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ABSTRACT

Microcanals were found in 1972 and have been studied for

microstructure, cell contents, and morphology in human, bovine, and red

deer permanent and deciduous teeth. No study has previously been designed

to determine the prevalence of microcanals found in human teeth.

The purpose of this study is to estimate the prevalence of microcanals

in different tooth types and groups in deciduous anterior teeth. Materials

were 168 extracted or exfoliated deciduous maxillary anterior teeth with or

without complete root resorption. Each tooth was sterilized and cut into 2

mm transverse section. Samples were secured in resin, polished with

diamond slurries, and examined with a light microscope. Microcanals were

counted and carefully measured with BioCuant/TCW system.

The overall prevalence was 17.3% and 21.2% without cuspids

(prevalence in cuspids was 2.8%). The highest prevalence was found in

right lateral incisors (30.4%) and the lowest was found in right cuspids (0%).
The maximum number of microcanals was 43 in one of the left central

incisors. The mean number of microcanals was largest in the central incisors

(19.7), then lateral incisors (16.2), and the lowest (2.0) for the cuspids.



1. BACKGROUND AND LITERATURE REVIEW

1.1 REVIEW OF DENTIN

Dentin is primarily formed from secretory products of the

odontoblasts and their processes. The hard tissue constitutes the body of
each tooth, serving as both a protective covering for the pulp and a support

for the overlying enamel. Three commonly found components of connective

tissues are: the cell processes odontoblasts and neurons, fibrous matrix

(Type I collagen fibers) and ground substance (mainly proteoglycans and

glycoproteins, chemically rather similar to the ground substance of bone).

1.1.1 Dentin structure and classification

Dentin, in different locations, developmental stages, and mineral

contents, can be classified into different categories. The summary of the
definition of dentin in different categories is showed in Table 1-1.

• Table 1-1

Classification of dentin by location, patterns of mineralization and
development (Nicholas, 1994)
Location
Intertubular dentin: found around and

between dentinal tubules
Intratubular dentin: found and formed

within dentinal tubules; also called
peritubular dentin

Mantle dentin: in the crown formed
initially; outer coronal dentin

Circumpulpal dentin: nearest to the pulp;
formed in crown after mantle dentin
has been deposited.

Pattern of Mineralization
Globular dentin: formed from

calcospherites
Intraglobular dentin: hypomineralized

dentin between mantle and circumpulpal
dentin; normally only found in coronal
dentin

Tomes granular layer: hypomineralized
zone in root dentin; similar to
intraglobular dentin in the crown.

Sclerotic dentin: hypermineralized,
occluding intratubular dentin

Developmental Pattern
Primary dentin: formed before and during

active eruption
Secondary dentin: formed when the tooth

first comes into occlusion

Tertiary dentin: formed as a result of a
pathologic response



1.1.2. Dentin matrix composition: inorganic and organic constituents

Mature dentin is about 70% mineral, 20% organic matrix, and 10%

water on a weight basis, and about 50% mineral, 30% organic matrix, and

20% water on a volume basis (Eastoe, 1967). It varies in hardness and

mineral content in different areas of the tooth

1.1.2.1 Inorganic matrix

Apatite, a relative of hydroxyapatite, Calo(PO4)6(OH)2, is the principal
inorganic component of the dentin matrix. The apatite crystals are in the
form of flattened plates having the dimensions of approximately 60-70 nm in

length, 20-30 nm in width, and 3-4 nm in thickness (Schroeder, 1991). The
phosphate:calcium ratio (by weight) varies in peritubular (1:2.14) and
intertubular (1:2.10) dentin, but overall averages 1:2.13.

1.1.2.2. Organic matrix

91 to 92% of the organic matrix of dentin consists of collagen. Most

of the collagen is type I with minor amounts of type V. Type III collagen is
only found in the pulp and in the predentin matrix of developing teeth
(Lechner, et al., 1981). A summary of the classification of organic

components in dentin is showed in Table 1-2.
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• Table 1-2

Qrganic components in dentin and their possible functions (Nicholas, 1994)
Component
Collagen

Phosphoproteins

Proteoglycans

Y-Carboxyglutamate-containing proteins,
matrix Gla, and bone Gla (osteocalcin)
proteins

Acidic glycoproteins

Growth factors

Lipids

Comments
Major organic component (91-92%).
Type I predominates with minor amounts

of type V; type III is found in the pulp
and during early dentin matrix formation.

