has
about the same magnitude as the findings oi Goedhard (1950), who found
that the measurements can vary due to the lack of definition caused by the
use of intensifying screens. This will cause errors between 0.08 and 0.4 mm.
We can conclude that the non-geometric error, when using the technique described in this study is much larger than the geometric radiographic error. The
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use of screen-film combinations with a better resolution and flatter cassettes
may be considered for a further reduction of the radiographic error.
A further remark is that a2^ and J{ are of about the same size. This is in contrast with Carlsson's conclusion (1967) who wrote in an article dealing with
lateral cephalometric radiographs: "Of the various component errors that incurred, the location of points was L / far the largest for most of the measurements. The measurement error and the various geometric and technical radiographic errors were relatively small".
Since the set-up of Carlsson's study differed considerably from ours, it is hard
to explain these different results.
For the total error of the region of interest a standard deviation of 3.8 mm 2
was calculated (see page 56). This means that the standard deviation for the
average height of the mandible is 3.8 mm 2 /25 mm = 0.15 mm. Although this
figure may suggest that one examiner is sufficient to trace the radiographs
we have to bear in mind that in a few cases unexpectedly large deviations
between the results of the two examiners were found. We therefore advise
that tracings should always be made independently by at least two examiners
in order to detect and correct the errors, which in case of one examiner would
remain unobserved. Individual mistakes in the tracing-procedure will thus be
discovered and with mutual agreement they can be corrected.
Another aid in obtaining reproducible tracings was the use of a tracing of the
radiograph before extraction, which we used as a template to define the
sections on subsequent radiographs. Finally, one has to take into account that
especially at the beginning the examiners will probably not always have comparable results with respect to systematic errors ?nd reproducibility as was
the case in this study. In order to avoid systematic errors it is advisable to include a period of interjudging the examiners before starting the final investigation.

6.5. Summary
In chapters 5 and 6 the use of the oblique cephalometric technique for the
purpose of quantifying the reduction of the edentulous mandible was studied.
The geometric errors of this method have been discussed in chapter 5. This
chapter deals with an analysis of the total error of measurements in a clinical
trial. The importance of using more than one examiner to measure the radiographs was emphasized.
The geometric error appears to be smaller than the non-geometric radiographic error. The radiographic and measuring error are roughly of the same
size. For the total error of a region of interest 25 mm wide, a standard deviation of 3.8 mm 2 was calculated.

57

CHAPTER 7

COMPLETE DENTURE AND OVERDENTURE
PROCEDURES
7.1. Complete dentures
7.1.1. Introduction
Until about 40 years ago it was considered necessary to wait several months
after full extraction before making a complete denture. After the healing of
the wounds the residual ridge had to become firm enough to withstand the
forces exerted on them. But in the course of time social life changed so much
that this sequence was no longer found acceptable without causing severe psychological and social problems. This led to the procedure of the so-called immediate denture. This denture is constructed before the last teeth are extracted and is inserted directly after extraction,
7.1.2. Various stages of treatment
In general, when a complete denture is indicated, the technical procedure is as
follows:
1. Preparatory stage
2. Construction of the immediate (interim) denture
3. Extraction of remaining teeth and insertion of the interim denture
4. Follow-up
5. Conversion of the interim denture to the final denture by rebasing or
construction of an entirely new denture
6. Maintenance
7.1.2.1. Preparatory stage
During this stage any acute or subacute inflammation of the soft tissues is
treated. The teeth are generally extracted in more than one session starting
with those teeth which do not present an esthetic problem.
For psychological reasons it is in some cases better to prolong this stage by limiting the extractions to those teeth which form a direct potential danger to
the general health. To make this period more comfortable to the patient a
partial denture can be made, or an already existing partial denture can be extended. Especially a mucosal worn partial denture is suitable because of its
simplicity (Reneman, 1981). Such appliances even make it possible to extend
this period of time from a few months up to a few years. After this period the
decision has to be taken whether the partial denture should be extended to a
complete denture or an entirely new denture has to be made.
7.1.2.2. Construction of the immediate denture
During the first session impressions are taken. The next time the vertical and
centric occlusion is determined and the artificial teeth are selected. Now the
decision has to be made whether and to what degree the original teeth have to
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be imitated. Jn the laboratory the remaining teeth on the model are subsequently ground down, one by one and are replaced by the selected teeth.
Depending on the dentist's philosophy the posterior teeth are positioned.
Mostly they will be placed in the original position of the natural dentition.
After finishing the dentures in wax they will be converted into acrylic resin.
Polishing and eventually remounting to adjust occlusion and articulation are
necessary before they arc ready for delivery.
7.1.2.3. Insertion of the immediate denture
Before the extraction of the last teeth the patient should always explicitly be
informed of what is going to happen, what should be done in case of further
bleeding, how and when to use sedatives etc. Because this part of the treatment is a very e. lotional event for the patient he is not very susceptible to
instructions. Therefore Eykman et al (1980) stressed the necessity of wrtten
instructions next to verbal information. After extracting the teeth and inserting the denture, the occlusal relationship is grossly evaluated for centric as
well as for lateral and protrusive movements. Precise adjustments are performed after a few days, when the denture has more or less been adapted to the
underlying tissues. During that session the fit of the base is also corrected
with the aid of Pressure Indicator Paste.
7.1.2.4. Follow-up
The follow-up is very important and helpful to the patient in accepting his
denture. As pain is one of the most discouraging factors in denture acceptance, unavoidable pressure spots have to be corrected as soon as possible. It is
advisable to provide an analgetic and antiseptic ointment to relieve pain. As
the success of denture therapy depends largely upon the relation between the
patient and his dentist, it is of the utmost importance to give the patient all
the attention he needs if he complains about his speech, chewing performance, feeling of discomfort with his denture, etc.
As a result of the continuing ridge reduction adjustments of the denture base
and the occlusion are necessary from time to time. For this reason and to
evaluate the oral and denture hygiene of the patient, periodical recalls are necessary. The loss of bone is often so dramatic that adjustment by grinding no
longer satisfies and material has to be added to replace the lost tissues. This is
often accomplished with the help of tissue conditioners. As these materials
desintegrate rather soon, the use of an acrylic liner, processed directly or in
the laboratory is to be preferred.

7.1.2.5. The construction of the final denture
After a period of 6 to 12 months the rapid reduction of the ridge gradually
slows down (Figs. 7-1A and 7-1B). It seems unadvisable to make a more permanent provision before this stage has been reached. If the total concept of
the interim denture is still acceptable, conversion by rebasing is sufficient.
This technique demands that new impressions are made directly in the
existing denture. In accordance with this configuration, the acrylic resin base
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Fig. 7-IA.

Fig. 7-IB.

has to be converted. This relining* or preferably rebasing** is mostly carried
out in the laboratory. The advantages of this solution are: the patient does
not have to adapt to a new construction, the procedure takes only two sessions, and compared to an entirely new denture, it is inexpensive. The
disadvantage of this procedure is that the patient has to manage without his
denture for a couple of days. For this reason and a greater feeling of safety the
majority of the patients prefer a totally new denture.
7.1.2.6. Maintenance
As already mentioned, the residual ridges continue to reduce even after many
years, both in height and in width, and therefore periodical check-ups are necessary to check the fit and occlusion of the denture. As described in chapter II,
these discrepancies are dominant factors in the development of inflammation
of the soft denture bearing tissues and these discrepancies may also cause
more bone resorption. In this context it is also important to evaluate the oral
hygiene and denture habits of the patient.
* Kclinin|>: The existing acrylic resin is partly removal, after which the shortage of material is added and
cured.
""Rcktsint;: Only the artificial teeth remain, all acrylic resin is replaced by new material (l:lö|>vl, 1982).

figs. 7-1A and 7-IB
show the
dimensional
changes after six
months.

