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A LONGITUDINAL STUDY OF THE MATURE HUMAN DENTITION
-A PILOT STUDY

Abstract
by
Frances Karen Hamman

Presently, there are very few longitudinal studies of the aging dentition.
Accordingly, the purpose and objective of this study was to evaluate changes seen in
specific parameters of the dentition. To accomplish this, a longitudinal population of
orthodontically untreated individuals between the ages of 17 and 74 were examined.
Changes were evaluated from measurements of dental cast records of patients in the
Bolton Brush Growth Study, Case Western Reserve University. Patients were selected
from a population of mature individuals recalled for examination in 1982 (Behrent's
Recall) and 1992 (Update 2000). The cases selected for measurement were chosen
without regard to sex, facial profile, crowding of the mandibular anteriors, or Angle
classification. Patients were selected if they possessed complete dental records of the
adult dentition, had at least one record between age of 17 and 25, and a second record
after age 46. Each dentition had to possess natural maxillary and mandibular first
molars (i.e. no full coverage crowns). The parameters selected for measurement
included: Decayed, Missing, and Filled Tecth; overbite, overjet, arch perimeter,
intercanine distance, dental deflection, Angle classification, and deflection of the Angle

molar relationship. The relationships of these parameters were then described and



compared. Descriptive statistics and the Wilcoxon Matched-Pairs Rank Test were

employed to statistically analyze the change in the variables. In general the findings of

this investigation suggest that:

1.)  the majority of tooth loss/restoration seems to fall within a range of 6 to 15
teeth in a healthy mature dentition,

2.)  the parameters of the dentition that change significartly over time include:
overbite, maxillary and mandibutar arch perimeter, mandibular intercanine
distance, and dental deflection,

3.)  and the parameters of overjet, maxillary intercanine distance, and molar
deflection from Angle Classification show change over time, but this change
seems to be evenly distributed and not statistically significant.
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INTRODUCTION:

Aging...definition and description

Aging has many dimensions and can be characterized in many ways. It has
been defined by Thorndike and Barnhardt (1972) as " a becoming old or older...the
process of maturing.” Stedman's Medical Dictionary(1982) defines it as

"the process of growing old, especially by failure of replacement of cells in
sufficient number to maintain function... the gradual deterioration of a
mature organism resulting from time-dependent, irreversible changes in
structure that are intrinsic to the particular species, and which eventually

lead to decreased ability to cope with the stresses of the environment, thereby
increasing the probability of death.”

In other words, the effects of age and the aging process itself varies widely
between individuals. It is rooted in genetics and is influenced by disease experience,
nutrition, life style, and habits. We are all biologically unique and become more
diverse as we age (Adams 1991). Yet, as Richard Adeiman states, "one general feature
that does seem to characterize all aging individuals is a progressive modified ability to
adapt to changes in the surrounding environment (1989). One of features of the elderly
patient which has changed dramatically over the last 25 years is the retention of a
greater proportion of the the dentition. The severity of tooth loss has diminished
steadily over the years and this has been supported in studies by the NIDR (1985-86),
National Center for Health Statistics (NCHS) (Burnham 1974, Kelly 1979, and
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Harvey 1981), and the U.S Department of Health, Education, and Welfare (Johnson et
al., 1965). There are many possible reasons for this reduction in tooth loss and
edentulism. For example, caries incidence decreased due to the immediate and long-
term effects of flouridated public water systems; and improved public awarness
concerning the importance of dental hygiene and regular dental health care. In addition,
more attempts at "saving" teeth have been developed (i.e. root canals and prosthetic
replacement), and dental care itself has virtually become "pain-free.” Weintraub
(1985) states that edentulism will continue to decline despite the aging of the
population, and tooth loss of all kinds will decrease in all age groups over the long
term.

This study is important to the field of dentistry. To date, there is a good basis
of knowledge concerning aging teeth, tooth loss and edentulism. There are however,
significant gaps in the knowledge concerning change in the aging dentition in the areas
of arch perimeter, intercanine distance, incisor irregularity (dental deflection), overbite,
overjet, and molar classification. The reason for these gaps is two-fold. First, there
are very few comprehensive, longitudinal studies dating back to a time when patients
would be in their adult years today. Hence, a source longitudinal population for adult
information is lacking. The Bolton-Brush Growth Study is one of the few studies
available that provides longitudinal information on today's adult dentition. In that this
study began in the early 1900's, many of the patients are well into their adult years
today. In addition, it was a well designed and meticulously carried out study for its
time. Patients were recalled on a yearly basis in their early years providing an excellent
source of adolescent information. The recall of the Bolton patients in the 1980's
performed by Behrents (1985) opened the door for information on the adult patient.

The second reason for gaps in the knowledge of adult dentitional change has to
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do with the historical focus of orthodontics. The field of orthodontics has changed
drasticaily over the last 15 to 20 years, Twenty years ago, most practitioners would
have stated that the majority of patients they treated were in the 11 to 15 year age range.
In other words, orthodontics was targeted primarily to growing adolescents. Although
the growing child is still the primary focus orthodontic treatment, the age range has
broadened considerably. Both ends of the orthodontic treatment spectrum have
diffused. For example, today there is a greater emphasis on early, Phase I type
treatment in children ages 7 to 10. On the other end of the spectrum, adults from age
20 to 60 or older have become committed to improving their smile or functional status.
William Proffit (1989) states it most succinctly,

"Patients seek orthodontic treatment at older ages for two major reasons which
themselves are cormrelated with age. At present, the majority of adult orthodontic
patients are in the 25 to 40 age range. At this age, ts who desire orthodontic
treatment usually are seeking a general improvement, not only in dental health and
esthetics but also in their life situation. A typical situation mught be the 32-year-old
assistant professor who has always wanted to have his teeth straightened. Now he can
afford it. Besides, he estimates that the chances of tenure and eventual department
chairmanship might be better with teeth that no longer detract from his ce. The
number of people who seek orthodontic treatment for these reasons off sharply
above age 40.

The second major group of aduits, the group who are becoming increasing
important as the population ages, are those who seek orthodontics because they have
specific health care needs for which orthodontic treatment is important. They seek
orthodontic consultation because the periodontist told them that they may lose their teeth
unless something is done, or the prosthodontist said that without orthodontics, there is
no way to make a bridge. They tend to be in the 40 to 60 age range, although they can
be younger or older. This is the group that will provide the greatest increase in the
gglmbaxofafhﬂtorﬂmdonﬁcpaﬁmmmmefuune,simplybmmeofmepop:ﬂaﬁm

ge.”

With this need for adult treatment now so imminently upon the field of dentistry and
orthodontics, it is necessary to broaden the knowledge concerning specific change
in the adult dentition over time.



REVIEW OF THE LITERATURE

1. Overview of Aging

Aging is a gradual, continuous process... a "biologic continuum of life"
(Behrents 1985). It has been well-established that there are basic histologic,
biochemical, and physiologic alterations that are coincident with the aging process
(Ferguson 1987; Tice and Setlow 1985; Reff 1985; Naeim and Walford 198S;
Hausman and Weksler 1985; Harman and Talbert 1985; Kligman, Grove, and Balin
1985; and Bierman 1985). These alterations have an effect on the function of the aging
individual as well as on the entire skeletal system.

The aging individual has been described in many ways. Oral physiology is
generally believed to be age-stable in most healthy individuals (Ship 1992). However
in the presence of medical disease and treatment, many functions can deteriorate. In
addition, arthritic, visual, orthopedic, hearing, and speech impairments directly and
indirectly impact on oral health. This impact is more significant for the elderly who
have multiple medical problems. As Ship states (1992), nearly one half of the elderly
have arthritis, establishing it as the most common chronic condition among older
individuals.  Sinclair (1978) describes the aging individual as one who has a
diminished range of special senses—smell, sight, taste, and hearing; and one whose
memory, ability to solve problems, and concentration level are diminished. Stern et al.,

12
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(1980) further add that an aging individual sustains decreased breathing capacity,
thermal regualtion, basal heat production, and general motor performance, including
coordination. reaction time and strength. The owsward changes of aging that are most
often noted include changes in performance, superficial appearance, and function
(Behrents 1985).

Enlow (1990) describes the aging process in terms of changes seen in the
connective tissue. The dermis and hypodermis experience biochemical changes causing
the skin to be less firmly bound to bone and facial muscles, thereby leading to the more
leathery, wrinkled face of the aged person. The distribution and character of the
collagenous matrix changes with advancing age. Individual fibers increase in
massiveness and the skin decreases in resilience. Fibroblasts are reduced in number
and cellular activities, including secretion and overall amount of proteoglycans, are
diminished.

Age related changes in function and outward appearance have their basis in
numerous osteologic and physiologic modifications. Exon-Smith (1985) in the
Handbook of the Biology of Aging, states that many studies in experimental animals
and human subjects have shown a decrease in the proportion of dietary calcium
absorbed with increasing age. Additionally, aging is accompanied by the loss of bone
tissue from the skeleton. This atrophy corresponds to the atrophy of other tissues
which occurs with increasing age. Postmenopausal women in particular show the
effects of bone porosity by a reduction in strength and reduced resistance to fracture.
Rowe (1983), states that the radiographic density of the jaws parallel the rest of the
changes seen in the skeleton. As one might imagine, there are many histologic changes
that occur in aging bone as well. Tonna (1960) noted the changes in the osteocyte from
a filamentous to a spherical shape, the lacunae become filled, indicating cell death, and
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the total number of osteocytes decreases. The Haversian system also shows changes in
configuration with age. Shikata et al., (1987) demonstrated that in addition to reduced
calcified material, there are changes in the matrix with age, specifically the stabilization
of collagen and a slower turnover rate in bone, Healing of fractures is a longer process
in the older patient and the incidence of non-union fractures is higher. This delayed
healing is most likely due to the reduction in blood supply and a less cellular
periosteumn. (Adams 1991).

Manson and Lucas (1962), Jowsey (1960,1963), Kerley (1965) and Enlow
(1990) all describe alterations in the remodeling of bone. As Behrents (1985) points
out, the findings in many of the bone turnover studies are somewhat inconsistent with
each other; but all scem to show some degree of bone turnover at bony surfaces in the
adult. Hence the adult individual, like the growing individual, is not a static entity.

It seems that “change” is the only “constant” in the aging process. Change
occurs in essentially all cells and tissues of the body. It is apparent that "adulthood” is
not a stable physiologic and morphologic period. In fact "...the only beginning may be
birth with all processes continuing until the only ending, death” (Behrents 1985).

Bone, muscle, soft tissue, teeth

Some of the characteristic histologic and physiologic changes seen in aging
bone also pertain specifically to alveolar bone. The loss of alveolar bone where teeth are
missing is a well-known phenomenon. The rate of alveolar bone resorption varies
considerably between individuals and not all of the factors relating to this loss are
known. Even when teeth are present, there seems to be a gradual loss of bone at the
alveolar crest (Adams 1991, Tallgren and Solow 1991). The amount of this loss seems
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to be related to the periodontal status of the patient (Bailit et al., 1987, Axelsson et al.,
1991), the presence or lack of cervical tooth restoration (Markitziu 1988), and the tooth
oot structure i.e. single or multi-rooted teeth (Rohner et al., 1983). Reduction in the
height of aging alveolar bone however, is not necessarily related to occlusal wear (Baer
1963, Whittaker et al., 1985).

Karlsson et al., (1991) state that old age will inevitably result in a general
deterioration of all motor functions, including oral motor function. The oral cavity has
the sensory and muscular ability to perceive form, size, texture, and taste. These
proprioceptive functions decline with age (McMillan et al.,, 1978). For example,
Karlsson and Carlsson (1990) compared the characteristics of mandibular masticatory
movement in young and elderly dentate subjects and clearly found a reduced vertical
mandibular displacement and velocity in the elderly group. The groups compared had
mean ages of 30 and 80 and possessed an almost complete dentition (mean 26.3 teeth
present). The apparent difference in oral motor function for elderly and young subjects
was described as being dependent on an age-associated “impairment® of both central
and peripheral mechanisms, This degeneration of oral motor function, also seems to
occur whether the subject is edentulous or not (Karlsson et al., 1991). Age-related
changes such as decreased conduction velocity of the nerve impulse in sensory axons,
as well as of motor fibers of peripheral nerves, might explain part of the reduced
velocity. Campbell et al,, (1973) found that an increase in age seems to be associated
with a reduction of functional motor units, and a reduced mass of fast muscle fibers.
Newton et al., (1987) also found that the cross-sectional area of the masseter and
medial pterypoid muscle are significantly reduced with increasing age. In a similar
study of oral motor function in the aging population, Baum and Bodner (1983) found
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that lip posture, masticatory function, tongue function, and swallowing, all exhibited a
high prevalence for altered motor performance with age. All of these changes in oral
motor function however, have shown great individual variation with regard to the time
when oral motor impairment occurs. At the age of 80 years, most individuals tend to
show at least some functional deterioration (Karlsson et al., 1991). This reduction in
masticatory efficiency in aged individuals, regardless of its cause, can lead to poor
chewing habits and the possibility of digestive disturbances.

The soft tissues of the oral cavity also experience change with time. Connective
tissue fibers, as mentioned earlier, become thicker with age and the turnover is slower.
The salivary glands do not generally decrease in production of salivary flow simply due
to the aging process. However, these glands can experience hypofunction due to
radiation therapy and as a side effect of medications taken for blood pressure control,
cardiovascular conditions, or anxiety states (Ferguson 1987).