Major noncollagenous protein; deposited at
the mineralization front; not found in
predentin.

Dermatin, chondroitin and keratin sulfates;
decorin and biglycan are present.

Carboxylation reaction is vitamin K
dependent.

Osteopontin, 65 and 90 kDa glycoproteins.

Transforming growth factor-3, cartilage
inducing factors, insulin-like growth

factors, and platelet-derived growth factors.

No unique lipids are found in dentin.

1.1.3 Contents of the dentinal tubule

Function
May play a role in initiating mineralization.

Provides the structural framework for
dentin, giving it strength and resilience.

May play an important role in
mineralization.

Some inhibit mineralization and others
bind calcium nonspecifically. Thus, their
presence may control the mineralization
process. Those that associate with
collagen may control fibrilogenesis.

Role in mineralized tissues is uncertain, but
they can bind calcium, suggesting that
they may initiate or control the
mineralization process in some way by
regulating local calcium levels.

Osteopontin may be associated with the
odontoblast process, serving as a link
between matrix and cell membrane.
Roles of other proteins are unknown.

May control the proliferation and
differentiation of new odontoblasts
following injury or a pathologic process.
Stimulate repair.

Phospholipids may be involved in the
initiation of mineralization.

The odontoblastic process is the primary occupant of the dentinal

tubule. The odontoblastic process extends further into the tubule, and some

may reach the DEJ (Frank, et al., 1988). Scanning electron microscopy

(Kelley, et al., 1981) and immune staining of dentin (Aubin, 1985) with
antitubulin antibodies and antiactin antibodies also indicated that the

processes of many odontoblasts extend to the DEJ. Other investigators
(Szabáo, et al, 1984) have shown that odontoblast processes have numerous
side branches that exist in the lateral branches of the dentinal tubules

throughout the dentin.

The other cellular processes found in the dentinal tubules are nerve

fibers and endings. The fibers often partially encircle the odontoblast

º,

|z/-
- . >

*.=
*. ■ º *É.

2– º
T

Gãº
*

s
~

%º -º
-lº: *



process and do not extend as far as the odontoblast process. Some nerve

endings in the dentinal tubules have singular enlargements whereas others

have alternating dilations and constrictions with the odontoblast processes
(Schroeder, 1991).

1.1.4 Dentinal fluid, permeability, and sensitivity

Dentin is composed of tubules and fluids can readily flow across or

through the dentin tubule complex from the pulp to the DEJ or when the

enamel is damaged from the DEJ to the pulp (Pashley, 1992). In fact, fluid

arising from the surface after exposure of the dentinal tubules has a similar

composition as plasma and is formed as a transudate of plasma. Fluid, from

the pulpal capillaries, penetrates through the odontoblast-predentin layer

then enters the dentinal tubule under a slight positive pressure.

Bacterial products (endotoxins) can enter the pulp through the

dentinal tubules and create an inflammatory response. As a result of

inflammation, there is an increase in the permeability of blood vessels in the

pulp. The increased pulpal pressure and production of dentinal fluid tend to

cleanse the tubules and hinder bacteria from entering the pulp

(Rauschenberger, 1992). The dentin permeability can be decreased by

sclerosis or restorative material that partly fills the dentinal tubules (Stanley

et al., 1983). The application of bases, liners and varnishes can seal and

reduce the permeability of dentinal tubules and also decrease the sensitivity

of the teeth (Cox et al., 1980).

1.2 REVIEW OF MICROCANALS

Tronstad (1972) first described the phenomenon of a series of round

holes or slits mesiodistally across the middle of dentin by using optical



microscopy and microradiographs in the examination of permanent incisors.

Orban (1941) noted a similar feature in a developing molar. He explained

this as a part of the pulp that had been “left behind”. It had been generally

assumed that this was a “dead tract” caused by exposure of the dentin. In a

later study, Miller (1981), a microradiograph of a forty-micron-thick

transverse ground-section from an unerupted primary incisor showed the

presence of similar holes at a lower magnification. The term “giant tubules”

(Tronstad, 1972) or “microcanals” (Agematsu, 1990) were used to describe
the holes.