7.2. Overdentures
7.2.1. Introduction
One of the most fruitful measures in the prevention of bone resorption is
probably the preservation of teeth, even if only a few are left (Carlsson et al,
1967; Tallgren, 1967; Lofberg et al, 1982). But this principle has its limitations,
for instance when the periodontium of the teeth is too weak to support a partial denture. Normally speaking a complete denture is indicated in such cases.
Sometimes however, questionable teeth m? be preserved by shortening
them to a level just above the mucosa. As a result the damaging horizontal
load is decreased considerably. From a mechanical point of view this results
in a more favourable situation which allows them to be used as a support and
for retention of the complete denture, the so-called overdenture.
The overdenture concept is certainly not new. Barker reported on this method at the American Dental Convention in New Haven, Connecticut in
1861 (Brewer and Morrow, 1980). In most cases endodontic treatment of the
abutments is necessary due to the shortening of the clinical crown. Bui in
those days this therapy had many failures and most of the time the abutment
teeth had to be extracted prematurely. As at that time the theory of the
focal infection was strongly adhered, the use of overdentures was no longer
favoured, until after the second World War new interest arose. Miller's statement (1958) that weak teeth, after reducing the crown length, regain a healthy
status, was of prime importance in convincing the profession that the overdenture was a promising alternative. In Europe, Dolder (1953, 1961, 1974)
designed his bar-attachment, and Gerber (1964) developed his rootcapattaehments. Reports on cases treated succesfully appeared in several journals.
In the United States, Morrow et al (1969), Lord and Teel (1969, 1974), Zamikoff (1973), Brewer and Fenton (1973), Dodge (1973), Ralph et al (1976), de
Franco (1977), Kotwal (1977), and many others, wrote about this subject,
which put new life into it. Except for some clinical evaluations by co-workers
of Dolder (Fisch, 1958 and Wirz, 1967) a longitudinal study with respect to
the periodontal status and caries incidence of the abutments was not carried
out until 1978. In that year Fenton and Hahn reported a follow-up study over
an average period of 16 months. Eight out of 37 teeth had developed root surface caries. Of the 20 teeth that had received fluoride gel applications, only
one developed a carious lesion.
In a two-year longitudinal study by Toolson and Smith (1978) 89 patients
were provided with overdentures. At the initial examination two to eight
months after insertion of the denture 233 teeth were examined and 29.2% of
them appeared to be carious. When at the one-year recall 79 patients returned, 71 (34.8%) out of 210 teeth had carious lesions. It was interesting to observe that at the two-year recall only 36 (19%) out of 190 teeth investigated
showed defects. The 15 patients who were not available any more did not
return for the following reasons: five had moved out of the area, four were
uncooperative and unwilling to return, three had deceased and another three
were not ambulatory. It appeared that the caries reduction was caused by the
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fact that some patients received applications with fluoride solution and/or silver nitrate. After another three years Toolson and Smith (1983) reported that
54 of the 89 patients returned for this 5-year recall. Sixteen patients
were still using a neutral pH, NaF-gel daily to control caries. One drop of the
fluoride gel was applied to the depression in the denture overlying each abutment tooth. Only one of the 36 teeth of these 16 patients developed caries.
From the group of patients not using fluoride 20 were involved with caries of
a total of 94 teeth. Sixteen out of 233 teeth were extracted in these years.
The authors concluded that a thorough regime on oral hygiene together with
chemical protection at home based on an effective recall system is necessary
to prevent loss of abutments (Toolson et al, 1982, 1983).
The effect of overdentures on bone resorption was also evaluated, Crum and
Rooney (1978) performed a comparative longitudinal study in which the difference in residual ridge height was determined on lateral cephalometric radiographs. Over a period of five years they found in the anterior part of the
mandible of the overdenture group a vertical reduction of 0.6 mm versus 5.2
mm in the complete denture group. Before drawing conclusions from these
figures we have to bear in mind that this large difference in the average reduction of the anterior region of the mandible may be caused by the preservation
of bone directly around the canines. It is mainly the projection of this region
that determines the contours of the frontal bony structures on a lateral radiograph. N o decisive answer is given in this investigation to the question of the
effect of overdenture therapy on other areas of the mandible.

7.2.2. Variations in overdenture technique
7.2.2.1. Supra-mucosal roots
After endodontic treatment, the roots can be prepared in two different ways:
1. The orifice of the root canal can simply be sealed with an amalgam filling
(Fig. 7-2).
2. A cast coping, mostly provided with some kind of attachment can be made
(Fig. 7-3).

Eg. 7-2.
Overdenture
abutment teeth
with amalgam

fillings.
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The first solution offers the advantage of being easy to perform, and compared
to the second solution the only restriction is that the retention is very limited. As many practitioners consider this factor imperative for denture comfort, the second solution is generally believed to be superior. Although the
amount of retention that can be achieved by only two or three attachments is
often really amazing, some disadvantages are also to be mentioned. Most
types of attachments are designed to be placed on the roofoi the coping. The
initial advantage of the short coping, minimal lever in case of horizontal loads,
is thereby partially lost. Other disadvantages are: the time-consuming procedure that demands much experience and dexterity from the dentist. The
whole procedure is expensive. Besides this, the orten used argument that cast
copings are effective in preventing caries is at least disputable; irrespective of
the amount of exposed dentin, caries and periodontal breakdown will still
occur if the oral hygiene is inadequate. Having weighed all the arguments in
favour of and against cast copings the next strategy seems to be wise:
As abutments for the immediate overdenture the roots are only filled with
amalgam. The final decision between the two restaurations is postponed till
at least 6-12 months after the insertion of the immediate overdenture. During
that period the oral hygiene can be evaluated.
The cast restoration can only be considered when there is no doubt about a
perfect oral hygiene. This does not mean, however, that the second solution
is to be preferred. In our experience many patients do not need additional retention once they have adapted to their dentures. In these cases the best decision is, in our opinion, to keep it as simple as possible.
7.2.2.2. Sub-mucosal roots
In the past ten years experiments have been carried out with the so-called submucosal or submerged root technique. As already mentioned in chapter 2 this
method implies that the teeth are ground down just below the alveolar crest
after which the mucosa is sutured. In most instances the pulp tissue will remain vital (Garver et al, 1979). This explains the general observation that
deeply fractured root fragments, which have been left behind accidentally
after extraction, often remain in the jaw for years without demonstrable
pathologic symptoms. Because the pulp remnant is accessible from each end
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of the root, homeostasis of the bloodsupply, the factor that contributes to the
irreversible character of many affections of this tissue, does not easily occur.
To avoid dehiscence of the overlying mucosa Garver et al (1980) suggest that
the root surface- and adjacent bony contouring should be accomplished in
such a way that they provide a well-rounded surface which is just below, but
confluent with the adjacent bony ridge. As already mentioned before, the
results of these experiments diverge widely.
7.23. Criteria for abutment selection
To ensure longterm results, mechanical, endodontic, periodontal, and
prosthetic conditions have to be considered. These factors will be discussed
consecutively.
7.2.3.1. Mechanical considerations
Preferably the root should be surrounded by supporting bone tissue for more
than half its length. Teeth, which are moderately loose before occlusal reduction, show a tendency to become more stable after the clinical crown has
been cut off due to the reduction of the lever of horizontal forces (Toolson et
al, 1983). This makes mobile but otherwise healthy teeth suitable to serve as
abutments for overdentures.
From a mechanical point of view the location of the abutments is also important. To ensure an even distribution of load on the residual ridge at least one
abutment in each quadrant is required, preferably in the cuspid or bicuspid
area.
7.2.3.2. Endodontic requirements
It is evident that from an economical point of view teeth with easily accessible rootcanals are to be preferred. In this respect the mandibular cuspids and
bicuspids and in the maxilla the central incisors, the cuspids and the second
bicuspids have priority.
7.2.3.3. Periodontal considerations
Environmental conditions under a denture base are far from ideal and probably favour bacterial growth. The lack of the selfcleansing effect by tongue and
cheeks, the decreased diluting effect of the diminished saliva flow around the
teeth, probably the lowering of the O2 tension and the somewhat higher temperature may promote a bad environmental condition. Therefore it is essential to start with teeth with healthy periodontal tissues. If the periodontal
condition is not really optimal this should first be cured, otherwise a rapid
breakdown can be expected. Van Dijk et al (1977) investigated the response of
existing pockets after the extraction of neighbouring teeth. They found a considerable reduction of approximal pockets. Reducing the clinical crown, thus
giving the patient an easy-to-clean situation, may have the same effect. These
findings imply that surgical pocket elimination should only be a secondary
measure. It seems sensible to wait for the effects mentioned above for about
six weeks.
An optimal condition of the gingiva also includes a sufficiently broad zone of
attached gingiva (Thayer, 1980). Otherwise, even slight mechanical trauma
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caused by the overlying denture will produce a fast recession. A zone of keratinized mucosa of at least three mm is considered to be necessary in overdenture patients (Robbins, 1981).
7.2.3.4. Prosthetic requirements
Especially buccally of the 33 and 43 heavy undercuts of the alveolar ridge are
sometimes seen. These undercuts can obstruct the insertion of the denture so
seriously that excessive grinding at the border or at the mucosal side of the
denture is necessary. If grinding is not possible a locally inserted resilient resin
may be a solution. Freidline et al (1981) demonstrated another approach: they
eliminated the undercut areas with a palatal graft before constructing the
overdenture.
7.2.4. Various stages of treatment
Duckmanton (1978) divided the sequence of the treatment into the following
stages, each complete in itself:
1.
2.
3.
4.