Aging teeth also possess a miriad of characteristics. The enamel of older teeth
is somewhat darker than it is for younger teeth. This is most likely due to absorption of
organic material from saliva and dietary sources over the years. Another reason for
visible darkening of teeth is increased translucency of enamel] allowing the yellow color
of dentin to dominate. Longitudinal cracks in enamel are generally evident over time
and can be due to mechanical stresses in the enamel or increased staining of the enamel
lamellae with dietary substances (Adams 1991). Loss of enamel by abrasion, erosion,
and/or attrition is another common finding in the mature dentition. The pattern and
degree of enamet loss varies considerably from patient to patient depending on the diet,
the occlusion or lack thereof, the musculature, disease processes, and everyday habits
such as bruxism or clenching (Lewis and Smith 1973, Mair 1992, Pdllman et al.,
1987, Seligman et al., 1988, Xhonga 1977). Occlusal wear reduces cusp height and
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inclination, resulting in an increased food table area and loss of sluiceways (Murphy
1959, Hasund 19685, Seligman et al., 1988). The rate of atirition may be coordinated
with other age changes such as continuocus tooth eruption and gingival recession.
Cementum is usually deposited in the apical region of the tooth as the tooth erupts, and
there appears to be a continuous increase in the amount of cementum with age ( Begg
1954, Ive et al., 1980, Whittaker et al., 1985). In cases where alveolar bone support is
reduced, the clinical crown tends to become disproportionately long thereby creating
excessive leverage on the bone. Attrition appears to reduce the clinical crowns and
therefore preserve the balance between the teeth and their bony support (Begg 1954,
Murphy 1964, Adams 1991). The deposition of secondary cementum is probably
related, in part, to maintenance of the length of attachment of the periodontal ligament.
Wear of teeth also occurs on the proximal surfaces and initiates a mesial migration of
teeth (Murphy 1964, Witter et al., 1987). Dentin hypersensitivity does not seem tobe a
large problem in the aged. Even though dentin can be exposed on the occlusal or
incisal aspects of the crown, or around the cervical margins of an aging teeth; the fact
that aging dentin is highly mineralized secondary dentin, seems to reduce or eliminate
some of the symptoms of hypersensitivity (Adams 1991). The aging pulp shows less
cellularity, decrease in pulpal space, increased calcification, more fibrous tissue, and
fewer nerve axons than a young tooth, thereby making dentin less sensitive (Bernick
1967, Grant and Bernick 1970).

The supporting tissues of the teeth undergo related changes with age. The
periodontal ligament shows an increase in fiber bundle thickness (Lavelle 1968, Adams
1991), decreases in vascularity and mitotic activity (Adams 1991), and increases in
arteriosclerotic change (Grant and Bemnick 1970). Changes in the ligament and
supporting tissues can be modified considerably in the presence of inflammatory
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periodontal disease. The ligament is broken down progressively from the gingival
margin allowing the epithelial attachment to migrate towards the apex of the tooth,
leading to gingival recession. This can have implications on the incidence of caries. A
common consequence of gingival recession, tooth retention, and continued eruption of
the mature dentition, is the increased prevalence of root caries.

The relationship between age and prevalence and severity of periodontitis is
complex. Previous literature stated that tooth loss in the elderly was primarily due to
periodontal disease (Brekhus 1929, Allen 1944, Pelton 1954). Today, periodontitis is
not considered a disease of aging (Burt 1992, Page 1984, Hunt et al., 1990, Adams
1991), The greater prevalence and severity in older people in most cross-sectional
surveys do not reflect greater susceptibility, Rather, periodontitis develops from the
accumulation and progression of lesions over time (Burt 1992). Most studies at this
time seem to indicate that root caries may be the primary cause of tooth loss (Hand et
al,, 1991, Niessen and Weyant 1989, Bailit 1987, Brown and Meskin 1988, Kalsbeek
et al.,, 1991).

It is that the best balance, the best harmony, the best proportions of the
mouth in its relation to the other features require that there shall be the
Jull complement of teeth, and that each tooth shall be made to occupy
its normal position—normal occlusion.

-Edward H. Angle, 1903

Tooth alignment and intercuspation relate to many functional activities, the
longevity of the deatition, and facial esthetics. (Moorrees et al., 1969) The occlusion of
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the posterior teeth plays an essential role in the position and arrangement of the teeth
following emergence, and the coordination of growth of the maxilla and mandible (van
der Linden 1991). For many years, the growth of the dentition has fascinated and
interested researchers in orthodontics. As a background to describing changes seen in

the mature dentition, a brief review of the changes in the growing dentition is presented.

Development of the Arch-
Adolescent Studies

Arch Length and Arch Width

There have been many longitudinal studies of the arch and its development
from birth to late adolescence. In 1940, Joseph Cohen examined 28 children, 15 males
and 13 females between the ages of 3 1/2 to 13 1/2 years. Over this growth period, he
noted several conclusions as to tooth eruption and arch development or arch perimeter.
First, he stated that the greatest lateral growth of the arch occurred in the cuspid area;
this growth occurred primarily during the eruption of the permanent incisors. Second,
the distance between the mandibular cuspids reached its maximum at age 8 1/2 and from
then on, he felt that little increase occurred. Increase in distances between the maxillary
cuspids was greatest between the ages of 5 and 8, and a slow, steady growth ensued
from that point until about 12 years of age. In the time frame studied, Cohen also noted
that there was little lateral growth of the arches between the first permanent molars and
only a slight growth of the arches between the premolars. Additionally, there was a sex
difference noted whereby the dental arches of females, especially the mandibular arch,
tended to be wider in the posterior section than the males. The anterior section,
however, was narrower in the female than the male. His small sample size may be the

primary reason for this distinction. He concluded by stating there is a wide variation in
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the development of the dental arches and it is common for individual children to depart
from the patterns he described.

In a similar study, Barrow and White (1952) examined 528 sets of serial
casts of 51 children, age 3 to 15, for changes in occlusal relationships during the period
from completed primary dentition to the eruption of all permanent teeth except the third
molars. They endeavored to measure the amount of growth occurring within and
between the various areas of the primary and permanent dentitions. Their observations
included the spacing and crowding of anterior teeth, classification of occlusion, arch
form, depth of bite, dental arch width (measured at the canines, second primary molars,
and first permanent molars), and dental arch length. In terms of crowding, there was
consistently more crowding in the mandibular arch than in the maxillary arch, Occlusion
was classified on the basis of molar relationship, and it was determined that those cases
classified as “normal” or Class I according to Angle showed the least change in molar
occlusion during the transition from primary to permanent dentition. The arch form was
classified according to shape and it was explained that the primary arch before eruption
of the first permanent molars is very short and trapezoidal in form. Examination of
individual series of casts revealed that the form of the maxillary and mandibular dental
arches changed only slightly during the period from the primary to the early permanent
dentition. The depth of the bite was measured to be nearly constant throughout the
primary and permanent dentitions. It was noted that the depth of the bite was
established after the permanent incisors had erupted sufficiently so that the incisal edges
of the mandibular anteriors came in contact with the lingual surfaces of the maxillary
incisors. The width of the arch between the canines showed the following
characteristics: (1) little intercanine arch width change from 3-5 years, (2) the intercanine
width increased very rapidly from 5 to 8 or 9 years of age (4 mm in maxillary arch and
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3mm in mandibular arch), (3) in most cases the maxillary and mandibular intercanine
arch widths steadily decreased in amounts varying between 0.5mm and 1.5mm after 14
years of age. The dental arch width between the second primary molars showed that
from 5 to 10 years of age, the width of both arches increased approximately 1.5mm.
From 7 to 11 years of age the average increase in intermolar width (between permanent
first molars) was 1.8mm in the maxillary arch and 1.2mm in the mandibular arch. From
11 to 15 there was an average decrease in intermolar width of 0.4mm in the maxilla and
0.9mm in the mandible. This decrease in intermolar width following the 11 year
measurement was due to mesial drift of the first permanent molars after the loss of the
primary molars. From 15 to 17 years of age, more than half of Barrow and White’s
cases showed a continued decrease in intermolar width. Dental arch length showed
similar changes. Between 6 and 12 years there was an average increase in arch length of
1mm in the maxilla and a decrease of 1.12mm in the mandible. Further decreases in both
arches continued from age 12 to 17. Barrow and White cited three main reasons for the
decrease in arch length: (1) closure of interproximal spacing of posterior teeth, (2)
lingual movement of anterior teeth, especially the maxillary incisors, and (3) normal
wear of the proximal contact surfaces of all teeth. In general, they concluded by stating
that “the permanent teeth through the years move and wear in many ways resulting in a
shortening of the dental arches.”

Longitudinal smdies of the developmental changes in dental arch perimeter
by Nance (1947), Speck (1950), Knott (1961,1972), DeKock (1972), and Foster et.al.
(1977), showed similar results and measurements stating that dental arch perimeter
expetiences the greatest lateral growth in the cuspid area; growth occurs primarily during
the eruption of the permanent incisors; there is wide variation in the development of the
dental arches; and over time it seems that arch perimeter tends to decrease. Fisk (1966)
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and Lundstrdm (1969) added that some mesial migration of the buccal segments
contribute to the overall decreases in arch length. Sillman (1964) included patients from
birth to age 25 in his study. Essentially, he found no evidence of significant increases in
arch length or width beyond age 13 or fourteen.

The development of dental arch width has also been a topic of considerable
interest over the years. Virginia Knott (1961, 1972) collected the dental arch widths of
orthodontically untreated subjects (n= 21 males and 14 females) aged 4 to 26 at four
consecutive stages of the dentition. Her sample was taken from serial records collected
at the University of Jowa between 1946 and 1960, and 1968 and 1971. The dental
widths measured on each arch included the: 1.) maximum rectilinear distance between
the lateral incisors, 2.) maximum distance between the canines, and 3.) the maximum
rectilinear distance between the deciduous second molar teeth or second premolar teeth.
These measurements were made on maxillary and mandibular casts at four stages of
dental development designated as: deciduous, mixed, permanent, and young adult; with
the approximate ages of 5-6, 9-10, 14, and 26, respectively. The findings of this
longitudinal study showed that the average size of the dental arch was greater for males
than females, and that the changes between the stages in the arch widths were distributed
similarly for males and females. In the transition between complete deciduous dentition
to permanent dentition (young adulthood), the least mean change in arch width was
registered from the mandibular deciduous second molars to the width of their
successors. Additionally, for most of the individuals, the maximum intercanine distance
of both arches showed little change after the "permanent dentition stage" was attained.
In the mandibular arch, any increases in the intercanine width occurred largely before
eruption of the permanent canine teeth.
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Similar findings were seen in the deciduous dentitions of subjects involved
in studies of dental arch widths by OWReilly (1951), whose sample of 130
orthodontically untreated children from the University of Iowa included dental casts and
radiographs. DeKock (1972), who investigated the longitudinal arch width changes in
subjects age 12-17 and age 26 (n=16 males and 10 females) found similar results for the
"permanent dentition stage” as described by Knott. Guy Woods Jr. (1950) reported
similar results in his radiographic study of arch width dimensions. The sample he
utilized consisted of 28 patients (n=14 males and 14 females), 25 of which were
orthodontically untreated Class I malocclusions, one untreated Class II, one untreated
Class III, and one treated Class I malocclusion. The patient age range was between 3
and 15. He found the following concerning the dentition: 1.) the maxillary intercanine
width increased gradually during the growth period [no specific time frame noted]
except for a decrease between ages 7 and 12; 2.) the mandibular intercanine width
remained the same during the ages of 3 to 15 except for a decrease in width between
ages 6and 11; 3.) the width between the maxillary first molars increased until the teeth
came into occlusion and then continued to increase at a much slower rate; and 4.) the
widths between the mandibular first molar decreased gradually until the teeth came into
occlusion. After the teeth came into occlusion, he stated that increases or decreases in
width remain constant. He also found that the principal difference between the sexes
was one of size, with the females being slightly smaller than the males, in all
dimensions.

In addition to the development and change of the arch width and perimeter,
the literature also states that there is a strong tendency for the orthodontically untreated
mandibular arch to become more crowded after the eruption of the second permanent
molars. Authors such as Moorees et al., (1979), Richardson (1986), Lundstrdm
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(1969), Sinclair and Little (1983), and Bishara et al., (1989) have all reported increases
in crowding within the age range of 12 to 27. Robert M. Little (1975), well-known in
the field of mandibular anterior alignment, developed an index for what he felt to be the
most frequently occurring characteristic of malocclusion: anterior dental crowding. The
Irregularity Index was designed to provide a quantitative score of mandibular alignment.
Several other examiners have developed indices to illustrate the malalignment of
crowded anteriors. For example, the Handicapping Labio-lingual Deviation Index
(HLD Index) developed by Draker (1960), the Treatment Priority Index (Salzmann,
1970), the Index of the American Association of Orthodontists (Salzmann 1968), and
the Ackerman-Proffit Rating Scale bave been utilized by researchers and clinicians alike
to evaluate and diagnose the amount and severity of dental crowding. Other methods of
establishing anterior tooth malalignment have been proposed by Barrow and White
(1952), Bjork and colleagues (1964), Grewe and Hagan (1972), and VanKirk and
Pennell (1959). Dental crowding and its relationship to mesiodistal crown diameter was
also studied by Radnzic (1988), Doris et al., (1981) and Howe et al, (1983). They
independently found no significant comrelations between cumulative mesiodistal crown
width and dental crowding. This suggests a complex interrelationship among

cumulative mesiodistal crown widths and various arch dimensions.