Microcanals do not represent a rare anomaly but occur regularly in

human, red deer, bovine, and rat teeth. Tronstad (1972) and Miller (1981)

showed the presence of microcanals in the incisors of permanent and

primary dentitions. In Hals (1983, 1984) and Hals et al’s (1984, 1988)

series of studies, microcanals occurred with great regularity and in great

numbers in the coronal and root dentin of permanent and primary red deer

incisors. Dyngeland (1988) and Dyngeland et al (1984, 1986, 1987, and

1988) demonstrated microcanals in bovine unerupted permanent teeth.

1.2.1 Ultrastructure of microcanals

In human coronal dentin, microcanals are found in the secondary and

primary dentin of permanent and primary human teeth. The connection of

these tubules with the pulpal cavity has been demonstrated. Hals (1983 a)

performed an examination of 50 permanent and 10 primary anterior teeth by

light microscopy and 63 microradiographs from 63 primary anterior teeth.
The microcanals were observed to extend from the border of pulpal cavity,

penetrating secondary and primary dentin to end just within the incisal
dentinoenamel junction. The lumina of the tubules were 5-40 pum wide and



bordered by an approximately 10-plm-wide, usually hypermineralized, rim of

dentin. The microcanals were located in a 20-80-plm-wide translucent band

along the mesiodistal axes of the teeth. The number of such tubules varied
between 0 to 30.

In red deer coronal dentin, microcanals have similar features as those

previously described in man (Hals, 1983 b). Compared with human dentin,

the number of giant tubules was greater and they occurred in all examined

teeth. Up to 60 microcanals, usually with 15-100 pum diameters lumina,

were embedded in the 40-100-plm-wide central band. In some areas the

microcanals were arranged in three rows, observed in transverse section.

The hypermineralized wall area of the tubules was 10-15 pum and the

dentinal tubules in this area were barely visible.

In bovine teeth, the majority of the microcanals are situated in the

mesiodistal axial plane (Dyngeland et al, 1984), the diameters of the lumina

are 150–250 pum. The tubules seemed to be “arranged in pairs”. Each

microcanal had a relatively constant diameter along its length, which varied

in the range of 10-50 pum (Dyngeland et al., 1986 a). By microradiography

(Dyngeland et al., 1986 a), the mineral content of the microcanal walls at all

levels was less than the dentin midway between two adjacent microcanals.

Microcanals are not only found in coronal dentin but also in root

dentin of human, red deer and bovine teeth. Hals et al., (1984) observed

incisal and cuspal teeth from red deer by incident light microscopy. They

found an abundance of orifices of microcanals on the walls of the pulpal
chambers and root canals. Whereas the coronal microcanals are located in

the mesiodistal axis of the crown, the microcanals in the root are found

radially in all quadrants of the dentin (Hals, 1984). The hypermineralized



walls surrounding the microcanals were less frequent in the root dentin. It

should be noted that there is no crowding of odontoblasts in the root pulp;

the development of the root microcanals cannot be explained by death of

odontoblasts, due to crowding during dentinogenesis.

Dyngeland (1988) and Dyngeland et al, (1984, 1986, and 1987),

characterized the microcanals of unerupted permanent bovine incisors into

three portions. (1) The pulpal vascularized portion of each microcanal

contained two capillaries, an afferent and an efferent blood vessel forming a

hairpin loop incisally and being surrounded by basophilic cells (Dyngeland
et al, 1987). Using radioactive [H]-proline incorporation for investigating
the synthesis of collagen (Dyngeland et al., 1988 b), they found high [*H]-
proline labeling within this portion, thus showing the activity of the cells.
Cells with a rich rough endoplasmatic reticulum (RER), mitochondria, and

Golgi apparatus were shown to be responsible for the formation of the

unmineralized collagenous matrix that filled the larger incisal portion of the

microcanals. (2) The major portion of the microcanals (Dyngeland et al,

1988 a), incisal to the blood vessel loops, contained a dense matrix of

collagen fibrils. Possible fibrogenic cells, functioning for the elaboration of

connective tissue in the pericapillary area, were embedded in the

unmineralized collagenous matrix and exhibited increasing degenerative and

necrotic changes in an incisal direction. They were probably left behind by

the retreating blood vessel loop. (3) The third portion was the microcanals

origins.