Preparatory stage
Transitional stage
Final denture stage
Maintenance

Each stage may be continued, modified, prolonged or terminated to suit the
response of the patient.
7.2.4.1. Preparatory stage
This phase includes extraction of bicuspids and molars not to be preserved,
oral hygiene motivation and instruction, periodontal therapy including anynecessary surgery and finally endodontic treatment of the teeth to be maintained.
7.2.4.2. Transitional stage
In this phase two lines of approach are possible:
1. If appearance is not of primary importance the selected abutment teeth can
be sectioned off to a level oi about 1 mm above the gingival margin and the
canal orifice can be sealed with amalgam. After polishing the root surface
an impression is taken to construct the interim denture.
2. If in connection with esthetics there are objections against the sectioning
of the abutment teeth this is postponed until the session in which the interim denture will be inserted. In this case, the dentist has to estimate the
shape of the remaining root on the cast on which the immediate denture
was processed. When after insertion the denture rocks on the abutment
teeth corrections have to be made by grinding. This can be performed
with the help of Pressure Indicator Paste. If there is too much space between the root surface and the denture, contact can be obtained by locally
adding a small portion of a direct reliner.
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The patient is instructed how to clean his denture, oral mucosa and the abutment teeth. Topical fluoride applications should be repeated at each visit
(Shannon, 1980). In the beginning the patient is recalled every six weeks. Later on these appointments can be scheduled every three or six months. Then,
after a few months when the retention of the denture is no longer sufficient
due to the heavy remodeling of the residual ridges, relining becomes necessary. This is preferably done with a direct reliner (Flögel, 1982). After a period
of six to nine months after insertion of the interim denture, the final denture
can be made.
7.2.4.3. Final denture stage
In the meantime the decision has to be taken regarding the type of restoration
on the abutment teeth. The first "]uestion is: Should they have cast restorations or would simple amalgam fillings be sufficient? When cast restorations
are not considered necessary or desirable, it is sufficient to reshape the roots
to provide greater thickness of acrylic resin on the buccal and lingual aspects
of the abutments before the new denture is made (Graser et al, 1983). To prevent rocking of the denture on the roots, the abutments on the stone cast are
covered with tinfoil (0.7 mm) for clearance before processing the denture. A
metal bar, placed transversely over the occlusal surfaces of the teeth and cured
in the denture base (Fig. 7-4), can prevent wear of the acrylic resin just above
the roots.

Fig. 7-4. A metal
bar to prevent wear
of the acrylic resin
just above the roots.

When inserting the overdenture, the abutment-denture relationship is
checked with disclosing wax or Pressure Indicator Paste to prevent burdening
of the marginal gingiva of the abutment teeth. However, too much room between denture base and marginal gingiva may lead to a hypertrophic reaction
of the gingiva (Robbins, 1981).
When, for instance due to carious lesions it is decided to use simple gold copings, their shape is best described as slightly tapered axial walls running
smoothly into the occlusal plane. This shape does not only permit the
denture to be seated over the copings without interference but also facilitates
easy cleaning. Besides, when cast restorations are used, there is often not
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much room left tor the artificial teeth. So resin teeth, carefully hollowed,
have to be used.
In former days, when endodontic failures were not exceptional, the preparations of overdenture abutments were left at least 5 to 6 mm in height in order
to keep the pulp tissue vital. Such high-copings with almost parallel walls can
ensure a good retentive and stable denture. However, compared to the modern short-copings the leverage in case of horizontal forces was considerable.
As soon as the endodontic therapy improved, the short-copings (1 to 2 mm in
height) became popular. The disadvantage of this development was the reduced retention and stability of the denture. This led to the use of attachments
which are placed on top of the short copings. Some of these attachments, however, for instance the Gerber studs are relatively high and due to the limited
rotational movements they act as the old-fashioned high-copings. Here the
French expression: I'histoirv sc repcte can also be applied. Nowadays, some
attachments have the best of both worlds. Besides the classical Dolder bar joint,
several types of pressure buttons may be considered.
In our experience single studs are easier to clean than bar-type attachments and
therefore preferable. To avoid excessive load, the selected pressure-buttons
should allow translational and rotational movements, which can be obtained
by the use of, for instance, the resilient Dalla Bona ball anchor (Fig. 7-3) or the
resilient Rothermann attachment (Fig. 7-5).
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7.2.4.4. Maintenance
After the insertion of the overdenture recalls will be recommended every
three months to check oral hygiene as well as disturbances in the occlusion
as a result of resorption (Fenton et al, 1979). Additionally, fluoride is applied during these sessions (Hals et al, 1981). If due to the resorption oi the
edentulous part of the ridge the abutment teeth interfere with the stability
of the denture, rebasing is necessary. In contrast with the procedure in the
transitional stage this rebasirg should be performed in the laboratory,
because direct rehners are not suitable for long-term use (Bauer et al, 1959
and Flögel et al, 1982).

7.3. Comparison of the two methods
7.3.1. Advantages of overdentures
Next to the presumed benefits, such as reducing ridge reduction and higher
chewing efficiency, the preservation of roots can be of great psychological
importance. Most patients are aware of the importance of teeth for their appearance. Not only the statical shape of the face, but also the mobility of the
lip and cheek muscles in speaking and in mimics, are closely related to the
dentition. It holds true for almost everyone that even the idea of a change in
their appearance is felt as threatening to the identity and personality. Therefore many patients panic at the thought of losing their teeth. The stereotype
image of the denture wearer; an expressionless face and hollow, wrinkled
lips and cheeks, protruded lower jaw etc. adds much to that anxiety. This is
certainly not an image of health and youth, b. t rather of an infirmity of old
age. It supports the idea that this is the beginning of the end or, as Swoope
(1973) indicates it with the striking oriental expression: loss of face. It is not
surprising that the impending loss of the front teeth, which are subconciously associated with potence, libido and fertility etc., meets such strong
resistance (Lewis, 1957). All these factors interfere with the acceptance of
the denture. The touchy sensitivities described above are often projected
onto the denture, which may result in endless, and in fact irrelevant complaints.
Clinical experience has taught us that with a partial denture this problem is
much less severe and they are therefore a valuable tool in making the transition to a complete demure more acceptable. Remarkable is the experience,
shared by many dentists, that the number of remaining teeth seems to be of
little importance. Even when only a few teeth are left and even though their
value is hardly more than symbolic, many patients have the feeling of not
yet being edentulous and for this reason they will have less problems.
Besides this emotional aspect that pleads for the overdenture therapy, the
esthetic factor itself has to be mentioned. After extraction of the central incisors and especially the cuspids the patients develop the well-known
denture-hen: sunken lips and hollow cheeks. No other teeth have such a dramatic ageing effect. As the cuspids are used most frequently as abutments
for overdentures this detrimental esthetic effect can be avoided to a great
extent.

7.3.2. Disadvantages of overdentures
Opposed to the above mentioned important advantages there are also certain disadvantages. In the first place, the overdenture therapy is rather timeconsuming and the total expenses are therefore higher than they would be
for a complete denture. On the other hand the time and money invested
may in the long run be repaid, because relining or remaking of the denture
is needed less frequently. The costs of preprosthetic surgery or other measures in cases of severe resorption are not even considered.
In the second place, a painstaking oral hygiene is needed. It is quite obvious
that patients who have lost almost all their teeth through decay at a fairly
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young age, are not the most faithfi'! toothbrushers. Even if we succeed in
motivating them, there is a fair chance that they may lapse into their old
habits after some time. As already mentioned the residual roots will then
soon be lost through decay and periodontal breakdown in such cases.
7.4. Summary and conclusion
After full extraction the residual ridge especially of the edentulous mandible
gradually reduces to such an extent that in many cases a useful base to support
a denture no longer remains. To prevent this stage, dentists advise patients to
keep their natural teeth as long as possible. Even the preservation of a small
number of teeth may be an effective preventive measure. Therefore, before
indicating a complete denture, it is worth considering any possibility of saving
some teeth. Also in case of two single mobile teeth, for instance the mandibular cuspids, it may be useful to retain them. It appears, however, that in such
cases the prognosis oi a partial denture is poor due to the heavy load exerted
on these teeth. But when in these cases the remaining teeth are shortened to a
level just above the mucosa to decrease the leverage, it makes them suitable to
serve as a support and for retention of a kind of complete denture, a so-called
overdenture.
The various stages in making overdentures and also the advantages and disadvantages compared to complete dentures, have been discussed. Some of the
advantages are evident while others, especially the influence on ridge resorption, are still uncertain.
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CHAPTFR K