Mandibular Incisor Crowdi

The relationship between mandibular incisor crowding and lateral
craniofacial morphology has also gathered considerable interest over the years. Fisk, in
1966, felt there was a correlation between mandibular anterior crowding and the growth
vector of the mandible. Leighton and Hunter (1982) also supported this view.
Lundstrdm (1969) and Richardson (1986), on the other hand found no cormrelation
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among arch dimension changes, incisor position changes within the mandible, and the
direction of mandibular growth. All of these were longitudinal studies. Rainer Miethke
and A. Behm-Menthel (1988) designed a cross-sectional study to examine the possibility
of a correlation between mandibular incisor crowding and incisor position relative to
craniofacial morphology. A correlation analysis and a factor analysis of their data
supported previous findings by other authors that, no correlations exist between the
parameters of mandibular incisor crowding and vertical skeletal morphology; rather,
mandibular incisor crowding is a local, independent, and genetically determined
discrepancy between tooth width and size of supporting bone. Regardless of the
influence of mandibular growth (or lack thereof), the fact remains that mandibular
incisor crowding or malalignment is of considerable importance in examining and
treating the dentition.

The dentition, therefore seems to show reduced spacing between teeth with
age and an increase in crowding in both the deciduous and permanent dentitions over
time. Measurements on arches have shown that the trend is primarily due to a reduction
in anterior-posterior dimension rather than in the transverse dimension. This observed
shortening may be ascribed in part to certain local factors i.e., mesial migration of the
teeth, or lingual tipping of the anteriors. This phenomenon has been substantiated by
Cohen (1940), Nance (1947), Speck(1950), Woods (1950), Barrow and White (1952),
Knott (1961, 1972), Vego (1962), Sillman (1964), Fisk (1966), Lundsttdm (1969),
Moorrees (1969), DeKock (1972), and Foster et al., (1977). Mandibular incisor
crowding or malalignment is a topic of considerable importance when considering the
dentition, and many indices and methods have been developed throughout the years to

measure its severity .
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Third molars have also been attributed to having an effect on the spacing or
crowding of the dentition. The belief that mesial forces from unerupted third molars
tend to crowd the mandibular anterior teeth remains a controversy in dentistry today.
Vego (1962) found an increased amount of crowding in subjects with erupting third
molars compared to subjects with a congenital absence of third molars. Similarly,
Lindgvist and Thailander (1982) found less tooth crowding on the side where erupting
third molars had been extracted, than on the contralateral, non-extraction side. The
Belfast third molar studies conducted by Richardson (1979, 1986, 1992) further
indicated evidence in support of the "pressure from behind" theory.

On the other hand, Bjérk and Skieller (1972) found no clear evidence that
crowding was caused by erupting third molars. Kaplan (1974) concluded that the
presence of unerupted third molars does not produce a greater degree of mandibular
anterior crowding after orthodontic retention. Ades et al, (1990) reported no
postretention differences in mandibular crowding among subjects with functional third
molars, absence of third molars, third molar impaction, or third molar extraction.
Southard et al., (1991) in a study of mesial force exerted by unerupted mandibular third
molars, found that the removal of third molars for the exclusive purpose of relieving
interdental pressure and thereby preventing mandibular incisor crowding was
unwarranted. The significant point here, is that there appears to be a natural tendency
for incisors to crowd in adults-many times, long after the pressure of erupting third
molars would be exerted (Southard 1992), Additionally, this natural tendency for
crowding seems to occur when third molars are present, absent, or impacted. It is
obvious there is a general lack of agreement regarding the influence of third molars on
dental crowding. This thesis will not attempt to sway the argument in either direction;
rather it will serve only to provide additional information on the presence or absence of
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third molars in this adult sample. As will be noted later, the sample size of this thesis is
too small to lead to significant conclusions as to the influence of third molars on

mandibular incisor crowding, or cormelations between third molars and changes in the
adult dentition,

Specific Studies of the Adult Dentition

It is uncertain to what extent the various traits of the malocclusion remain
stable over time (Helm and Petersen 1989). Also, it is often difficult to delineate
occlusal changes in the adult since extraction or restoration itself involves an alteration of
the occlusion and influences the subsequent occlusal changes. Another difficulty in a
serial investigation of the adult dentition lies in the fact that it is best camried out on
dentitions with complete arches where very little, if any prosthetic restorative work has
been performed. Moreover, changes in the adult dentition occur slowly. It is because
of these, and many other problems that the adult dentition has not been examined
extensively. Generally, the changes seen in a mature dentition include tooth loss,
increasing numbers of filled teeth, tooth migration, and attrition, both occlusally and
interstitially. As Beyron (1954) states,

"...a single examination provides but a cross section, a momentary picture of
a lengthy process. Knowledge of the changes that various types of adult
occluaonundergowoflmpmmemmfmtheevaluauonof“

occlusion, for treatment planning and for prognosis of occlusal correction
and rehabilitation. "

A severe compromise to dental function is tooth loss. Therefore, reductions
in caries and periodontitis, two of the most common causes for tooth loss, are
extremely important indicators of improved oral health, and are a primary focus of heaith
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promoation efforts. Many recent studies provide evidence that the oral health in the
United States is improving. Across the nation, the incidence and extent of decay in
children and young aduits is declining (Brunelle 1989, Graves et al., 1986). Miller
(1987) reports that in older adults, untreated caries, the amount of advanced
periodontitis, tooth loss, and edentulism are declining. These facts are supported by
Weintraub and Burt (1985), Graves and Stamm (1985), and Johnson et al., (1965). In
a study of 572 adult patients with an average age of 60.1, Brown and Meskin (1989)
state that there is very little recent evidence that periodontal diseases are a major cause of
tooth loss. Rather, caries was found to be the major cause of tooth loss in the adult
population. Findings reported in studies by Hunt et al., (1990), Bouma et al., (1987),
and Miyazaki et al., (1991) support Brown and Meskin's conclusion.

Recent studies by Bjertness (1991), Palmqvist et al., (1991), and Johnson et
al., (1992) have investigated additional factors in the aging dentition. Epsen Biertness
designed a study to analyze the relative importance of oral hygiene and other selected
independent variables on the number of carious surfaces in a random sample of 142, 35
year old Oslo, Norway citizens. In addition to oral hygiene status (OHI-S), the
independent variables of frequency of tooth cleaning, regular dental visits, years at
school, sex, and number of filled and missing surfaces were included in the analysis. It
has been well established that plaque has to be present on a tooth surface to promote
caries, but the relationship between oral hygiene and caries remains controversial
(Bjertness, 1991; Loe et al, 1972). The results of the study showed oral hygiene
status, regular dental visits, and years at school to be statistically significant relative to
the number of carious surfaces present. As one might suspect, the better the OHI-S
score (low value), the more frequent the dental visits, and the more educated the
individual, the fewer the carious lesions observed. The educational level may not
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always indicate the positive results described in this study. Bjertness also pointed out
that other factors must be taken into consideration when examining the aging dentition,
such as dietary habits (Johnson et al., 1992), oral microflora, salivary factors,
cognition, motor function, and behavioral factors.

Palmgqvist et al., (1991) performed a questionnaire study on 3000 randomly
sampled individuals aged 45-69 years of age living in Orebro, Sweden. The purpose of
the study was to describe dental conditions in that population and to note differences in
dental conditions between various socioeconomic groups. The distribution in dental
categories was studied for subjects grouped by age (45-49 years; 50-54 years; 60-64
years; 65-69 years), gender, marital status (married; unmarried; divorced; widowed),
place of residence (city; village; rural), individual income, and education (short-up to 9
years; medium-10-12 years; long-more than 12 years). In general, the results were as
follows: (1) the percentage of subjects having all teeth present decreased with increasing
age, whereas the percentage of those totally edentulous in one or both jaws increased
with age; (2) married men showed better dental conditions than other men; (3) widowed
women showed the poorest dental conditions compared with both the married and
unmarried women; (4) unmarried women tended to have better dental conditions than
even the married women, but this was not statistically significant and; (5) subjects in
lower income groups reported poorer dental conditions than those in higher income
groups. Those with the short education had the poorest dental conditions while those
with the longest education had the best. This finding would tend to support the results
by Bjertness (1991). Compared to earlier studies by Palmqvist’s colleagues, this study
found that there was an overall improvement of dental conditions. In the early 1960’s ,
53% of the Swedish population in the 45-64 year age group were totally edentulous. In
1983-84, the corresponding figure was 18% for the age group 50-69 years, and in this
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study the totally edentulous subjects constituted 6% and 11% of the age groups 45-64
and 50-69 years, respectively. It may be possible then to extrapolate an overall
improvement of the aging dentition as a function of medical technology, dental education
and advances in dentistry itself.

Beyron (1954) reported a serial investigation of occlusal changes in the adult
dentitions. He used the term “occlusal changes” to mean the formation of facets of
attrition on the occlusal surfaces and changes in position and inclination of the teeth.
The investigation concerned itself primarily with the following questions: What are the
appearance and localization of the occlusal changes? What are the factors that influence
the appearance and localization of these changes? Since attrition occurs frequently on
the tooth surfaces that are in contact in eccentric positions of the mandible, this study set
out to investigate each individual type of mandibular movement, especially of contact
gliding. They were concerned with changes in the occlusal surface and the position of
the teeth in connection with the stresses on the supporting tissues. Their study sample
consisted of 138 patients with complete or almost complete dentitions. Patients were
excluded if (1) the dentitions required extractions or fairly extensive restorative
treatment, (2) the patients gave evidence of bruxism or a similar condition, or (3) the
dentitions were such that maximum intercuspation did not accord with centric relaxed
mandibulocranial relation (centric relation). The final study group consisted of 44
clinically healthy adults, varying in age from 23 to 36 years. In this age range, it was
thought that characteristic attrition usually begins, but has not yet reached an extreme
stage. No clinical symptoms of periodontal disease were present at the initial
examination. The dentitions were complete or almost complete, and only minor
restorations had been carried out before the initial examination. There were various

types of occlusion, including local malpositions. The occlusal contact in all dentitions
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was such that maximum intercuspation accorded with centric relation. In eccentric
relations, the occlusal contact varied considerably. The method employed by Beyron
consisted of (1) an oral examination of occlusion, (2) analysis of occlusion in an
adjustable articulator and, (3) study of mandibular movements. Each dentition was
studied during incision and mastication, both with and without food. Special emphasis
was placed on the gliding movements with the teeth in contact. Observation of these
“movement patterns” was recorded for each patient and was marked according to
whether pronounced (long) or restricted (short) gliding movements occurred, and
whether pronounced movements in one direction were prodominant while movements in
other directions were restricted. The examination procedure was repeated for each
patient at intervals of 2 to 3 years for periods of 8 t0 12 years. Therefore, the evaluation
of the dentition of each subject was based on a series of clinical observations and a
series of casts mounted on the articulator. The results were grouped according to
movement patterns: multidirectional gliding movements, predominating bilateral
movements, predominating sagittal movements, predominating unilateral movements,
and predominating unilateral movements with an anterior component. Specific
observations were made for each of the types of movement, but some general
conclusions were drawn as to changes in the dentition. For the most part, all teeth
showed attrition. The contact surfaces had increased, and contact was extended to
include more teeth in both lateral and protrusive positions. Some cases (predominating
bilateral and sagittal movements) showed a slight tipping of the cuspids and lateral
incisors labially in the maxilla and lingually in the mandible. In general, occlusal
changes as studied by Beyron seemed to develop in accordance with the individual
pattern of gliding movements with the teeth in contact. The most notable changes

included attrition, tipping, and migration of teeth. The effect of attrition varies from
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favorable to unfavorable, and depends on the form and the amount of attrition that
occurs.

A study by Helm and Petersen (1989) examined the individual changes in
malocclusion from adolescence to adulthood. The aim of this longitudinal study of 176
subjects, was to assess whether certain, pronounced traits of the malocclusion changed
from adolescence to age 35-39 years. The criteria for selection included at least one of
the following pronounced traits of malocciusion at the imitial examination: extreme
maxillary overjet (>9mm); mandibular overjet; deep bite (>7mm); frontal open bite;
crossbite in the canine/premolar and molar segments, uni- or bi-laterally; maxillary or
mandibular crowding (>2mm) in incisor and at least one lateral segment; maxillary
spacing (>2mm) in incisor segment and/or medial diasterna; and congenital absence of
one or both maxiilary lateral incisors. In 1965/66, 148 patients exhibited more than one
of the above traits of malocclusion and a comparison group consisted of 28 subjects
with "no malocclusion.” At the final recall, 10% of the patients had undergone
orthodontic treatment. The changes observed over the next 2 decades were as follows:
extreme maxillary overjet persisted; deep overbite remained constant, with a tendency
towards increasing frequency and severity; open frontal bite showed a slight tendency to
disappear with time; and cross-bites remained constant. Changes occurred in parameters
that measured spacing and crowding as well. Maxillary crowding that exceeded 2 mm
was persistent, with no clear tendency for increasing or decreasing occurrence; while
mandibular crowding showed a clear trend to either persist or become more common
between subjects. In particular, crowding in the mandibular incisor segment showed
increased frequency. Of the original 148 subjects with a malocclusion present in
1965/66, 139 "maintained” their malocclusion, while 9 showed no malocclusion. Of the
9 showing no malocclusion in 1986/87, 3 received orthodontic treatment, 5 exhibited
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only 2mm. (or more) of maxillary spacing which seemed to resolve itself, and one
subject remained unaccounted for. Of the original 28 subjects in the control group,
(originally selected to have none of the outlined traits of malocclusion) 27 exhibited no
change in malocclusion, while one subject developed a malocclusion. No description
was given as to the extent or severity of malocclusion that developed in that subject.
Overall then, the study concluded that deep overbite and anterior crowding in the
mandible tend to increase in frequency, and the occurrence of other traits of the
malocclusion are remarkably stable over time. In that most of the patients had not
completed their growth in 1965/66 (mean age 15-19), late growth changes and tooth
eruption must be taken into account when considering the results of the study.

From a cephalometric standpoint, the dentition also demonstrated
considerable activity in terms of adjustment and compensation with age, according to
Behrents (1985). The teeth and surrounding alveolar structures moved away from the
cranial base. This process was related to sex of the individual and showed continued
movement with age. Down’s occlusal plane, relative to Frankfort plane, showed a
significant trend to an increasing angle or steeper occlusal plane. In relation to the
palatal plane, the S-N plane, PM vertical plane, and functional occlusal plane show a
decreased angulation in males and stability in females. Therefore, while the female
occlusal plane tends to be steeper to begin with, it remains fairly stable throughout time.
Males, however, show a consistent change toward a flatter occlusal plane. The axis of
the maxillary incisors, when measured according to nasion-A point, S-N plane, palatal
plane, and mandibular plane indicates that the maxillary incisor is constantly uprighting
with age. The axis of the maxillary molar relative to palatal plane shows a distinct
uprighting in the male and a tendency toward a more distal inclination in the female. The

axis of the mandibular incisor showed a consistent inclination when measured to nasion-
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pogonion, A point-pogonion, Frankfort plane, S-N, palatal plane, Down’s occlusal
plane, and mandibular plane. The female exhibits a strong tendency for anterior
inclination of the mandibular incisor in relation to maxillary facial structures, Relative to
the mandible however, they are more upright than males. This finding was consistent
with the relatively retruded mandible seen in females where mandibular anteriors tilt
foreward in an effort to maintain contact as the mandibular plane rotates clockwise. It
may be stated then that the maxillary incisors upright in both sexes with age and the
mandibular incisor tilts anteriorly primarily in the female. The interincisal angle
therefore changes significantly in the male but remains stable in the female. The
mandibular molar relative to the mandibular plane, moves complementary to the
maxillary molar, with the molar becoming more upright in the male and tipping mesially
in the femate,

Some of the movements described above may be the result of the teeth being
carried by bones as they remodel foreward, but it is also due to the fact that the teeth
themselves adjust via attrition and wear, and continue their eruption as the alveolus
changes with time. The maxillary arch measured from palatal plane showed positive
increases in the height of the alveolus anteriorly and posteriorly, and continued eruption
of the anterior and posterior teeth, Similar alveolar and eruptive changes occurred in the
mandibular arch. Attritional changes in the teeth have been noted by Hasund (1965),
Murphy (1959), and Manson and Lucas (1962).



35

4. Adult Craniofacial Growt}

There are numerous studies on the morphologic changes of the craniofacial
skeleton. Generally, these studies center on the growth seen in children. In recent
years however, there has been greater interest in the possibility of craniofacial change in
the adult.

Changes in the human skull have been reported as ecarly as 1858, by
Humphrey, who stated that the cranium becomes thicker with age. Additionally, in
1864, he stated that the loss of teeth results in a change of function and a widening of
the gonial angle. Boersma (1974) studied lateral radiographs of the heads of persons
between 58 and 91 years, and found slight dimensional changes in the nasal floor,
cranial base angle, and anterior cranial base. In that this study made no reference to the
state of the dentition, and matched its subjects only on age and sex, interpretation may
be somewhat limited. Boersma did note that the length of the nasal floor showed
significant increases in the aging female in comparison to men. Overall, the study
demonstrated that women gencrally are smaller than men, and the differences between
men and women tend to become more pronounced with age. Harry Israel, also a
proponent of continued growth in adulthood, carried out a series of studies in the late
sixties and seventiecs. The results of his work were somewhat scrutinized by fellow
researchers because his lack of precision and consistency in record gathering made the
results of his study seem unreasonable. In short, he felt that the entire craniofacial
system was involved in a process of symmetrical, "magnifying" enlargement
throughout time. As Behrents stated (1985) concerning Israel's work, "it is likely that

biology was assessed but was difficult to accurately quantify”. Behrents (1985) states,
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"With biologic changes occurring throughout the body and with certain disease
states and therapeutic interventions such as orthodontics effecting changes, it

is perhaps illogical to suggest that the craniofacial complex with its elaborate
sensory systems would be completely dormant and nonadaptive throughout the
post-adolescent ages."

In order to explain the changes seen in the craniofacial complex of the adult,
Behrents uses the term "adult conformational adaptation” to aid the reader in qualifying
and envisioning the actual nature of the changes he felt were occurring. Through the
use of cephalometrics, Behrents investigated the growth of individuals primarily
between the ages of 17, 25, 30, 35, and 40 with some individuals extending into their
early eighties. The medical and dental health of his sample population was good. Only
two patients had dentures in one arch. The number of missing teeth was low, and the
incidence of prosthetic replacement of any missing individual dental units was high.
Most of the subjects were receiving regular dental care and the amount of active dental
and gingival disease was negligible. The sample consisted of orthodontically untreated
individuals only.

The results of his study showed that in the 17 year age group (n=113), 64 of
the possible 70 cephalometric distance measures were significantly enlarged when
compared to the standards, and 48 of the possible 69 angular measures were changed
significantly. Both males and females demonstrated significant changes. Before this
study, females were thought to have stopped growing by age 16. The findings that
both distance and angular values changed during the time intervals studied, indicated
that both enlargement and change in shape and position occurred. In other words,
"differential growth" appeared to be happening. In the 25 year age group (n=56), 60 of
the 70 distance measures and 32 of the 69 angular values were significantly changed.
Again, this suggested that adults continued to change beyond age 25. In the 30 year
age group (n=27), 56 of the 70 distance measurements changed while 28 of the 69
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angular measurements changed significantly. The changes seen in the 35 year age
group (n=10) were similar. The changes in these latter age groups however, would not
seem related to late maturation as an extension of adolescent growth, as it might in the
25 year age group. The age group consisting of individuals beyond age 40 (n=4)
showed 22 of the 70 distance measures and 11 of the 69 angular measures to have
changed significantly from initial to final cephalometric recordings.

The main point of the above findings is that everyone is continuing to change,
and maturation of characteristics occurs throughout adult life, perhaps until death.
Further study at very old ages could illustrate a more defined "end" or "plateau effect"
on growth.

Sexual dimorphism was also examined in Behrents study. In general, females
were smaller than males although both groups change with time. Specifically, the
major features differentiating males and females involve size and the shape of the
maxillary facial area around the eyes. Behrents postulated that females "restart” growth
coincident with pregnancy, i.e. a "female post-fertilization growth acceleration”.

Other aspects of the craniofacial complex were also considered by Behrents:
cranial base, midface, mandible, dentition, and others. Overall, the cranial base
appeared to be stable with age except at its extreme extensions. The occipital condyle
area appeared to change slightly with age as the region involving Bolton point moved
downward and foreward (especially in the male). This effect, although small, was
consistent across age and would affect cranial base orientations such as Frankfort
plane. Basion continued to elongate in its original direction, remodeling downward and
backward, without a change in cranial base angle. The anterior cranial base from sella

to the endocranial surface of the frontal bone was stable. The frontal sinus showed
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considerable enlargement over time, and there were some notable changes in the
glabellar region of the frontal bone. (Behrents 1985)

The midface showed a number of subtle changes with age. The posterior
aspect of the palate showed a remodeling both posteriorly and inferiorly. The fronto-
maxillary nasal suture showed a continued foreward movement anteriorly with no
angular change relative to cranial base. In all ages studied, the tip of the nasal bone
moved anteriorly, elevating slightly in the male with age. Orbitale consistently moved
foreward, away from sella throughout age, and was farther foreward in males. The key
ridge was also seen to move foreward at all ages, and A point was continually moving
away from the cranial base. In addition, the maxilla (at A point) was seen to come
foreward, consistent with the anterior movement at nasion. The changes observed in the
midface were felt to be related to an increase in the nasorespiratory area due to increased
physiologic demands of increased age and decreased pulmonary efficiency.

The mandible demonstrated considerable change with age. Menton moved
downward throughout all age spans, in males and females, with males showing larger
values of change. Gnathion and pogonion also moved downward with time. B point
moved away from the cranial base (greater in male) with a clockwise change in
angulation in the female. Clearly, the mandible moved downward in both sexes. It was
additionally stated that in males, the chin landmarks move down and foreward, and in
the female they move more or less straight down with age. The anterior and posterior
border of the ramus moved foreward in the male, but remained stationary in the female.
The coronoid process moved away from the cranial base with time, but maintained its
angular relationship to the mandible proper. The effective length of the mandible, the

body, and the ramus all tended to increase in length throughout all age spans.
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The dentition is not dormant during the aging process, and changes seen here
generally coincide with changes in the corresponding osscous structures. As Behrents
states, it is likely that in his dentally healthy population, the changes observed reflect
more or less healthy dental changes with age.

It is obvious that there are several factors influencing the development,
progression, and character of the adult dentition. The amount of literature concerning
change in parameters of the mature, adult dentition is negligible. This thesis will
attempt to delineate some of the variables of the dentition that change as individuals age,

and will attempt to quantitatively measure visible changes in the dental arches.
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STATEMENT OF THESIS

The purpose of this study was to identify particular changes seen in the
dentition of a longitudinal population of orthodontically untreated individuals between
the ages of 17 and 74. The hypothesis of this study is that there are measurable
changes in the adult dentition. The null hypothesis of this study is that no change
occurs in the permanent dentition after age 18. The aim of this examination of the adult
human dentition is to disprove the null hypothesis and identify particular changes seen
in the dentition of an adult sample. The research hypothesis was performed by means
of evaluating dental casts at ages corresponding to an early adult dentition and a mature
adult dentition. The specific parameters of the dentition that were quantitatively
evaluated include: Decayed, Missing, and Filled Teeth, overbite, overjet, maxillary and
mandibular arch perimeter, maxillary and mandibular intercanine distance, dental
deflection, Angle classification, and molar deflection from Angle classification. Sex,
age, and Angle classification were taken into account in consideration of each of the
variables. Attempts were made to accurately identify specific changes occurring in a
healthy, mature human dentition.

The long term objective of this study is to provide a basis for further
investigation into the changes of the adult dentition. Information accumulated in this
study is important for future research concerning the nutritional habits and

40
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environmental influences governing a modern aging lifestyle. In addition it is hoped
that studies such as this one will initiate further investigation into the factors that lead to

the survivability of the mature human dentition.



METHODS AND MATERIALS

Source: The study models and radiographs utilized in this investigation were obtained
from the Bolton-Brush Growth Study Center at Case Western Reserve University,
School of Dentistry. Specificaily, longitudinal study models of orthodontically
untreated individuals from the original Bolton-Brush population were used. This group
includes subjects studied by Behrents (1980's), as well as subjects seen during the pilot
recall of the Bolton population (Update 2000) in 1992 (Figure 1).

Sample: A longitudinal sample of fifty orthodontically unsreated subjects between the
ages of 17 and 74, were evaluated to determine the amount and severity of tooth loss,
how tooth loss has affected the remaining dentition, and what parameters of the
dentition remain stable over time.

Background of the Sample: Inthe late 192(’s, the Bolton-Brush study set out to
examine normal facial growth in children. The original population consisted of 4,570
healthy children from families with moderate income and good access to health care.
The study was designed to evaluate patients yearly, from babyhood to early adulthood,
or approximately age 18, Examinations consisted of the following:

- physical examination and health inquiry

- mental tests

- nutrition history

- information regarding genetic and environmental factors

- dental examination, deatal casts, and cephalometric radiographs

42
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Some of the patients obtained orthodontic treatment while others did not. The majority
of patients came in once a year until they reached maturity. There were however,
subjects that were difficult to follow into the older adolescent years.

In the 1980's, Rolf Behrents initiated a recall of the original Bolton-Brush
patients. By this time, the subjects were between the ages of 40 and 75 and could
furnish valuable information concerning the aging process. At the recall visit, Dr,
Behrents collected information on the subject’s health, nutritional history, and dental
status; and obtained dental x-rays and casts. This recall located approximately 214
individuals, 113 of which were orthodontically untreated. In that many of the patients
were located via long distance correspondence, attempts were made to obtain as much
information as possible from attending dentists and orthodontists. While x-rays are
fairly easy to obtain and mail, study models are not as easily procured. In other words,
not all the recall patients located had a set of study models available for examination.
This limited the number of 1982 recall patients available for this research study. In
short, of the 113 orthodontically untreated individuals, only 69 patients possessed a set
of study models in the 44 to 74 year age range. All of these patients had a complete
series of x-rays in the older age range.

In 1992, the final recall of the Bolton-Brush Growth population was initiated.
To date, approximately 100 patients have been located. A thorough dental examination
was performed, cephalometric x-rays were taken, and impressions for dental casts were
obtained. In addition, an extensive health and nutrition questionnaire was administered
to each of the patients. Forty-one of the 100 patients (1992 recall) were orthodontically
untreated; and each one had a complete series of x-rays in the older age range and a set

of study models.
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At this point, the orthodontically untreated adult patients ( 69 from 1982 and 41
from 1992) were longitudinally matched with their earlier, young adult dental records
taken during the original Bolton Study. In order to be included in the study, the patient
had to meet the following criteria:

1.] Each subject had complete dental records of the adult dentition: at least
one record between the age range of 17-25 [Time 1: 1934-1952], and a
follow-up record of an "aged" or mature dentition between the age range
of 44-74 [Time 2: 1982-1992].

2.] Each subject had a radiographic history in each age group [Time 1 and
Time 2]; and all casts to be examined were in excellent condition (no air
bubbles, proxirnal fractures, etc.).

3.] Each dentition had natural maxillary and mandibular first molars at the
first examination [Time 1]; and natural maxillary and mandibular first

molars in at least one quadrant of the dentition at the second examination
[Time 2].

The final sample included 50 orthodontically untreated subjects between the ages of 44
to 74, with complete dental records and an early adult dentition time period (see Figure
1).