CLINICAL INVESTIGATION
8.1. Introduction
In spite of recent conflicting reports concerning the occurrence of caries and
periodontal breakdown as well (Toolson et al, 1978; Fenton et al, 1978; Reitz
et al, 1980; Renner et al, 1982), the overdenture therapy is becoming more
and more popular. This is certainly the result of the belief within the profession that resorption of bone can be delayed or limited by this technique.
However, an objective comparison between the rate and the pattern of mandibular ridge reduction in overdenture patients compared to complete
denture wearers is not available. The object of this study is to examine this
aspect.
8.2. Material
The patients were chosen from those registered for a complete immediate
denture at the policlinic of the School of Dentistry of Utrecht University
between July 1980 and July 1982. The selection was made in accordance with
the following principles:
- The patient should not suffer from any disease that could influence either
the bone metabolism or the sequence of the treatment (no medical examination was carried out, but a standardized medical history was used to
screen the patients).
- The patient should have at least 10 lower teeth and complete upper and lower dentures should be indicated.
- The alveolar bone height around both the lower canines should at least
reach to half the length of the root, to be measured on already available
orthopantomograms. Further, they should be free of large apical radiolucencies.
- The pocket depths around the canines should not exceed 5 mm.
The material was collected during a period of two years. Twenty six patients
were found to fulfill these requirements. This group had to be divided into
one part being considered for mandibular overdentures and complete
maxillary dentures (OD-group) and a second part being considered for conventional complete mandibular and maxillary dentures (CD-group). After explaining the expected benefits and disadvantages of the different kinds of
treatment, the patients were asked to participate in this study. Their preference was taken into account for the choice of the group in which they participated. After provisional agreement more detailed information, verbal and
written, was given about the set-up of this study and also concerning the
various stages of treatment. At the moment that 19 patients had agreed to participate, it appeared that eleven preferred the OD-group and eight wanted to
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participate in the CD-group. As we tried to get groups of equal numbers, the
recruitment procedure was continued. From a new group of five patients
three applied for the CD-group. The remaining two patients who showed a
preference for the OD-therapy were not included in the material but were
treated in another department.
We are aware of the possibility that the choice of the patients may have been
influenced by the discussion of the advantages and disadvantages of the two
therapies. It is difficult to disprove such a supposition, but it was certainly
avoided as best as we could. This is indicated by the fact that each patient was
given the same written information. However, patients confronted with
decisions concerning their dentulous status have a strong need for personal
information. So we could not totally rely upon the written instruction.
Finally 22 patients signed to participate. The distribution with respect to age
and sex of these patients is shown in Table 8-1.
Table 8-1.

Distribution according to sex and age (years)
Sex

Number

Mean age

Range

men

12
10

41.1
37.1

22 to 59

women

27 to 55

Table 8.11. Distribution toi sex, age, remaining teeth an d general penodonta! condition be tore treatment
ot the subjects'
Remaining teeth in mandible
right
8 7

Code

Sex

Age

3

2

OD-01
CD-01
OD-02
CD-02
OD-03
CD-03
OD-04
CD-04
OD-05
CD-05
OD-06
CD-06
OD-07
CD-07
OD-08
CD-08

M
M
J:
F
M
M
F
F
F
F
M
M
F
F
M
M

52.7
42.2
26.9
27.9
29.1
22.1
48.5
33.7
27.7
27.0
43.1
49.8
55.2
46.1
46.6
43.1

X X X
X X X
X X
X X X
X X X
X X
X X
X X
X X
X X
X X X
X
X X X
X
X X
X X X
X X X X
X
X X
X X
X X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X . . X X
X X X X X
X X X X X
X X X X
X X X X
X X X X

OD-10
OD-11
OD-12
CD-13
CD-14
CD-15

M
F
M
M
M
F

59.8
46.6
48.7
25.7
25.9
28.9

X
X
X X X
X
X
X
X X

X
X
X
X
X
X

X
X
X
X
X
X

X X
X
X X
X
X X
X X

6

5

4

X
X
X
X
X

X X X
X
X X X
X X X
X X X
X X X

1

X
X
X
X
X
X

1 2

X
X
X
X
X
X

3

X
X
X
X
X
X

4

5

X
X
X
X
X
X
X
X
X
X

6

left
7 8

X X
X
X X X
X X X
XX
X X
X X
X X
X X
X

X
X
X X X
X

X
X
X X
X X X X X
X X X X X
X
X X X X X

Gener.il
periodont.il
condition
poor
poor
good
good
good
good
good
good
good
good
mod.
mod.
poor
poor
mod.
mod.
poor
mod.
mod.
good
good
good

The left column, preceded by the characters O D and CD refers to the overdenture and complete denture
patients.
The periodontal condition (right column) was rated as good, moderate and poor.
The upper part of the table concerns the paired subjects, recognized by the same codenumber (f.i. OD-05
and CD-05).
The lower part of the table concerns the unpaired subjects.
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Ismail et al (1968), Atwood et al (1971), Mercier et al (1979) and many others
supposed a relation between the rate of resorpt'on and race, sex and age. As
all patients were Caucasians, differences in race could not influence the results.
To prevent the influence of the other factors we decided to match the patients
of both groups according to sex and age. As of course the number of teeth
that has to be extracted and their position in the mandibular arch is highly
determinative for the rate and the pattern of resorption, this factor had a high
priority in the procedure of matching the patients. Finally, although the periodontal condition as a predestinating factor is disputable, it was also roughly
taken into account in forming the pairs of patients. In this manner we could
form eight pairs, each pair consisting of one CD-patient, and one OD-patient.
Six patients could not be matched. The distribution of the patients with
respect to the above mentioned factors is shown in Table 8-II.
8.3. Stages of treatment
All treatments, except for the periodontal surgery, were performed by two
dentists, both members of the faculty. This treatment was always executed according to the same procedure and time schedule (table 8-III). Exactly three
months after each stage the next stage was executed.

Table 8.III. Treatment stages
Stage
Treatment
0
extractions ol bicuspids and molars finished
1
extractions of front teeth and insertion of temporary upper and lower denture
2
relining of temporary dentures
3
new dentures inserted
4
follow up examination
5
follow up examination

Treatment procedure:
The following data were recorded of all patients: medical and dental history,
30° and 45° obliqu.' cephalometric radiographs of both sides of the mandible,
and documentation casts. The initial treatment consisted of: oral hygiene instruction and extraction of bicuspids and molars.
The treatment of the patients of the complete denture group
During the first visit alginate impressions were made. In the next session the
vertical and centric relation was determined.
The immediate dentures were prepared in the dental laboratory before the
third appointment. The extractions of all front teeth were performed as
gently as possible to minimize the risk of fracture of the alveolar bone. No
suturing was performed. Immediately after extraction the denture was inserted.
During the next few days all the necessary corrections were made, according
to a regular system. Three months later, the fit of the denture was routinely
corrected by direct relining*. After another three months the final denture
'f Reb.iron: G.C. Denial Industrial Corp.
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was inserted. These dentures were constructed according to the manual of
Flögel (1981). Impressions were made with zincoxide eugeno) paste taken in
individual resin trays with borders trimmed with impression compound. The
vertical relation was established and the centric relation was determined with
an intra-oral registration device. Porcelain teeth were used, arranged according to the principles of the mechanical concept. They were adjusted to a
balanced occlusion. With protrusive and lateral excursions over a length of 2
to 3 mm, the lower and upper front teeth did not make contact. Three 30
degrees-anatomic posterior teeth were used in each quadrant, the maxillary
cusps were flattened. In this way the principle of zero degrees posterior teeth
can be followed without sacrificing the masticatory performance by large occlusal contact surfaces. In connection with the stability of the denture and a
balanced load of the underlying tissues, the la^t posterior maxillary tooth and
the mesial half of the first bicuspid were kept out of occlusion both with a
clearance of about 0.5 mm. Within 10 days after insertion the fit of the base,
the occlusion and articulation etc. were carefully examined and corrected if
necessary.
Overdenture group
The essential difference with the complete denture group is the maintenance
of the two mandibular canines. During the initial stage the endodontic treat-

% 8-1. Tbc
canines were
ground down ju:l
before the insertion
of the immediate
ovenlentHrt:

Fig. 8-2. Cast
restorations were
made six months
after extraction.
Provisions suitable
for periodontologic
purposes, necessary
for another
investigation, can
be noticed.
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ment of these teeth was executed. When necessary periodontal surgery was
performed (three cases). As described in chapter 7 the canines were ground
down and the entrance of the rootcanals was sealed with amalgam just before
the insertion of the immediate (over) denture (Fig. 8-1).
Shortly before the final denture was made, cast restorations were placed on
the abutment teeth (Fig. 8-2). Here again the dentures were constructed
according to the manual of Flögel (1981). Within 10 days after insertion
corrections of the base, using Pressure Indicator Paste, were made and also
corrections of occlusion and articulation were performed.
8.4. Method
The patients in the two groups were examined prior to extraction and at the
following moments after extraction:
1 and 10 days, 3, 6, 9 and 12 months"". If necessary extra appointments were
made in between these stages. As described in chapter 3 oblique cephalometric radiographs were taken: prior to extraction and at 10 days, 3 and 12
months after extraction. The resin key to standardize the position of the
mandible (chapter 4) was made in the session prior to extraction and was used
for all consecutive oblique radiographs. The measurements were taken from
tracings of the radiographs as already described in chapter 6. Each of the two
dentists, who carried out the treatment, also made the tracings. The mean of
their results are presented in this study.
During all stages the fit of the base and the occlusion and articulation were
checked and if necessary corrected. The patients were asked whether any
change had occurred in their health and fheir dental hygiene habits or even
their parafunctional habits. At each visit the canines were fluoridated'"1'"'.