In regards to this research sample, it is important to remember that the recalls of
1982 and 1992 contained patients that were gvailable for examination. Long term
follow-up in any longitudinal study is difficult and time-consuming. Therefore, it must
be remembered that this research population is a convenience sample, not a truly

random sample of an adult population.

Research Sample:
In that tooth loss can have dramatic effects on many parameters of the dentition (Burt
1992, Behrents 1985), the study sample was divided into a large group and a subset

group. Group One consisted of fifty patients with no limitations on the number and
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kind of teeth missing. Group Two, a subset group, consisted of forty-two patients. It

was divided and ranked according to the amount of tooth loss and gpecific teeth that

were missing (Table 1):

Table 1. --Rank designated to patients according
to the number of teeth missing at

[ Rank # of teeth missing [Time 2]
1 no teeth missing
2 <3 teeth missing-no 1st molars are missing
3 <3 teeth missing-only one is a first molar
4 23 teeth missing, or more than one first molar is missing

This design for "rank” based on tooth loss was modeled after a study of tooth
loss partterns by L. Jackson Brown and Lawrence H. Meskin (1988). All 42 patients in
Group Two were examined for change in parameters of the dentition and exhibited no
teeth missing at [Time 1], and a rank of 1 or 2 at [Time 2]. The elimination of patients
with excessive tooth loss would aid in reducing any possible confounding effects that
might occur in variables subject to drift and rotation. Therefore, Group 1 data only
provides information on decayed, missing, and filled teeth, not specific change in the
parameters of the dentition under scrutiny. Each of the records was evaluated
individually, measured, and compared for changes that occurred during the aging
process.

Figure 2 illustrates the age range of each of the patients in the study. The
endpoint on each of the lines designates age at Time 1, while the arrowhead at the other
end of the line designates the patient's age at Time 2. It is important to point out that
some of the patients could still have a potential for growth at the Time 1 record (age 17-
20), especially the males. It is generally accepted that the adolescent growth spurt



46

occurs bewteen the ages of 10 and 12 years in the female and between 12 and 14 years
in the male. In the female, the termination of active growth generally takes place in a
plateauing of size change at approximately 14 years, with some minimal growth
potential on to 18 years of age. Males, on the other hand, can be observed to continue
actively in growth increments into the eighteenth and nineteenth years (Behrents 1985).
This potential for growth must be considered in the final analysis of the data.

The categorical variables measured in the study (sex, Angle classification, and

third molar presence) were designated in the following manner:

Table 2.--Designation of categorical variables

Sex 1= male
2= female

Angle Class | 1= Class | Molar Relationship
2= Class Il Molar Relationship
3= Class lll Molar Relationship
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1982 Recall 1992 Recall
214 Subjects located 100 Subjects located
__________________ i (to date)
I Select only ORTHODONTICALLY !

--------------------

113 orthodontically 41 orthodontically
untreated untreated

| Select patients with snudy models |
— —
i and x-rays of ADULT DENTITION

- e s A e e e o e wm e em

40 Subjects 41 Subjects

81 untreated patients
with adult study models
and radiographs

50 Subjects
*orthodontically untreated
*adult record: study models

and radiographs
*matching longitudinal record
of young adult dentition
(age 17-25): x-ray + models
*dental casts in excellent
condition
*each dentition possessed
natural upper and lower
first molars

Figure 1. Flow Chart Summarizing Population Selection
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Data Collection:

As mentioned previously, all of the [Time 1] data came from the original Bolton
Study which included a thorough, yearly, oral dental examination to check for decayed,
missing, and filled teeth; dental study models; and cephalometric x-rays (frontal and
lateral). Casts had been made annually, up until approximately the eighteenth or
nincteenth year, on the subjects. The impression technique in the 1930's and 1940's,
was substantially different than it is today, however. At that time, maxillary and
mandibular impressions and bite registrations were made at the same time in dental
compound material. The casts were indexed by means of "dove-tailing" into the plaster
in the posterior, and bite relationships were registered at maximum intercuspation. In
the 1980 and 1992 recall, the method was different. Alginate impressions, which are
generally considered to be very accurate, were taken of each arch, placed in a humidor,
and poured in dental plaster within one hour to minimize shrinkage potential. In order
to achieve accurate bite registrations, a warm wax bite was made with the teeth in
centric occlusion.

Lateral and frontal radiographs, ar all time ranges, (i.e. first examination and all
subsequent recalls) were taken by the Western-Reserve Broadbent-Bolton
Cephalometer using the method described by Dr. Broadbent (1931). As mentioned
carlier, the radiographs, in combination with the dental records of each patient, were
used to verify any and all missing and filled teeth.

All linear measurements of the dental study casts were read to the nearest tenth
of a millimeter using digital read-out calipers (Mitutoyo Digimatic Calipers Series 500,
Mitutoyo Corporation, Tokyo, Japan). Dental deflection was recorded using the digital
calipers according to the method devised by Little (1975) and expanded by Behrents
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(1993), and was accurate to 0.1mm. Overbite and overjet, was measured utilizing a
standard, metal dental ruler in millimeter increments, accurate to the nearest 0.5mm
(Proffit 1986). Arch perimeter, intercanine distance, and angle molar deflection was

measured using the Mitutoyo calipers to a tenth of a millimeter accuracy.

Statistical Method

Observations were statistically analyzed using an SPSS (Statistical Package for
the Social Sciences) program. All data entries were coded into a Macintosh personal
computer (PC) utilizing a commercial spreadsheet program (Microsoft Excel 4.0,
Microsoft Corp., California) and a graphical display program (Cricket Graph 1.3,
Cricket Software Malvern, PA). The sample presented differences in starting ages,
final ages, and Time 1-Time 2 intervals. To preserve the individuality of change,

inferential testing was limited. The following analyses were utilized in this study:

1.] "Descriptive” Analyses: compilation of raw data expressed as a positive (increase at
Time 2) or negative value {decrease at Time 2) of change for each variable measured.
Means and standard deviations were not calculated in this study due to the varying Time

1-to-Time 2 intervals among subjects.

2.] The Wilcoxon Matched-Pairs Signed-Rank Test for Location: is a non-parametric
analysis used 1o test a null hypothesis about a sample mean when the sample is not
normally distributed. It is an analog of the paired-t test. This test is used to determine

the magnitude of the differences between measurements and the direction of the
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differences. It is a more powerful test than the Sign Test which only records the

direction of the differences. The null hypothesis (Ho) of the Wilcoxon Signed Rank

Test is that the median difference among the entire population is zero; or if Ho is true

and there is no difference between groups, the sum of the positive ranks would be

approximately equal to the sum of the negative ranks. To determine whether there is
significance between the groups, the sum of either the positive or negative ranks

(whichever is smallest) is compared to a table of critical values. N is the number of

pairs of parameters being compared. A sum of signed ranks less than or equal to n-2

indicates a statistically significant difference at the ¢=.05 level. In this study, n=10

pairs and a sum of signed ranks <8 would indicate a significant difference at the a=.05
level.

3.] Correlation Coefficient; is a measure of the magnitude or strength of the
relationship between variables. It measures the linear relationship between two
continuous variables (those that are measured). The correlation coefficient r is
an index number whose value ranges from -1 to +1. A correlation of zero
would indicate that no linear relationship between the variables exists. A
correlation of -1 or +1 , on the other hand, indicates either a perfect negative
linear relationship or a perfect positive linear relationship. Correlations lie

within the range of -1 to +1.

4.] t-Test for Paired Samples: was used to estimate the reliability of measures taken on
cach of the variables. In order to assess the level of measurement accuracy, 20
casts from the sample were selected randomly and remeasured. The null
hypothesis is that the population means of the two groups are equal (| 1-p2=0).
When pairs are used, this hypothesis is equivalent to saying that the mean of the
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population of differences is equal to zero, or Ho: D=0, The alternative to be
tested in this case is D=0 (two-tailed). I the values of the test statistic falls in
the rejection region, it may be concluded that there is a statistically significant
difference in the means of the two groups (reject Ho) at the o level of
significance.  If it does not, then it may be concluded that there is not a
statistically significant difference in the means (or measurements) of the two

groups (accept Ho) at the o level of significance.

Parameters

Only one parameter of the dentition was evaluated in Group One patients
(N=50), the Decayed, Missing and Filled teeth index. It was abbreviated DMFT in all
charts, tables and references.

The parameters of the mature dentition that were measured in Group Two

patients (N=42), and their abbreviations include:

1.] Overbite [OB]

2.] Overjet [OJ]

3.] Arch Perimeter: Maxillary and Mandibular [PU and PL]

4.] Intercanine Distance: Maxillary and Mandibular [313 U and 3i3 L]

5.] Dental Deflection [DD]

6.] Angle Classification [Angle]

7.] Angle Deflection of Molars: Right and Left [ADefIMR and ADefIML)]
8.] Third molars [3M] [Data and results in Appendix 1]
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Parameters defined:

Decayed, Missing, and Filled Teeth [DMFT]: This parameter was defined as
the number of teeth that were missing and/or filled, where "filled" was taken to mean
any tooth that contained radiopaque restorative material. Traditionally, caries or tooth
decay is measured by the DMF index, i.e. the number of teeth per person that are
Decayed, Missing because of caries, or have been Filled. The index is simple to use
and can be assessed quickly by clinical examination (Burt 1992). The simplicity of the
this index has led to its wide utilization. However, there are some disadvantages to the
DMFT index. For example, it is not known with certainty that all filled teeth were in
fact carious, and subjective judgements are often required to determine why tecth were
extracted or lost. The dental study casts were the primary means by which the DMFT
score was derived. Generally, impressions of tooth and supporting structures are
accurate enough to determine the number and type of restorations present in an arch.
Full mouth dental radiographs were not included as part of the original Bolton-Brush
examinations. In addition, they were not available for patients in the 1982 Recall by
Behrents, or the Update 2000 project (summer 1992). Therefore, the combination of
the accurate charts, records, and study casts colliected by the Bolton Study and
subsequent recalls; and the lateral and frontal cephalometric x-rays provided the enough
information to verify the total number of teeth missing and filled. Dental decay was
more difficult to estimate. However, the population under study was in relatively good
dental health, was known to have had regular dental check-ups, and had reasonably
good access to dental care. The presence of obvious carious lesions (i.e. holes in teeth)
could be seen on the dental casts. None of the subjects in the study presented with

frank decay on the study models. Missing teeth were defined as any tooth missing
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from the arch (included those teeth replaced with a bridge etc.) with the exception of
third molars. Filled teeth were defined as any tooth having a restoration whether it be
an amalgam, composite, or casting. The table abbreviation for this parameter is
DMFT1 and DMFT2, with 1 and 2 relating to the time the record was taken. Time 1
was the time of the first examination (1934-1952) and Time 2 was the time of the
second examination (1982-1992). Data in Appendix 2 shows the specific teeth missing
and filled for each time period by using the universal tooth number system from 1 to 32
(with third molars 1, 16, 17, 32 excluded). The index results in a single score from the

above "raw" data. The single score for all data is found in Appendix 2.

Overbite (OB): This parameter is defined as the distance, in millimeters, between
the incisal edge of the mandibular central incisor and the incisal edge of the maxillary
central incisor measured perpendicular to the functional occlusal plane (Carmen 1978,
Proffit 1986). This measurement records the vertical overlap or open bite of the
anterior teeth. Overbite is recorded relative to the coverage of the mandibular incisors
or the degree of open bite. The recording zone will include those incisors most labial in
position. The tooth with the greatest overlap is recorded. Measurement was made to
the nearest tenth of a millimeter. Table abbreviations are OB1 and OB2, with 1 and 2

relating to the age range of the patient, or time the record was taken.

Overjet (OJ): This parameter is defined as the distance, in millimeters, between the
labial surface of the mandibular, most anterior central incisor to the labial surface of the
incisal edge of the maxillary, most anterior central incisor (Proffit 1986). Positive
overjet as well as tecth that were in crossbite were recorded. The recording zone

included left to right lateral incisors. The most prominent aspect of any one incisor was



55

the one measured. When recording the overjet, the ruler must be held paralle! to the
occlusal plane and radial to the line of the arch (i.e. in line with the long axis
occlusally). Table abbreviations were OJ1 and 0J2, again with 1 and 2 relating to the

age range of the patient.

Arch Perimeter (PU and PL): This is the distance measured in tenths of a
millimeter from the mesial contact point of the first permanent molar to the mesial
contact point on the contralateral side in both maxillary and mandibular arches (Vego
1962, Proffit 1986). The distances were taken as four linear segments of the arch, and
were added together to find the total perimeter. A measure from mesial of the first
molar to the distal contact of the cuspid, from the distal contact of the cuspid to the
midline contact point, from the midline contact to the distal contact of the other cuspid,
and from the distal contact point of the cuspid to the mesial contact point of the other
first molar. Diastemas were included in the measurement. Measurement was
performed to the nearest tenth of a millimeter using Mituoyo digital calipers. The table
abbreviations are PU1 or 2 and PL1 or 2, with U and L relating to either maxillary or

mandibular arch, and 1 or 2 relating to the age range of the patient.

Intercanine Distance (3]3 Dist): This distance is defined as the measure, in
millimeters, between the cusp tips of the maxillary and mandibular cuspids left to right
(Carmen 1978, Proffit 1986). The "cusp tip" was taken to be the point through which
the center axis (or axis of rotation) of the tooth was found. This aided in the
measurement of cuspids that exhibited a flat wear facet. Measurement was made to the
nearest tenth of a millimeter using digital readout calipers. The table abbreviation is 33

UorL, time 1 or 2.
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Dental Deflection (DD): This parameter is defined as the sum total of the
distances, in millimeters, between individual anatomical contact points of the
mandibular incisors, and one posterior adjacent tooth (premolar). There are 7
distances involved: left premolar to left cuspid, left cuspid to left lateral, left lateral to
left central, left central to right central, right central to right lateral, right lateral to right
cufpid, and right cuspid to right premolar. This measure is defined by Little (1675) to
include only the mandibular incisors. It was suggested by Behrents (personal
communication, March 1992) to add the additional tooth as an indication of irregularity
around the curve of the arch as the anterior segment blends into the posterior segment.
The total distances between the individual contact points of the teeth were performed
using a digital readout caliper calibrated to the nearest 0.1 mm. Each of the seven
measurements was obtained directly from the mandibular cast. Proper positioning of
the caliper was essential for consistent accuracy. The mandibular cast was viewed from
above, sighting down onto the incisal edges of the anterior teeth. The caliper must be
held parallel to the occlusal plane while the beaks are lined up with the contact points to
be measured. Each of the seven measurements represents a horizontal linear distance
between the vertical projection of the anatomic contact points of adjacent teeth.
Although contact points of anterior tecth can vary in the vertical plane, correction of
vertical displacement will not appreciably affect anterior arch length; therefore all
vertical discrepancies of contact points were disregarded (Little 1975). Properly placed
and consistently parallel calipers will ensure the recording of only horizontal
displacement and lead to an accuracy of 0.lmm. The table abbreviation is DD1 or 2

depending on the date of examination.
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Angle Classification (Angle): This parameter recorded any changes seen in the
cuspid and molar relationship over time. The cuspid and molar was classified
according to the Angle description of Class I, II, or III, over both time periods. The

table abbreviation is Angle, time 1 or 2.

Angle Molar Deflection (ADeflM): In order to further define any changes seen
in the molar relationship over time, a measure of the deviation from the ideal Class I
molar relationship was taken. Ideal Class I molar relation is defined as the mesiobuccal
cusp tip of the maxillary permanent first molar interdigitating with the mesiobuccal
groove of the opposing mandibular permanent first molar. The method used to record
the distance from the apex of the mesiobuccal cusp of the maxillary molar to the buccal
groove of the mandibular molar, was to place the casts in occlusion and record the
measurement parasagitally and parallel with the occlusal plane. Digital readout calipers
were used and were calibrated to an accuracy of 0.1 mm. Both right and left sides were
recorded. Any deviation in an anterior-posterior direction from the ideal Class I
relationship (i.e. Class II or Class III tendency) was recorded. When a case
demonstrated a mandibular molar distal to the maxillary molar (i.e. Class II) a negative
value was assigned. Cases that demonstrated a mandibular molar mesial to the
maxillary molar (Class III) received a positive value (Harris and Behrents 1988). The
table abbreviation for this parameter is ADeflM, either R (right) or L(left), and time 1
or 2. For example, if ADefIMR-1 is 0, the angle deflection of the molar relationship on
the right side at time one is zero, or ideal Class I. If the value is +3, the molar
relationship deviates in a Class III direction by 3 millimeters. If the value is -2, the
molar relationship deviates in a Class II direction by 2 millimeters.
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Third Molars (3M): This parameter indicates the presence or absence of third
molars. The data in Appendix 1 shows M=missing third molars, I=impacted third
molars, and O=third molars in occlusion. In that there is no clear cut answer as 1o the
influence of third molars on arch perimeter and mandibular incisor crowding, the data
obtained on third molar presence will be noted in the appendix only. The sample size
of this research project is too small and contains too much individual variation in patient
care to gain meaningful trends or relationships between third molar location and

changes in the dentition.
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Figure 5. Diagram of Arch Perimeter Measurement
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Figure 6. Diagram of Intercanine Distance Measurement
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Figure 7. Diagram of Dental Deflection Measurement



RESULTS

The total change that occurred in each of the variables measured was tabulated
and assigned a positive or negative value according to the direction of the change
observed. Population distributions of the categorical variables were recorded for each
age group, as were population distributions for DMFT. The maximum and minimum
values for each variable at Time 1, 2, and T2-T1 (A) is presented. Scatter plots
depicting the magnitude and direction of change for each of the parameters are shown
in Figures 8 through 17. Each plot delineates male and female differences and the
overall time interval between the visits (T1 and T2). The positive, negative, and tied
ranks for males and females are presented utilizing the Wilcoxon Matched-Pairs Signed
Ranks Test (Table 8). The categorical variables (sex, and Angle Classification) for
Group 1 are presented in Table 3. Note that the population is split approximately
60:40, males to females. There are more Class I type occlusions (54%) than Class 11
occlusions (44%); and the Class III type of occlusion is represented by one individual,
or 2% of the population.
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Table 3. Population Distribution of Categorical Variables Group 1 ¢ Group N=50)

Frequency| % of Populatio

Sex
Male 31 62
Female 19 38

Angle CIassT

Class | 27 54
Class Il 22 44
Class Il 1 2

The population distribution of missing teeth for the fifty patients of Group 1 is listed in
Table 4. The majority of subjects had little to no tooth loss at Time 1. At Time 2, the
majority of tooth loss ranged between 1 and 3 teeth for both males and females. Table
5 depicts the distribution of filled teeth for Group 1. The majority of patients, both
males and females, had between 0 and 10 teeth filled at the Time 1 record. At Time 2,
the number of tecth having restorations increased into the 11-20 range. Table 6 depicts
the distribution of change in DMFT for Group 1. Figures 8-10 are a graphic
representation of Tables 4-6. Male and female contribution to the number of missing
and/or filled teeth is indicated at the top of each column. The majority of tooth loss
and/or restoration seemed to fall within the range of 6 to 15 teeth for this particular
sample. Figure 7 illustrates the overall change seen in DMFT for Group 1.
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Table 4. Populiation Distribution of

Missing Teeth for Group 1 (N=50

"# of Teeth Missing | # of Males

# of Females

Time 1 Time2| Time 1 Time 2
0 29 22 16 9
1-3. 2 8 3 8
4-6, 0 0 0 2
* 0 1 0 0

Table 5. Population Distribution of

Filled Teeth for Group 1 (N=50)
|| # of Testh Filled # of Males | # of Females ||

1-5,
6-10.

Tmai1 Tima2 ] Tima1 Time 2
7 0 4 1]
13 2 6 0
8 7 7
2 10 1
1 12 1

Table 6. Distribution of change in DMFT for
Group 1 (N=50)

CHANGE in number

of teeth missing # of Males | # of Females
or filled
v} 1 0
1-5. 6 2
6-10. 12 6
11-15. 8 8
16-20 4 3
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The categorical variables for Group 2 is presented in Table 7. In this
population, the split between males and females is 2:1. There are more Class I type
occlusions (57.1%) than Class II (40.5%); and the Class III type occlusion is
represented by one individual, or 2.4% of the population.

Table 7. Population Distribution of Categorical
Variables Group 2 (N=42

Frequency| % of Populatio

Sex
Male 28 66.7
Female 14 33.3
Angle Class
Class | 24 57.1
Class Il 17 40.5
Class Il 1 2.4

Figures 11 through 17 illustrate each of the measured parameters of the mature
human dentition. The changes in overbite seen in Figure 9 point to an overall decrease
in overbite in most patients. The sex of the subject doesn't seem to influence this
phenomenon in any way.

Overjet is illustrated in Figure 10 and shows fairly even distribution of change
over time. It appears that the same number of individuals increase as decrease and a
fair number of individuals maintain the same overjet over time.

Maxillary arch perimeter is depicted in Figure 11. This graph shows a
significant number of individuals with a decreased arch perimeter over time. Sex
distribution is relatively even. Mandibular arch perimeter, shown in Figure 12,
illustrates much the same effect over time. Arch perimeter decreased over time and sex

distribution remained relatively even.
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Intercanine distances are shown in figures 13 and 14. The maxillary intercanine
distances seemed to remain evenly distributed over time, while the mandibular
intercanine distance decreased. Males and females were maintained an even
distribution.

The change in dental deflection over time was significant (Figure 15). Almost
all of the subjects experienced some increase in the degree of mandibular arch
crowding. Males and females were evenly distributed. Only one individual showed no
appreciable change in mandibular arch crowding.

The Angle Classification of molar deflection seems to remain a fairly constant
variable. Figures 16 and 17 depict a large concentration of individuals along the zero
line. This indicates no change in the deflection of the molar relationship. It is
interesting however, that some individuals exhibit change in the molar relationship.
Again, sex distribution was uniform.,

In summary, the majority of tooth loss seems to fall within a range of 6 to 15
teeth for this particular population, and the parameters of the dentition that change
significantly over time include: overbite, maxillary and mandibular arch perimeter,
mandibular intercanine distance, and dental deflection. The parameters of overjet,
maxillary intercanine distance, and molar deflection from Angle classification show
change over time, but this change was not statistically significant.

The maximum and minimum values for each of the measured variables,
according to time period and the change over the time period (T2-T1}), is given in Table
8. Original measurements for cach patient are presented in Appendix 2. The number of
positive, negative, and tied ranks for each variable, is separated according to sex and is
given in Table 9 under the Wilcoxon Matched-Pairs Signed Ranks Test. Table 10

depicts the correlation coefficients for each of the measured variables.



72

(siealk u|)
S}{S|A UuUSomMleq |eAJRlU| @w|]

{somw) spaiqns 2 —amnbs pamd x
41 "Wi) s1algns g =asenbs parjur]

4-sbueydogo o
w-ebueysgo x

09 oS o¥ oe oc
PR S EE E S A U AT S N B U U A S U B I A A A S SN S S N A S A A O.V..
x o - 0°E-

o] [+] lO.N- sPead) PESTINe(
o
x M xoxxo x -
]

X X X X -0}~

xXo X0 X b x -

MO 0 X

(ww up)

eBueysy sjjqion

-

- 071l

= (' eUgeAQ peseEenu|

-

ot

Zv=N
L1-g21 =abueysn anQqIdAQ LI embiy

Figure 11.



73

{sieah up)
SIIS|A U@PM)aq [BAJRU| BwWl)

(N 2) sioelgns 2z corenbg pamdy X
(41 ‘W1) spelgns g =amnbg pemun

s-efueyorg o
w-afueydoro x

09 0s ov (¢} oc
NI I A AT A AT VAT AP AT AT UV S S S T M A A S i i 0t
x - 0°E-
x i
x x - 0°¢-  wlaap poswameq
X x :
x xo 4] -0l
00 d x no x o : (w u)
2> ®o — * abueyn elieAQ
xoe X Xk x o :
0 00 X o - 0"
x -
x x - 0¢  lsbeAg peswanu|
o i
0e
Zt=N

L1-z1 =abueyp 18l19AQ ‘g1 einbiy

Figure 12.



74

(sse20h uj)

(N &) sweiqne 2 —enbg pepy X
(41 'WL) soeins z cemnbg pepun

4-eBueya nd o
w-ebueya nd x

SlISIA UueMmleq |eAJIU| ewif]
09 0s ov 0ge 02
2 PEEE T S WA SE W N S S WA N S T S BT A R ST R B ST A S R S S Y Om-
o X
x
L 0't- msunieg pesmesoeq
o] X x x 5
x X x
xx [+ - 02
[+ ]
xx “ o o |
x x X <0 J¥x x {ww uy)
o % - 0 0" eBueysn ioyowyieg
o
o x o -
x x
-0°2
" L
Lo v ispuieg peswesou]
o
0°9
¢t=N

11-z] =obueyn solpwisag Alte)xepn

‘€1 8By

o
ﬁ



75

4-8BuByd 1d o
W-eBueys 1d x

08

SHESIA UM

0s

Loa g s a3

(sieah uy)

or

[eAsauy

w1

o¢

st 2.0 ool

PRI B S N A1

02

0'ct-

0701
Lo-s-
[ o-s-
[ o°s-
o2

0°0

L 02
b
L0t
5
L 09
- 0°8

o0l

Zh=N
11-z1 =ebBueys Iawwiiad Jeinqgjpuepy

‘¥i @nbB)4

Msunied PesPeiDe(]

(ww uy)
ebuey)y i19lawiad

ousy peseeIoU]

Figure 14.



4-abueyd ngle o
w-sbueyd nele  x

76

(sJeeh up)

SHSIA U2OMISQ [BAJRIU| o]

09 0§ or 0gE 02
PR S S S T SRR S A S S A S I N ST B I S T SN R N N DQ-
- 0°4L-
x - 0'9-
- 0°G-

X A
-0'¥-
° L 0g-
- 0'¢-

X O oX x X

% X

x x © » - 0" L-

x Q x L
o » o 00

o, x
x x
XoX 8

X X X L0 L

x i

x

X o * x -0°2

x X o I
-0'¢
(118 J

Zv=N L1-z1 =abueyd

oJuelsIqQg oaujuediaju|

Aiejjixepn

‘G1 aunbly

JUNISI] POWEInN(]

(ww up) ebuey)
JJuUelSId QUUEdIIIU|

WU PesERIoU|

Figure 15.



(sieeh w)

(w2} wweigns 2 =srnbg pey X
(41 "Wil) swelqns z —emnbg penyun

d-eBueyo gle o
w-ebueyd Jele  x

77

SUS|IA USaMm}aq [EAIRlU| ow)]
09 0S ot oe og
P S S T T T S N T T N S SN S T U N W U SN T T VS ST TN i N Y N T T T U Om|
x °© 0 2-  osuwmimg peswsiong
x
x X
X
%X X
x [ =0 |-
x E ¥ X X
x
x x i
a x {ww uwy) abueysn
x o % 0 edueis|g  euUERIIAIU| G
p—
x x X 8 .
: o o A
-y
o L0t .
[+] 5
-0 2 wUTIN) peTERIOY|
° -
0E
Zr=N 11-21 =2bueyn
aouels|g au|uelIAIu|l Jenqpuep gl aunBi4



78

Jebueys g o
W-ebueyoaa x

SIS|A Ueeamleq

{sseaf uf)
leadaju] ew|)

09 0S ot (0] o¢
PP I B I I Y I ST AT AT I U S T SN S S S DU S I S ' O.O—.-
- 0'8-
: Bupmar?) peceaneq
~ 0'9-
x =
x
- 0’
X L. 0'¢-
°° - [ (ww uj} eBueysn
x x 00  yopoeygeg |BIUeQ
] x o !
X »® x X m X
x Oy x x =072
o -
x x o X0 x L Ot
x ¥ 3 o L
o x
x - 09
° s Bupmar?) peswera|
° x -0’8
00l
Zr=N .
11-2) =uondajjeq [ewaq u] abueyd -zienbiy

Figure 17.