'* Note: For a future investigation of this material additional information (models and periodontologic
data) «ere collected a! three months intervals.
»» Elmux fluid
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CHAPTER 9

RESULTS OF MEASURING MANDIBULAR RIDGE
REDUCTION IN COMPLETE
DENTURE- AND OVERDENTURE WEARERS
9.1. Introduction
The principal factors for denture stability are the morphology and the quantity of the denture-bearing surface available for functioning.
From a clinical point of view the relative reduction in height of the mandible
is more important than the absolute reduction. This is shown in figure 9-1.
The drawings A and B represent an absolute reduction of 10 mm in height.

I Fig. 9-1. A comparison of the same
amount of vertical
bone loss in
patients with
different heights of
the mandible.

Looking at figure 9-lA the situation becomes critical already as only half of
the bone height is left. Sometimes in these situations even the bone on top of
the mandibular canal has disappeared. Severe neuralgic pain caused by the
slightest pressure exerted on the exposed nerve will tease the patient. As only
little mandibular bone is left, surgical procedures to improve this situation are
difficult and run the risk of complications such as paraesthesia of the lip
(De Koomen, 1982). In situation B we see that after 10 mm reduction 75% of
the height of the mandible is still left. If surgical improvements are necessary
here they are easier to perform (Masella et al, 1983).
These considerations may seem to be of minor importance for a study started
just after the extraction of teeth. However, when in the course of time the re77

duction progresses, the patient with an initially high mandible has an advantage over patients with less initial height of the mandible. For this reason the
reduction in the following tables is given as a percentage of the total height at
stage 1. The mean height can be calculated by dividing the total surface area
by the width of the four sections (100 mm).
As we reported in chapter 8, the patients were matched in an attempt to eliminate the influence of factors such as sex, race and age which might bias the
results. The initial height of the mandibular bone was not taken into consideration, this in spite of a postulation by Atwood (1962) who believed that large
and high mandibles show less reduction than small and low mandibles. It was
impossible also to include this factor in the matching procedure because of
the small number of patients available for this study. As a conseqjence an
OD-patient with an initially high mandible may have been paired with a
CD-patient having a low mandible. Before analysing the results, the distribution of the mandibular heights of pairs of subjects will be considered in paragraph 9.2.1. In paragraph 9.2.2. will be discussed whether the statement by
Atwood can be confirmed by our findings.
As already mentioned, sex and age were taken into account in matching the
patients of both groups. Nevertheless it seems interesting to check if there is
any correlation with these variables (9.2.3.).
The results 3 and 12 months after insertion are summarized in Tables 9-VI
and 9-VII. Because we tried to match the patients from the CD- and ODgroup, the effectiveness of this procedure was checked. This will be discussed
twice; after both intervals of observation (9.2.4. and 9.3.1.).

9.2. Results after three months
The findings are summarized in Tables 9-1 and 9-II.
Table 9-1 Total area of the ' regions of interests of the mandible from the pairs of subjects at
stage 1 [0 months] and the reduction at stage 2 (3 months after insertion of the denture) in mm2 and in % of initial area
Overdenture wearers
Ratio
Complete denture wearers
(OD-group)
of
(CD-group)
relaInitial
Initial
reduction after
reduction after
tive
3 months
red.
area
area
3 months

Code
CD-01
CD-02
CD-03
CD-04
CD-05
CD-06
CD-07
CD-08
78

2

2944
2268
3264
2612
2938
3206
2527
3333

mm2
)V,
!
til

78
142
82
73
174

%
4.1
2.4
2.5
3.0
4.8
2.6
2.9
5.2

Code
OD-01
OD-02
OD-03
OD-04
OD-05
OD-06
OD-07
OD-08

mm2
2752
3113
2466
3237
3773
2894
2659
2979

mm2
45
111
36
37
80
25
60
112

%
1.6
3.6
1.4
1.1
2.1
0.9
2.3
3.8

p)
2.5
0.7
1.7
2.6
2.3
3.0
1.3
1.4

Table 9-]] . Total art1a of the 4 regions of interest of the mandibles from the unpaired subjects
Complete denture wearers
(CD-group)
Initial
area
Code

CD-13
CD-14
CD-15

Overdenture wearers
(OD-group)

reduction after
3 months

mm 2

mm-

2920
3087
2970

156
117
164

reduction after
3 months

Initial
area

%

Code

mm2

mm2

%

OD-10
OD-11
OD-12

3697
2705
3083

47
54
52

1.3
2.0
1.7

5.}
3.8
5.5

9.2.1. Distribution of the mandibular heights of the pairs of subjects
The initial area of the mandible of the CD- and OD-patients are plotted in figure 9-2. These values are obtained by adding the results of the four radiographs made just after the final extractions. They produce the base-line values
for the investigation.
Horizontally the values of the CD-wearers are indicated and vertically those
for the OD-wearers. The mean difference in height of the mandibles between
both groups is only one millimeter, which is almost similar. The averages of
the initial areas are 2886 mm 2 and 2984 mm 2 for the CD-group and the ODgroup respectively. In other words, even if the rate of reduction should depend on the initial height, there is no reason to be afraid that the results of
this investigation are biassed by a difference in the distribution of this height.
mm
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S
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c
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/
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Distribution of the
initial area of tbc
mandible of the
16 paired CD- and
OD-patients. Tlje
height in mm can
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Initial area of complete denture wearers
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9.2.2. Correlation between initial height and reduction
9.2.2.1. Correlation with the reduction in absolute values
In figure 9-3 a scatter diagram is shown in which the absolute reduction of all
22 patients is plotted versus the initial area in mm2. The four sections of interest together have a total lenght of 100 mm. By dividing the initial area by
100, the height of the mandible can also be compared. From the graph we
conclude that there might be a positive correlation between these variables.
Spearman's correlation coefficients (de Jonge et al, 1982) in Table 9-III show
that there is only a slightly positive correlation between the initial area (the
height of the mandible) and the reduction in mm2 for the CD-group.
mm
200

O = group OD
0 = group CO

150 -

O
D

O

100-1

111

Fig. 9-X
Correlation
Ivtween initial urea
of bone of CD- and
ODgroup and the
reduction in mm1
three months after
insertion.

50-

2250

2500

27S0

3000
3250
Initial area

3500

3750

4000

Table 9-III. Spearman's correlation coefficient r s between initial area and the amount of bone
loss (in mm 2 ) three months after insertion
(for a one-sided 5% level of significance r s is 0.53 for n = 11)
compl. denture wearers
overdenture wearers

Number

r

It
11

0.55
0.25

s

9.2.2.2. Correlation with relative reduction
Although the general pattern in figure 9-4 is the same as in figure 9-3, Spearman's correlation coefficients are now much closer to zero (Table 9-IV).
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Therefore it can be concluded that there is no pronounced relation between
the initial area and the relative reductions. Thus in this manner even an
unequal distribution of high and low mandibles over both groups will not
influence the results.

O

group OD

£

group CD

O
2 -

o

2250

2500

2750

3000

3250

3500

3750 1(000

Initial area

Table 9-1V. Spearman's correlation coefficient r s between initial area and relative reduction
after three months (for a one-sided 5% level of significance r s is 0.53 for n = 11)
compl. denture wearers
overdenture wearers

Number

rs

11
11

0.19
-0.04

9.2.3. The influence of sex and age
In figures 9-5 and 9-6 the reduction is plotted as a function of age for both
sexes. Figure 9-5 shows the results for the CD-wearers and figure 9-6 for the
OD-wearers. Based on the distribution of the (small number of) observations
in the figures 9-5 and 9-6 we can hardly detect any correlation between sex
and bone reduction. We may assume from figure 9-6 that older women have
less reduction than younger ones. These findings are in agreement with those
of Ismail et al (1968), Atwood et al (1971) and Mercier et al (1979). They all
found slightly more reduction in younger subjects. However, iheir findings
were not statistically significant, In our study the Spearman correlation coefficient is -0.70 which also excludes a statistical support for this assumption
(for a one-sided 5% level of significance rs is -0.80 for n = 5).

fig. 9-t. Scatter
diagram showing
correlation between
initial area of bone
and the relative
reduction after
three months.

COMPLETE DENTURE WEARERS

% y-5. CD-jirimp:
a»rcLitii»t between
reduction .ind .ige
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months iijti'r
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dentures.
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Age (years)

mm-

OVERDENTUR2 WEARERS

200

ISO

/•'in. y-6.

OD-group:

ainvLiliiDi between
reduction and age
for both sexes three
months after
insertion of the
dentures.

30

«0

50

Age (years)

9.2.4. The pairs of subjects
The factors determining how the patients of the CD-group and the ODgroup were matched are described in paragraph 8.7. To obtain an impression
about the usefulness of this procedure the relative reductions of the pairs of
subjects are plotted against each other (Fig. 9-7). This figure suggests that a
mi'dly positive correlation between the relative reductions should not be excluded.
However, the correlation between the relative reductions of the matched patients is not statistically significant. Only if we consider pair no. 2 as an outlier, Table 9-V suggests that there might be a mildly positive correlation (see
discussion 9.4). Based on these three months results it can be concl'ided that
matching pairs of patients might be useful.
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Table 9-V. Spcinnan's correlation coefficient r s between relative rolucticns of pairs of subjects
(for a one-sided 5% level of significance r s is 0.62 for n = 8 and 0.68 tor n = 7)
Pjirs
all
excl. no 2

r,.
(n = 8)
(n-7)

0.26
0.64

9.2.5. Comparison of the ridge reduction of the various sections between
the CD- and the OD-group
Except for one (CD-02), the CD-patients in figure 9-7 show more reduction
than the paired OD-patients However, observing the numbers of this
relative reduction in Table 9-1, we notice that five CD-patients have less
reduction compared to the patients OD-02 and OD-08. For all CD-wearers
figure 9-8 shows the average values of the four regions of interest on the
corresponding radiographs (30°, L + R and 45°, L + R) taken at stage 1 (continuous line) and stage 2 (interrupted line). The X-axis represents the lower
mandibular border. The Y-axis represents the vertical distance between this
border and the crest of the mandibular ridge. The two graphs on the left represent the frontal and lateral part of the left side of mandible; the other two
are the parts from the right side. The difference between the two lines shows
the vertical bone loss during the first three months.
From the graph in Fig. 9-8 an average loss :n height of 1 mm can be noticed
for all regions. In the OD-group the bone loss is less than in the CD-group except for the frontal area (Fig. 9-9). This limited region extends approximately
from 10 mm on the right to 10 mm left from the midline.
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% 9-7. Relative
reductions of eight
/w/rs 'f subjects
<//ftr ;/?r«' months.
77jf CD-wearers are
plotted hon/.ontally
and the ODwearers vertically.
77jt' average
reduction oj both
groups is
representen Iry the
interrupted line. All
but no. (02) show a
cluse relationship.

When comparing the results of both groups on an enlarged scale in figure
9-10 a distinctly smaller reduction for the OD-group is not only found in the
canine region but also in the lateral parts of the mandible.

MHNDIBULflR RIDGE REDUCTION IN COMPLETE DENTURE WERRERS
Fig. 9-8. Complete
demure wearers
(n = 11). The
average of
measurements of
the regions of the
left (L) and right
(R) side of d.
mandible at
insertion and after
three months.
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To test the significance of the differences in Fig. 9-10 we compared the total
of the relative reductions of the regions of interest on the four radiographs at
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the beginning and after three months. The null hypothesis There is no difference between the relative reduction of CD- and OD-wearen was tested against
the alternative hypothesis CD-wearers have a greater relative reduction than
OD-wcarers.
The ratio of the relative reductions of the pairs (Table 9-1) was used for Wilcoxon's signed rank test. The level of significance proved to be 0.012. We reject therefore the null hypothesis and we conclude that the CD-wearers have
a greater relative reduction than OD-wearers. This conclusion is supported
by the figures of the unpaired patients (Table 9-II). The mean of the relative
bone reduction for the CD-group is 3.4% and for the OD-group 2.1%
(8 pairs). Only the OD-patient of pair no. 2 has a greater relative reduction
than the matching CD-patient. (Without this pair we have mean values of
3.6% and 1.9% respectively, which almost means a factor two in favour of the
OD-group.)
9.3. Results after 12 months
The results of the measurements of the reduction over periods of 3 and 12
months after insertion of the dentures are given in Table 9-VI (paired subjects) and in 9-VII (unpaired subjects).
Table 9-VI Reduction after 3 and 12 months
Complete denture wearers
Area
at

insertion

Overdenture• wearers

Reduction
after
3
months

Reduction
after
12
months

Code

mm 2

mm 2

%

mm 2

CD-01
CD-02
CD-03
CD-04
CD-05
CD-06
CD-07
CD-08

2944
2268
3264
2612
2938

121

4.1

437 14.8
104 4.7
126 3.9
154 5.9
178 6.1
122 3.8
183 7.2
210 6.3

3206
2527

3333

54 2.4
82 2.5
78
142

3.0
4.8
82 2.6
73 2.9
174 5.2

%

Area
at

insertion

Reduction
after
12
months

Redu ction
after
3

months
Code
OD-01
OD-02
OD-03
OD-04
OD-05
OD-06
OD-07
OD-08

Table 9-VI1. Reduction after 3 and 12 months
Area at
Reduction
insertion
after 3 months
2
Code
mm
mm2
OD-10 3697
47
OD-11 2705
54
OD-12 3083
52
CD-13
2920
156
CD-14
3087
117
CD-15
2970
164

mm 2

mm 2

% mm 2

%

69
158
79
66
175
60
187
156

2.5

2752
3113
2466
3237
3773

45 1.6
111 3.6
36 1.4
37 1.1
80 2.1

2894

25 0.9
60 2.3

2659
2979

112

Ratio of
relative
red

3.8

5.1
3.1
2.1
4.6

2.1
7.0
5.2

/CD\

(ODJ

\ /
months
3 12
2.5 5.9
0.7 0.9
1.7 1.3
2.6 2.8
2.3 1.3
3.0 1.8
1.3 1.0
1.4 1.2

Reduction
after 12 months
%

mm 2

1.3
2.0
1.7
5.3
3.8
5.5

115
67
132
338
198
239

%
3.1
2.5
4.3
11.6
6.4
8.0
85

9.3.1. The importance of matching pairs of subjects
Because in 9.2.4. a slightly positive correlation was only found (or seven pairs
of patients, this correlation will be examined again.
From Table 9-V1II it can be seen that for the seven pairs as well as for the
eight pairs of subjects there only is a small difference between the correlation
coefficients for a 3 and 12 months interval. However, from statistical analysis
it appears that the correlation after 12 months is not significant. Conclusively, matching pairs of patients the way we did, does not seem to be of considerable importance.
Table 9-VI11 Spearman's correlation coefficient between relative reductions ot pairs of subjects
(for a one-sided 5% level of significance rs is 0.62 for n = 8 and 0.68 tor n = 7)
Time in

months

3
Pairs
all (n = 8)
excl. no 2 (n = 7)

12

s

rs

0.26
0.64

0.40
0.50

r

9.3.2. Comparison of the ridge reduction of the various sections between
the CD- and OD-group
The averages of the measurements are visualized in figures 9-11 and 9-12 for
the CD-group and the OD-group respectively.
Figure 9-11 shows that during the first 3 months after insertion of the denture slightly more reduction occurs than in the following 9 months. This also
MflNDIBULflR