79

Table 8. Maximum and Minimum Values for each Variable

Varlable Maximum Minimum

Overbite 1 8.5 0

(in mm) 2 10 0

*A 2 -3

Overjet 1 8 0

(in mm} 2 6 0

A 2.5 -3

Max Perimeter 1 80 65.1
(in mm) 2 79.2 63

A 4.5 -5.1
Mand Perimeter 1 68.4 56.5
{in mm) 2 68.3 50.7
A 2.6 -10.1
intercanine Disiance 1 39.9 27.7
Max (in mm) 2 24.5 39.4

A 2.6 -6

Intercanine Distance 1 28.5 21
Mand (in mmj) 2 28.1 21.1

A 2.4 -2.1

Dental Deflection 1 12.4 0
(in mm) 2 17 1.6
A 7.7 -5.6

Angle Deflection 1 5.5 -2
Right Molar (mm) 2 5.5 -2

A 3 0

Angle Deflection 1 6 -3
Left Molar {in mm) 3

* where 'A' denotes "change from T1 to T2"
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Table 9. Wilcoxon Matched-Pairs Signed Ranks Test
Values for Group 2 (N=42)

Variable # (+) # () # of Tles 2-Talled P
Ranks Ranks Value
{no
change)
Qverbite 9 28 5 .0007"
(7M, 3F) {18M, 9F) (3M, 2F)
Overjet 17 19 6 0.6887
(10M, 7F) (13M, 6F) (5M, 1F)
Max. Perimeter 9 30 3 .00981"
(5M, 4F) (21M, 9F) {(2M, 1F)
Mand. Perimeter 13 28 1 .0165"
(8M, 5F) {(19M, 9F) {1 M)
Intercanine 21 19 2 0.9678
Distance
Maxiliary (14M, 7F) | (13M, 6F) (1M, 1F)

Intercanine
Distance
Mandibular

t2
(4M, 8F)

27
(22M, 5F)

3
(2M, 1F)

Dental Deflection

(23M,

35

12F)

6
(4M, 2F)

1
(1M)

Angle Deflection
Right Molar

13
(9M, 4F)

10
(6M, 4F)

19
(13M, 6F)

0.5841

Angle Deflection
Left Molar

13
(8M, 5F)

14
(11M, 3F)

15
(SM, 6F)

0.8759

*Denotes significance at a=.05
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Table 10. Correlation Coefficient for Group 2 (20 pairs) at a=.05

Variable Maan SD 95% C.l. | 2-Tall Signit] Corr{r}
Overblte (T1) 0.03 0.103 -.018,.078 0.209 0.994
Overbite (T2) 0.045 0.128 -.015,.105 0.131 0.898
Ovearjet (T1) -0.,025 0.112 -.077,.027 0.33 0.8982
Overjat (T2) 0 0.162 -076,.078 1 0.98

Max. Perim (?1) 0.045 0.128 -.015,.105 0.131 0.998
Max. Perim (T2) 0 0.182 -.077,.027 0.33 0.996
Mand, Perim (T1) 0.02 0.07 -013,.053 0.214 1
Mand. Perim (T2) -0.01 0.102 -.058,.038 0.668 0.908
3i3 Max, (T1) -0.025 0.085 -.065,.016 0.204 0.098
3J3 Max. (T2) 0.032 0.007 -015,.016 1 1
33 Mand. (T1) 0.01 0.031 -.044,.024 0.163 1
3|3 Mand. (T2) 0.01 0.031 -.004,.024 0.163 1
Dental Deflaction{T1) 0 0.032 -.015,.016 1 1
Dental Deflaction{T2) 0 0.032 -016,.016 1 1
ADaﬂM-ﬁlght ('71) Standard  error of  dilterance 1
the was O
ADefIM-Right (T2) | | | 1
ADaflM-Left (T1) Standard  error of ditference 1
the was O
ADefiM-Left (T2) | | | 1

The values obtained in this test allows one to conclude that there was no
statistically significant difference in the measurements of the groups.



DISCUSSION

Thorndike and Barnhardt (1972) describe aging as "a becoming old or
older...the process of maturing. Stedman's Medical Dictionary (1982) states that the
aging process is marked by a "failure of cells to replace themselves in sufficient number
to maintain function; and a gradual deterioration of the mature organism due to time-
dependent, irreversible changes in structure.” Age has many meanings. For example,
age is measured chronologically. Year after year we use the calendar as an index of
time marking the days since our birth. Biological age represents where a person is
relative to his or her maximum potential life span, and has many implications in the
health-related aspects of function. Age has a social connotation. There are unwritten
expectations of how individuals of a certain chronologic age should act. Age also has a
psychological aspect. This refers to the ability a person has to adapt to the ever-
changing environmental demands placed upon him. These abilities include memory,
intelligence, motivation, feelings, and maintenance of self-esteem (Niessen 1991).
Often, how an individual views this last aspect of age, is important to the long term
health and happiness of that individual. As Rodin and Langer state (1980), "being
considered 'old’ by others can affect personal self-esteem and self image, as well as
how that person is perceived by others." One general feature that seems to characterize
all individuals is a progressive modified ability to adapt to changes in the surrounding
environment (Adelman 1989). Through the years, science, medicine, and technology
have made it possible for man to adapt to his surroundings in better ways. Today,

82
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psychological aging is not necessarily an inevitable outcome of the aging process.
Gilbert (1989) states that aging is no longer seen as a progressive deterioration until
death. Rowe and Kahn (1987), in a study of the normal aging process, divided aging
into two categories: the successful and the usual. Those persons aging in the usual
manner exhibited normal declines in various physiologic parameters as they aged, and
successful elders had no or minimal physiologic loss when compared with the average
of their younger counterparts. Media and the health care profession have
communicated to the world, that it is possible to live a long healthy life if the proper
steps are followed. To be a part of today's society, one has to take care of himself and
those around him. Exercise and healthy eating habits know no age limits. Whether
you're nine or ninety-nine, it is important to stay fit and active. It was not too many
years ago that it was considered "normal” for elderly people to lose all their natural teeth
at an early age. It seemed that the aging process commenced as the dentition began its
degeneration. The teeth are more than just part of the "chewing apparatus”. As Melsen
(1989) states, "psychologically, teeth have a much deeper meaning...preserving the
natural dentition can greatly influence the quality of life and a person's self perception.”
Seide (1976) states, "certainly nothing will make a person feel older than losing some
or all of their teeth.” This is an important concept when one considers how quickly the
aging population is growing.

In 1900, the number of individuals over age 65 was approximately 3.1 million,
or 4.1% of the population. In 1978, the number jumped to 24.1 million, or 11 % (an
eight-fold increase!). Since it is expected that the population of aging individuals in the
United States will continue its growth as it has in the past; experts state that persons
over the age of 65 will soon constitute over 20% of the population. A considerably
larger percentage of the population will be in this age range by the year 2010 (U.S.
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Bureau of the Census 1979, Burt 1989 and 1992). This has enormous implications for
the practice of dentistry as a whole. With an increase in the population of aging adults,
comes an increase in the number of people who want to maintain their teeth. Therefore
there is an increased need for more information and more specialized knowlegde on
how to best treat these aging adults. As Dr. Achenbaum (1989) states, "the inexorable
aging of America's population will affect every institution in our society and the ways
people live in the twenty-first century." The field of orthodontics has not been
"skipped” in the treatment of the aging adult. Our knowledge of the modem day,
aging dentition and its relationship to orthodontics is limited. Birte Melsen (1989) and
Seide (1976) describe a few of the important considerations one has in the treatment of
the degenerated dentition. It is important to expand the research into the adult
population of today. At present, it is uncertain which parameters of the
dentition/malocclusion remain stable over time. This research project was an initial
attempt to examine some of the changes seen the aging dentition.

The first parameter examined in the study was the DMFT index and tooth loss.
According to Burt (1992), 41.1% of the 65-and-over group in the United States were
edentulous in 1985 to 1986. Of the dentate subjects remaining, he showed an average
of 17.2 tecth remaining (or 10.8 teeth missing, exclusive of third molars). Of this
group, 9.6 tecth remained sound (i.e. no history of decay or filling), 0.7 were
diagnosed as actively carious, and 6.9 had previously been filled. Within this
overview, there was considerable variation by age, gender, race, and socioeconomic
status.

Although the present study did not take into account factors such as
socioeconomic status, education, and household income, it would be fair to state that

the research sample, on the average, exhibited a relatively low rate of tooth loss.
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Tables 4 and 5 illustrate that despite the unequal distribution of males to females, the
amount of missing and filled teeth was fairly similar. It is important to remember that
the sample in this study is very small and any broad sweeping generalizations would be
inappropriate. The amount of filled surfaces seen in each of the casts was moderately
high as would be evidenced in Figure 9 and the DMFT score. One must remember that
the "growing years” for these adults, did not include the early benefits of flouride,
therefore one would expect to see a higher rate of filled surfaces. Future studies in this
area might expect to see a greatly reduced DMFT score (Appendix 2). One of the
greatest difficuities encountered in this study was locating patients that did not exhibit a
tremendous amount of posterior restoration and/or tooth loss. In that the caries rate has
so dramatically decreased over the years (Brunelle 1989, Graves et al., 1986.), it will
be far easier 1o examine and quantify the various changes seen in the maturing dentition
in the future. No relationships between DMFT and the other variables were found.
The next parameter of the maturing dentition examined was that of overbite
change (Figure 11). Overbite decreased in most of the subjects over time. This
decrease was statistically significant (refer to Table 9). The range for overbite change
was approximately -2 to +2 mm. In only two instances a decrease in overbite exceeded
-2mm. Patient number B3397 (male) presented at Time 1 with 3 mm of overbite, a
Class I malocclusion, and some evidence of wear on the anterior teeth. At Time 2 the
anterior relatonship was edge-to-edge with 0 mm of overbite. Over the time interval
between visits, the number of filled teeth increased from 7 at Time one to 18 at Time 2.
He was missing no teeth at either visit. A similar finding occurred in patient
B2537(female) whereby the malocclusion at Time 1 was Class I with 7.5 mm of
overbite and a slight degree of incisal wear. At Time 2, the patient presented with 4.5

mm of overbite and more evidence of wear. As many previous authors have sited,



86

excessive wear reduces crown height and this in turn can influence the depth of overbite
(Begg 1954, Beyron 1954). There was a moderately strong relationship between
overbite measurements taken at Time 1 and Time 2. This would tend to indicate that
decreases in overbite are related to the amount of incisal and posterior wear occurring
over time. As a patient continues in their chewing or bruxing pattern, tooth material is
lost and degree overbite decreases.

The Wilcoxon Matched-Pairs Signed Ranks Test value for change in overjet
was not statistically significant (p value=.6887, refer to Table 9). Here approximately
the same number of individuals increased or decreased overjet. The range was plus or
minus 2.5 mm. The important result to note here is that a change occurred. Two
individuals were slightly outside the cluster of points in Figure 12. Patient number
B3132 presented with a Class I deep bite and 8 mm of overjet at Time 1. At Time 2,
the overjet had reduced to 5 mm and there was significant evidence of occlusal wear in
the canine and bicuspid region in all four quadrants. One could postulate that as the
occlusal table and guiding inclines of the teeth were diminished, the arches were free to
articulate a little further foreward. The patient may also have a history of posturing
foreward to continue a possible bruxing habit. Patient Number B3397, who was
mentioned earlier also showed a significant decrease in overjet. There was a
moderately strong relationship between overjet measurements taken at Time 1 and 2.

Maxillary and mandibular arch perimeter changes were significant. For both
parameters, almost all subjects changed. The majority of change occurred in the
negative direction indicating a decrease in arch perimeter with increasing age. The
range for this change was approximately plus or minus 3 mm for both arches. There
were two outlying points in the maxillary perimeter scatter plot (Figure 13) and these
were patients B3397 (again) and B2517. Recall that patient B3397 had some extensive
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dental work in the posterior region between Time 1 and 2, this could have influenced
the degree to which arch perimeter was lost. The pattern of his restorative work was
not unique to the sample however. Many of the subjects underwent substantial dental
work within the time interval studied. The fact that the patient had obvious signs of
wear, one might assume that attrition was occurring interproximally as well.
Interproximal wear is a difficult parameter to measure because the individual "losses” in
each tooth are minute, yet when added together as a whole, can amount to a significant
amount of tooth loss over time. There was also one outlying point in the figure of
mandibular perimeter change (Figure 14). Patient B3159 at Time 1 presented with no
teeth missing and a mandibular arch perimeter of 60.8 mm. At Time 2 however, a
mandibular left bicuspid was missing. This loss of a dental unit would account for the
-10mm value for change in mandibular arch perimeter. The measurements of perimeter
at Time 1 and 2 had a strong relationship. A moderately strong relationship between
maxillary and mandibular perimeter was found; and moderately strong relationships
between perimeter and intercanine distance were found (refer to Table 9 and 10). These
findings indicate that over time there is a trend for decrease in arch length on both
maxillary and mandibular arches. The changes that are observed in the maxillary arch
tend to correlate with the changes seen in the mandibular arch, and one area that the
change is readily observed is in the intercanine area.