Fig. 9-11. Graph
showing the
reduction for the
CD-group 3 and
12 months after
insert ion of the
dentures. The upper
half of the graph
shows the amount
of the bone loss on
an enlarged scale
after three months
(vertical shading)
and the following
nine months (dotted
area).
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applies tor the OD-group (Fig. 9-12). When comparing both figures it can
lie noticed that the total reduction ot the CD-group is almost twice as much
.is ot the OD-group. After 12 months this ratio has not changed very much,
further we observe that this effect ot minimized reduction for the OD-group
is not only evident in the area around the canines but also in the lateral seclions ot the mandible.
The individual reduction in the height of the mandible varies from 1.0 to
4.4 mm tor the CD-group and from 0.6 to 1.9 mm for the OD-group. Differences of the same magnitude tor CD-wearers were also found by Carlsson et
al (1967), Atwood et al (1971), Tallgren (1972) and Nicol et al (1979).
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9.4. Discussion and conclusions
We disagree with Carlsson and Persson (1967) that the reduction in height of
edentulous mandibles is less in the molar region compared with the frontal
region. Due to the fact that molars and premolars had been extracted threemonths before the investigation started, we can assume that our CD-patients
have at least vhe same vertical loss in the molar region as in the frontal region.
Although the rate of mandibular ridge reduction of the OD-group progresses
slowe; than in the CD-group much more reduction is shown in the incisor
region than in the molar region. This may be explained by the fact that also
in OD-patients the process of healing after extraction is accompanied by a
rapid reduction. In the following nine months the reduction in height of the
frontal region was comparable to the reduction of the molar region. The
effect of healing is apparently restricted to the first three months after extraction. In general, the vertical reduction observed in the CD-group was twice as
much as in the OD-group.
A remarkable finding is that preservation of the canines also influences the reduction in the posterior part of the molar region. Based upon mechanical
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considerations a reduction proportional to the distance from these teeth was
expected in this part. This finding supports the theory that the difference in
reduction does not fully depend on the distribution of masticatory force
or the presence of tooth substance as an independant factor, but also on the
preservation of the proprioceptors in the periodontium.
Through these receptors the neuro-feedback system protects against too
much pressure and is also responsible ior a minimal chewing load as a result
of a better food-transporting mechanism.
The individual rate of reduction varies greatly. The ratio between the largest
and the least amount of reduction for the CD-group is a factor four. For
the OD-group this difference is a factor three. Searching for causal factors
which could explain this variation in reduction the pre-extraction periodontal
status was considered, 'jut no correlation could be established. Inspection of
the health questionnaires of the patients of both groups did not reveal any
correlation between systemic factors and the rate of reduction either. Only
the hormonal balance of * "o women (CD-02 and CD-!5) might be a causal
factor, since it appeared that they became pregnant. However, a large difference in reduction is found between these women (see Tables 9-VI and 9-VII).
Therefore we have little evidence to consider pair no. 2 as an outlier as we
suggested in paragraph 9.2.4.
Many factors which might contribute to bone resorption have been discussed
before (chapter 2). Our efforts to exclude some variables by matching CDand OD-patients had practically no effect. It may be possible that the corresponding sites (and also the same number) of extractions were responsible
for the mild correlation we noticed in the first three months. After the process of healing other unknown factors are apparently more important to determine the rate of reduction. From their complex interrelationships little is
known yet. Further investigations are necessary.
Although the number of patients in this investigation was relatively small,
the findings are so evident that it seems to be justified to conclude that
OD-patients have less mandibular ridge reduction than CD-patients.
9.5. Summary
In this investigation we compared the reduction in height of the mandibular
ridge <n eleven patients receiving complete dentures with eleven patients receiving a lower overdenture and a complete upper one. Correlation was not
found between the rate of reduction and sex or age, nor between the relative
reduction and the initial height of the mandible.
During the first three months after insertion we found that the reduction in
the CD-group was approximately twice as much as in the OD-group. In the
following nine months this ratio did not change.
Twelve months after extraction the average loss in vertical height rated about
two millimeters for the CD-group, which is in agreement with findings of
others. The finding that the reduction in the lateral region is almost similar
with the frontal region is not confirmed by other investigators.
Finally it was concluded that preservation of some lower teeth is helpful in
reducing mandibular ridge reduction.
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CHAPTER 10

IN RETROSPECT AND PROSPECT
This study was started to obtain information about one of the presumed advantages of overdentures: limited resorption of the alveolar ridge in comparison with complete dentures. Following mandibular ridge reduction it was
found that this assumption holds true. Since the time of observation was
limited to w.ily one year it seems advisable to continue the investigation in
order to study the longterm effects of the therapy.
During all stages of this study plaster casts were made. It appeared that besides
the just mentioned reduction in vertical direction there is also a huge bone
loss in bucco-lingual direction (Figs. 10-1, 10-2). Sometimes we found even
more than 50% reduction in one year. This phenomenon was apparent in
both groups. Although precise comparison of the casts of the edentulous jaw
is difficult, the reduction in width was so prominent that it justifies the conclusion that in a study on bone reduction this aspect is at least as important as
the measuring of the bone height.

Fig. 10-1. Casts
showing the
reduction in width
of CD-patient after
12 months.

Fig. 10-2. Casts
showing the
reduction in width
in the frontal
region ofODpatient after
12 months.
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The morphological changes of the mandible of denture wearers were studied
by Carlsson and Persson (1970) with the use of casts. Two years after extraction the authors found a mean reduction of 3 mm in width in the frontal
region. As they observed only one dimension their results are, just as ours,
limited. For future clinical investigations it will be necessary to develop a
reliable method to measure the reduction in both directions. One of the problems with casts in a comparative study is the lack of reliable reference points.
An approach may be the simultaneous use of oblique radiographs and casts.
Estimating the midiine on these casts and making use of it to rotate the model
over angles of 30° and 45° according to the respective angles of projection of
the corresponding radiograph, we can transfer any given point within the
region of interest from the radiograph to the cast (I;ig. 10-3 and 10-4). After
sectioning the casts at corresponding places, profile records can be made (Fig.
10-5). The vertical reduction in a certain period ot time can be read from the
subsequent radiographs, hence it will be possible to align the profile records
in vertical direction (Fig. 10-6). Hfforts to develop such a technique seem to be
worthwhile.

/ig. 10J. Relation
I'CtliX'CIl CaSt Mid

tracing of'30°
OI'IK/IIC radiograph,

the height of the
»iandiblc can lv
read from the
cotrcsponding
position on the
tracing. M and C
represent median
line and distal side
•i/ cuspid
respectively.

I'ig. 10-4. Relation
ir'tween cast and
tracing ofV5°
oUuiiw radiograph.
•)Q

Fiji. W-i. Profile
I records can be
made photographically.

COMPLETE
right

DENTURE

midline

B = buccal

10 mm

L ' lingual

= first stage
= fifth stage

OVERDENTURE
right

B • buccal
L = lingual

left

midline

10 mm

% 10-6.
Alignment oj
profile reennk o)
casts of a CDpatient and an
OD-patient. Tlx
time interval is
12 months
(Courtesy
W.J. Davids).

first stage
fifth stage

Another possibility is the simultaneous exposure of the jaw and a standard reference wedge, which permits comparative microdensitometric studies. With
this technique the amount of bone mineral in bucco-lingual direction can be
followed. The sensitivity of this technique has been improved during the past
few years (Trouerbach, 1982). In this way qualitative changes of the bone can
also be followed.
The microdensitometric method also permits an analysis of the trabecular
pattern of the mandibular ridge. It is worth investigating this factor since it
may be related to the progress of the resorption after extraction (Donahue,
1980). Such studies may be helpful to understand the wide variability in ridge
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reduction, and what is even more important, it may be helpful in predicting
future progress.
Recently patient positioning techniques have been developed for direct coronal computed tomography (CT) of the body (Van Waes et a], 1982), which
theoretically also offers the possibility of making images of transverse sections of the mandible. Since the quality of these CT-images seems to be superior to the extra-ora! radiographs, it is worth in'estigating the applicability
for measuring mandibular ridge reduction. Whether such studies of the mandible are useful cannot be tested for the time being because of the unattainability of the equipment.
To explain the differences in mandibular ridge reduction between overdentures and complete dentures, information about the total amount of (chewing)
load may be helpful. It seems to be important therefore to investigate the following two assumptions:
1. The remaining root-support allows the overdenture wearers to exert more
chewing force, which as a consequence, will be practiced. For, in contrast
with complete denture patients, overdenture patients do not have to abandon firmer kinds of food.
The chewing force can probably be tested by evaluating the bone
reduction of the edentulous upper jaw. Because the load exerted by overdenture patients is higher, more resorption in the opposite jaw can be expected. A support for this theory is the observation that patients with
lower anterior teeth opposing an edentulous upper jaw show more vertical
reduction in the maxilla than patients with a complete lower denture
(Tallgren, 1966 and Kelly, 1972). This theory is in agreement with the results of a radiographic investigation of Crum et al (1978), who found
slightly more reduction in the maxilla of patients with mandibular overdentures compared to complete denture patients. Their findings were not
significant, however, probably as a result of the limited resorption in the
maxilla (approximately one quarter of the resorption of the mandible),
which makes detection of differences between groups extremely difficult.
2. Overdenture patients will exert less load than complete denture patients.
This may be due to a higher chewing efficiency as a result of a better coordination of the masticatory system by the maintenance of the neuromuscular reflex mechanism through the proprioceptive receptors in the
periodontium of the abutment teeth (Kay et al, 1976 and Mushimoto,
1981). The same mechanism will protect the supporting tissues against
overload.
The testing of the chewing efficiency of complete denture and overdenture
patients may indicate the correctness of this assumption. It is already supported by the observation that the reduction in the lateral section of the
mandible is not proportional to the distance from the abutment teeth.

SUMMARY
In chapter 1 of this thesis we mentioned the widely spread belief within the
dental profession that bone reduction can be reduced by the overdenture
technique. However, a well documented study to confirm this advantage of
overdenture therapy had never been carried out. The preservation of bone is
of utmost importance for the mandible, because its reduction is four times as
large as in the maxilla. For this reason it was decided to investigate the mandibular redi :tion in height of complete denture wearers and overdenture wearers.
To follow this reduction in the anterior region as well as in the lateral
sections of the mandible, an accurate and reproducible measuring method
was a prerequisite. It was concluded, after searching for a suitable method,
that a radiologie technique would offer the best chance.
In chapter 2 a survey is given of the literature concerning the resorption process after the extraction of teeth. This process has a continuous character,
with a rapid bone loss in the beginning which gradually slo-vs down in the
course of time. The possible etiologic factors which may influence the reduction were discussed. From the specific factors which are responsible for
the large differences in the individual rate of resorption not much is known
yet. The main preventive measures that dentists can take are preservation of
the natural dentaion and in case of partial loss, prosthetic appliances supported by as many i^maining teeth as possible. The ultimate consequence of this
principle is seen in the overdenture therapy.
Finally, when complete dentures are unavoidable a construction is necessary
which also guarantees a minimum amount of load on the residual ridge. Besides
that, instructions about oral hygiene, wearing habits, regular check-ups and
diet, especially in cases of diagnosed osteoporosis are very important.
In chapter 3 the oblique cephalometric radiographic technique was introduced as a promising method to measure mandibular ridge reduction. In a clinical study as we intended to carry out the precise registration of even the
slightest changes are important. Therefore, the reproducibility and the accuracy of the technique had to be determined and eventually refined to the
desired degree. First the reproducibility of the positioning of the mandible
was taken into consideration as this may be one of the main causes of errors.
Although the head of the patient can be accurately repositioned with the use
of earpins and nasion support, this does not guarantee the same accuracy in
repositioning the mandible in edentate patients. Certainly, the ever changing
restposition is not reliable. The occlusal face-height is also variable due to the
constant bone resorption as is demonstrated by many authors. Therefore the
reproducibility in the positioning of the mandible was unproved by the introduction of a mandibular support which permits a precise repositioning of the
edentulous jaw, even after long periods of investigation (chapter 4).
Studies have been carried out to calculate the reproducibility and the accuracy
of measurements obtained with the use of the oblique cephalometric radio93
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graphic technique, in conjunction with the newly developed mandibular support. These studies have been described in chapters 5 and 6.
Chapter 7 gives an introduction to the clinical investigation by describing the
various steps in making complete dentures and overdentures. The advantages
and disadvantages of both treatment procedures were also discussed. After
descr;'jng the set-up of the clinical study in chapter 8 the results are given
in chapter 9.
The oblique eephalometric radiographic technique as described in this study
proved to be a useful tool in evaluating even minor changes of 1 mm in height
of the mandibular alveolar ridge. In the first year after extraction the results
of the clinical investigation showed that the mandibular ridge reduction in
overdenture patients was about half the reduction found in complete denture
wearers. As patients often wear dentures for several decades, extension of the
observation time is necessary.
Finally in the last chapter (10) suggestions are given for further research in
order to improve insight into the mechanism of bone resorption.

SAMENVATTING
Bin non de tandheelkundige professie heerst veelal de opvatting dal bi) overkappingsprothesen de resorpüe van de betreffende kaakwal aanzienlijk minder is dan bi| volledige prothesen. Omdat dit plus.iunt nog nooit overtuigend
is bewezen, maar mogelijk voor vee! aanstaande prothese-patiënten van groot
belang kan zijn, is voor dit onderwerp gekozen. Reeds was bekend dat de resorptie van de tandeloze onderkaak, in vertieale zin ter hoogte van de mediaanlijn gemeten, vier maal zo groot is als in de bovenkaak. Mede omdat blijkens klinische ervaring patiënten de meeste problemen hebben met volledige
onderprothesen, richtte dit onderzoek zich op het resorptieverloop van de
onderkaak.
Door, zoals tot nu toe gebruikelijk is, alleen hei hoogteverschil in het gebied
van de mediaanlijn te meten, wordt het resorptiepatroon maar uiterst beperkt
in beeld gebracht. Onze opzet was juist om een zo groot mogelijk deel van de
horizontale tak te observeren. Daarvoor was geen nauwkeurige en reproduceerbare meetmethode voorhanden. Dit noopte ertoe een dergelijke methode
te ontwikkelen. Onze veronderstelling was, dat daarvoor het beste kon worden uitgegaan van reeds bestaande röntgenologische technieken. Alvorens
verder op dit onderwerp in te gaan wordt in hoofdstuk 2 een verslag gegeven
van literatuur met betrekking tot de gevolgen van het extraheren van ge bit.selementen op het kaakbot. Hier is sprake van een resorptieproces dat aanvankelijk snel verloopt, naderhand geleidelijk afneemt, maar nimmer tot een einde komt. De factoren, die hierbij een rol kunnen spelen, worden besproken.
Geconcludeerd wordt dat van de specifieke factoren, die verantwoordelijk
zijn voor de grote individuele verschillen in het verloop van dit proces, nog
maar weinig bekend is. Wel staat vast dat het spel van mechanische krachten
een belangrijke - zo niet de belangrijkste - factor is. Onder meer om die reden
is het behoud van het natuurlijke gebit de belangrijkste preventieve maatregel
die de tandarts ten dienste staat. Daarom ook zal hij, wanneer bepaalde elementen niet zijn te behouden en prothetische voorzieningen noodzakelijk
zijn, deze bij voorkeur op het restgebit atsteunen. De uiterste consequentie
van dit principe is de overkappingsprothese.
Wanneer tenslotte toch een volledige prothese moet worden gemaakt, dient
ook dan weer aan resorptie-preventie de grootste aandacht te worden besteed.
Ook hier weer moet een constructie worden nagestreefd, waarbij de schadelijke belasting van de kaakwallen minimaal is. Daarnaast is het nodig, om de patiënt te instrueren over mondhygiëne (paroprothosc.% draaggewoonte en over
de noodzaak van regelmatige controles. Tenslotte is het zeker in geval van gediagnostiseerde osteoporose van belang de patiënt voor te lichten over een optimaal dieet.
Uit hoofdstuk 3 blijkt dat voor de registratie van de bot hoogt e van de onderkaak onze keuze is gevallen op de schuin laterale extra-orale röntgentechniek. j
Om met deze techniek een grote mate van precisie te kunnen bereiken, is een
reproduceerbare positionering van de onderkaak een voorwaarde. Bij patiënten met een eigen dentitie is dit geen probleem. Men behoeft slechts over

goede fixatiemogelijkheden van het hoofd te beschikken en de patiënt in
maximale occlusie dicht te laten bijten. Zeker bij langdurig longitudinaal onderzoek is bij edentaten door de afname van de verticale dimensie als gevolg
van resorptie, deze methode niet betrouwbaar. Ook de rustpositie is onvoldoende constant om als referentie te kunnen dienen. Daarom werd een
speciaal apparaat voor het positioneren van de onderkaak ontworpen. In
hoofdstuk 4 is dit hulpmiddel beschreven. Uit de berekeningen in de hoofdstukken 5 en 6 blijkt dat met de schuin laterale röntgentechniek in combinatie met de zojuist genoemde kinfixatie-apparatuur een grote mate van nauwkeurigheid en gevoeligheid kan worden bereikt. Via de opnamen vastgestelde
hoogteverschillen van 0,3 mm kunnen al als significant worden beschouwd.
Voor lezers die niet thuis zijn op het terrein van de prothetische tandheelkunde worden in hoofdstuk 7, als aanloop tot het klinische gedeelte van dit onderzoek, de voor- en nadelen van volledige- en overkappingsprothesen tegen
elkaar afgewogen, waarna in het volgende hoofdstuk de selectie van het patiëntenmateriaal, de indeling en de verschillende fasen van de behandeling
worden beschreven. De in hoofdstuk 9 gepresenteerde resultaten leiden tot de
conclusie dat bij patiënten met in de onderkaak een overkappingsprothese,
gecombineerd met een volledige prothese in de bovenkaak, de hoogte-afname
in de onderkaak slechts de helft bedraagt van de hoogte-afname van de gelijknamige kaak bij volledige prothese patiënten.
Opgemerkt wordt dat het van belang is de observatieperiode, die in dit onderzoek 1 jaar bedroeg, te prolongeren, waarbij dan tevens aandacht moet worden besteed aan de afname van het kaakbot in horizontale richting.
Tenslotte worden in hoofdstuk 10 suggesties gedaan voor toekomstig onderzoek dat zou kunnen leiden tot een beter inzicht in het mechanisme van dit
resorptieproces.
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