Intercanine distance was also evaluated in the mature dentition (Figure 15 and
16). Measurement of maxillary intercanine distance, although demonstrating change
(+/- 3 mm), was not found to be significant. Of note are the two outlying points in the
maxillary intercanine distance diagram (Figure 15). Patient B2581 showed a 4.6 mm
loss in intercanine distance between Time 1 and 2. After examining her dental history it

was found that she had a rather large composite restoration on her maxillary left lateral
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incisor. The loss in perimeter was probably not completely due to the restoration,
because she exhibited a mild amount of anterior crowding as well. The correlation of
intercanine distances to the other variables in the study was mentioned above.

Another significant finding was the change observed in the amount of dental
deflection (Figure 17). Nearly all patients examined showed an increase in deflection
or crowding of the mandibular anterior segment. One could speculate that change was
due in part, to late mandibular growth effects, periodontal attachment loss, or
deepening of the bite due to attrition or occlusal wear. Dental deflection showed a
moderately strong relationship between Time 1 and 2 measurements. This is one of the
findings expected in the project. As mentioned earlier, late mandibular growth effects,
especially in the male, was expected to influence the change in dentition. Periodontal
attachment loss, especially in the older adults could also have a dramatic affect on the
position and status of the mandibular anterior segment. One must remember that all of
the patients involved in the study had relatively good dental health at the time the
records were obtained. The changes observed in the periodontal tissues and the effects
on the dentition were most likely the effects of age and not periodontal disease.
Attrition and occlusal wear also contribute to the changes seen in dental deflection. As
the surfaces wear over time, the subject may progressively be posturing foreward to
continue function. This may lead to a greater tendency for anterior crowding.

The other parameters that were examined included Angle classification,
deflection of the right and left molar from the Angle Classification, and shape. Of
these, Angle classification and third molars showed no strong relationships to any of
the other variables, according to the correlation coefficient test. The deflection of the

molar from the Angle classification on both right and left sides exhibited a strong
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relationship between the Time 1 and Time 2 measurements, but showed no other
associations with the other variables.

There were no significant differences between males and females in any of the
parameters examined. No specific conclusions were drawn as to the status and
relationship that third molars have on the changing dentition. Reasons for this include
very small sample size, and lack of information as to when third molars were removed

(See Appendix 1 for data).

Limitati f the Stud

As mentioned earlier, some of the problems that occurred in this study included
lack of patients with little to no restoration. In that the study sample was small, any
implications cannot be applied clinically without full realization of the limitations and
scope of the study. Past studies indicate that there is an uneven distribution among
socioeconomic strata, gender, race, education, and income in the area of tooth loss and
decay. It was impossible to control for this fact given the unique character of the study
population. The amount of longitudinal data available for the aging dentition is
negligible. The Bolton Brush study was one of the first long-term, comprehensive
growth studies in the world, therefore it is practically the only with any record of a
mature dentition. Another factor concerning the Bolton records is the fact that at the
time, compound impressions were taken of the teeth. While fairly accurate registrations
can be achieved with compound, often the posterior region of the dentition was
distorted, or the clinical margin of the gingiva was obliterated. It is because of these

factors, that attrition could not be studied on the maturing dentition. Many of the
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currently accepted indices for tooth wear and attrition utilize some type of landmark for
where the clinical crown terminates. Some of the models in the original Bolton Study
did not have an accurate registration of gingival level to gain any long term data.

In addition to the above limitations, it was difficult to describe the population
statistically. In that the patients were not the same age at the starting point, descriptive
statistics, in the way of means and standard deviations, would be misleading.

Other potential confounding factors that were not considered in this study
include: specific health problems experienced by the patient (i.c. diabetes, arthritis,
cardiovascular disease, and respiratory problems), xerostomia, and medications taken
by the patient.

How the mature, aging dentition changes it experiences over time has not been
studied extensively. National statistics are limited to reports of for tooth loss, decay,
and periodontitis. This study was an initial attempt to examine some of the changes
seen in the dentition. The possibility for future study is infinite. For example, as time
goes on and more adults undergo orthodontic treatment for specific dental concerns
including degenerating dentitions, the information gained will aid in developing better
treatment plans and diagnoses. Additionally, as the number of aged individuals

increases, there will be a greater source of information on changes in the adult.



SUMMARY AND CONCLUSION

The findings of this investigation would suggest that: 1.) the majority of tooth
loss and/or restoration seemed to fall within a range of 6 to 15 teeth in this mature
sample; 2.) the parameters of the dentition that change significantly over time include:
overbite, maxillary and mandibular arch perimeter, mandibular intercanine distance, and
dental deflection; and 3.) the parameters of overjet, maxillary intercanine distance, and
molar deflection from Angle Classification show change over time, but this change
seems to be evenly distributed and not statistically significant.

The overall clinical effect of the current findings suggest that as individuals age,
their dentition tends to change in parameters that might affect dental restoration and
orthodontic treatment planning. Dental function may be influenced by changes in tooth
loss and overbite; and changes in arch perimeter may affect decisions regarding dental
restoration including prosthetic replacement and long term retention of orthodontic
teatment,

The mature adult dentition not a static entity. It exhibits gradual, yet significant
change over time, and this change is highly individvalized. As is often said, the only

constant is change.

We grow neither better nor worse as we get old,
but more like ourselves -Mary Lamberton Becker
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Aging...

No wise man ever wished to be younger. -Jonathan Swift

For the unlearned, old age is winter; for the learned,
it is the season of harvest -Hasidic saying

We grow neither better nor worse as we get old,
but more like ourselves -Mary Lamberton Becker

They tell you that you'll lose your mind when you grow older.

What they don't tell you is that you won't miss it very much -Malcolm Cowley
Part of the American dream is to live long and die young -Edgar Friedenberg
At age fifty, every man has the face he deserves -George Orwell
I am not young enough to know everything -Oscar Wilde
The hardest years in life are those between ten and seventy -Helen Hayes

(at age 83)

The secret to staying young is to live honestly, eat slowly,
and lie about your age -Lucille Ball

Life, we learn too late, is in the living, in the tissue of every
day and hour -Stephen Leacock

It is not the years in your life but the life in your years that counts.
-Adlai Stevenson
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Appendix 1. Data Collected on the Presence or Absence of Third Molars

Figure 18. Third Molars in Lower Arch (where Males=28 and Females=14)

Missing Impacted Occluslon“

Mala Eernale Male Famala | Male Female

1 19 11 3 2

9 3 5 9 0

T1 to T2

lto M
Ito O
OtoM

MtoM
|to]
0] +190)

The questions raised concerning third molars include whether or not the subjects with
larger decreases in perimeter had impacted third molars, missing third molars, or third
molars in occlusion. In addition, there was the question of whether or not third molars
influenced the tendency for greater crowding in the mandibular anterior segment. It
would appear from the limited data available that there is no trend in third molar impact
on these parameters of the dentition. A much larger study sample is necessary to verify

any conclusions on third molar influence.
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Appandix 2 DATA

Universal Tooth? {old= Tims 2) Univarsal Tooth# {old=Tims 2) DMFT DMFT
Missing/0ld Total Missing/O Filled/Old Total Filled/O MF 1 MF.2 [MFchange=2 1]
59 23,24 26,20 2-4,8,9,12-18 18-21 22 27 28 31 19 8 24 16
24 1 1] 1 0 2 2
. 0 23,4 12,13,14 15,10,18 20 25,29 30 33 12 0 12 12
IRLE 3 2601002131808 21,28 29 N 16 4 19 15
0 0 3 7,14,15,19,19 30 3¢ 8 4 8 4
[ 0 25,10-18,19 21 28,29 15 0 15 15
213 2 3-5,12,14,18,10 20 28 31 13 ] 15 6
14,30 2 28,12 15,19,20,28 21 12 7 14
24 28 2 2,3,14.18,12 19,3031 | 8 10 2
420,30 3 2,3,5,0,12-16,18 21,28 2031 15 8 18 10
2,4,30 3 3.5,8,9-14,18 21 28 31 17 6 20 14
o 0 2-8,4-7,18-21 28 21 16 0 16 16
87 3 2.3,12,12,18,19 20,30 10 0 13 13
] 0 2 5,8.10,12 16,15-20 28.31 17 1 17 16
] 0 2-8,81298 -1 N 17 1 17 18
0 ¢ 2-7,10,12,13,18-20,28,28- 18 3 16 13
-] 0 2-8.12-18,98-21 28-01 18 15 16 ]
0 ¢ 4-5,13-18,18-20,28-31 13 2 13 11
] 0 31218102028 11 [ 9
13 1 2-5.0,12,14,18,08 21,20 3% 19 17 20 3
[] 1] 2 §,12-18,18.-20 29-31 14 4 14 10
] o 2-8,7.12-15,18 20,2720 2 17 17 17 0
a 0 2-5.7.8.12:15.15-28 28-21 17 4 17 13
780,10 4 2-5.6,11,12-16,18 21 28 31 18 16 22 6
2 15 6 17 11

20,29

2-5.0,7,12-15,10,18.20 18 3%
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Apperim 2 DATA

Universal Tootht {old= Time 2) Umversal Tooth# (ald=Tims 2) DMFT DMFT
Missing/Old Total Missing/Q Fliled/Old Total Filled/O MF-1 MF-2 {MFchange=2-1]

[ARIRTRIE"E1} 7 236121318202 28 39 10 a 17 9
0 0 28,1419 1930 8 0 8 3
710 2 2.4.5 12,1318 20,29-01 11 4 13 9
0 0 287801012 151852028 31 18 0 8 18

° 0 3 14,20,29 30 5 0 5

0 0 2-8,12:15,10 20,3031 13 4 13
0 0 2 §,7.8,10-18 18 21 28.31 20 10 20 10
[ Q 4.5.8:11,14 15 18 20,30 3 13 3 13 10
] 1 2-86,7,9,13-18 18 20,2¢-1 15 10 18 b
[ 0 2-0,t2-18 18 20 32 31 16 4 16 12
12 1 3-8 11 13-18,08-20,27 N1 15 5 16 11
[ 1} 2.4,8.7,13 18 18 20 31 12 9 12 3
218 2 8-5,11-14,18 21,28 N 15 3 17 14
[ 1] 2-8.14,15,18 18,30,31 10 0 10 10
[ 0 2-5,12-18,18 21,28-0 16 0 1 18
0 0 2,9.5,14,16,13,19,30.31 9 [ 9 9
[ 1] 2.9,11:15,18 23, 28-21 18 7 10 M
0 0 2-6,8.0,12.18,18 21,28 N 18 12 18 ]
] 0 2-8,12-14,19,20,28-31 13 2 13 11

[ 0 2 85,14,15,15-20.20-21 13 7 13
[ 4] 2,3,12-16,10 19,29-31 11 7 11 3
] *] 2,4-8,10,12 16,10 21,301 15 1 15 14
18,190,268 3 2 7.01-15,20,21 28 21 17 ] 20 12
[} 1 2-0 8,110 16 18-20,29,31 17 2 8 16
] 0 2.6,12-18,18-21,29-31 15 -] 15 7
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Appendix 2. DATA
oB 0B Od OJ PU PU PL PL
ok oB.2 [OBshange»2-1) 0J-1 042 [OJehange=2-1 rPU-1 PU-2 [PUchenge= 1) PL-1 PL-2 [PLchanges2 1]
4 2 -2 2 1 -1 69 6 66.8 -28 59 1 555 -3 6
45 53 0.8 6 6 ¢ 76 4 733 31 63 3 61 -23
4 28 -12 25 3.5 1 671 67 9 o8 56 5 57 05
35 4 0.5 3 2 -1 732 706 -26 59.7 56 9 -28
8.5 1Q 1.5 156 0 -1.5 69 7 67 -27 62 5 618 -0.7
2.5 3 05 2.5 3 0.5 76 5 76 3 -02 62.5 63.8 13
55 35 -2 25 2 -0.5 73.9 70 8 -3.1 59 7 59 6 -0t
2.5 35 1 2.5 4 15 75 4 74 6 -08 65.8 639 17
3.5 4.5 1 0 2 2 659 63.5 -2.4 601 57 3 -2.8
5 55 05 4 6 2 67 1 65.4 -1.7 56.1 56.6 0.5
3 as 0.5 3.5 4 0.5 701 715 14 63.3 65 5 2.2
3.5 2 -1.5 3.5 3 -0.5 73.8 72.8 -1 64 8 62.8 -2
0 0 0 0 0 0 73 73 4] 67.4 67 4 0
4 2.5 -15 3.5 4 0.5 73.9 75.1 02 65.8 66.1 03
4 2.5 -1.5 45 2.5 -2 80 79.2 -0.6 68.4 65.8 26
5.5 6 0.5 2.5 1.5 -1 721 71.7 -0.4 59.9 57.4 25
4.5 as -1 35 3 -0.5 72.6 71.9 -0.7 60.5 61.2 0.7
5 a.5 -1.5 4 5 1 80 77 -3 54.8 61.7 -3.1
4.5 3 -1.5 1.5 2 0.5 739 71 8 -2.1 62.7 60.5 22
45 4 -0.5 2.5 3 0.5 75.2 72.2 -5.1 58.1 55.7 -2 4
7.5 4.5 -3 2.5 2.5 0 70 68 9 -11 58.5 611 2.6
5 5 0 a5 4 05 70 4 71.9 1.5 63 64 7 17
5 3.5 -1.5 2.5 5 25 70.4 74.9 4.5 62 2 61 9 -03
1 1 0 2 3 1 66 8 68.3 15 57.6 68.8 12
3.5 3.5 0 25 3.5 1 74 3 74.3 1) 637 66 1 24
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