Agematsu et al, (1990) performed a scanning electron microscopic
(SEM) observation of the coronal dentin of deciduous incisors that had

microcanals and continuous zones of interglobular dentin (CID) in the labio

lingual central portion of dentin beneath the incisal edge. In their



observation, the collagen fiber bundles within microcanals were arranged

almost in parallel with the canal long axis. The CID were aligned with the

long axis of the tooth and were found about half the width of the incisal edge

dentin on the incisal edge side and did not appear in the vicinity of the pulp

cavity.

1.2.2 Hypotheses for microcanal formation

In the literature, microcanals are not often mentioned. Perhaps this is

because they are not found in all teeth, and then, various theories regarding

the microcanals origin, genesis, and function have been presented.

In Miller (1981) and Tronstad's (1972) view, the space, or holes, is

the result of a passive accumulation of odontoblasts from the buccal and

lingual sides being forced together in the narrow incisal midline.

Subsequent necrosis associated with crowding and disturbances, during

tooth development results in a microcanal. The appearance of a

hypermineralized zone surrounding the giant tubules suggests that some of
the odontoblasts continue to act as odontoblasts and produce

hypermineralization adjoining the giant tubules.
Wright et al, (1985) observed eight non-carious primary incisors,

extracted from a four-year-old patient with a positive family history of

dentinogenesis imperfecta (DI) type II. They reported that microcanals were

more easily visualized in DI teeth. They also suggested a hypothesis that

microcanals might be created by mechanisms other than the defective

cellular differentiation of odontoblasts. During initial dentin formation, cells

along the coronal surface differentiate to form odontoblasts. Clusters of

odontoblasts along the incisal edge might fail to produce a properly

:



organized and mineralized tissue and become microcanals in both normal
and DI teeth.

Agematsu et al, (1990) hypothesized that at the initiation of dentin
formation, odontoblasts differentiated at the location of the DEJ shift inward

(towards to the dental papilla) to a region with a smaller surface area. As a

result, dentin formed on the labial side collides with dentin formed on the

lingual side, causing a disruption and imperfection in dentinogenesis directly
below the incisal center.

Dyngeland (1988 a) presented evidence contradicting the crowding

theory. Some of the points were that (a) dentinal tubules circumvent the

microcanal origins, (b) very few dentinal tubules enter the microcanals, (c) a

blood vessel loop is situated within the pulpal microcanals portion unlike a

normal tubule, (d) the cellular components within the microcanals show vital

staining reactions and vital enzymatic reactions similar to pulp, (e) the larger

fibrous portion contains a dense unmineralized collagenous matrix with very
small amounts of cellular debris, and (f) the circular luminal caliber from

origin to pulp is approximately fixed in diameter.
From this, Dyngeland et al., (1988) suggested a hypothesis, known as

the “vessel retraction” hypothesis, for the initiation and subsequent

development of microcanals. In the first stage, several loci are formed in the
odontoblast layer and peripheral blood vessels of the dental papilla and other

mesenchymal constituents remain underneath the layer. While the
odontoblasts continue moving as a complete layer toward to pulp, normal

circumpulpal predentin with odontoblast processes are left behind. The
matrix with capillary, fibroblasts, and collagen fibrils became enclosed in
the dentin. In the second stage, the microcanals grew in length as new

dentin was formed. The vascular loops and the adjoining fibroblasts were

10



lagging behind within the microcanal lumina. In the third stage, these blood

vessels start to migrate from the microcanal origins to the pulp. They leave

behind the fibroblasts, some odontoblasts and other pulp cells, which

synthesize collagen in the microcanal lumen. They concluded that the

microcanals are the results of the pathway of vessel retraction during tooth

formation (Dyngeland et al., 1988).

Although there is not enough information to make a definitive

conclusion about the formation of microcanals, Dyngeland’s (1988) seems

to be the most plausible mechanism. The loci could be either a defect or due

to the crowing of the cells. These results in the layer of odontoblasts just

underneath the enamel filled with pulp tissues, capillaries and cells, and

which eventually retract when the odontoblast layer moves pulpally. Some

left-behind odontoblasts and fibroblasts remain, forming the matrix and

hypermineralized rim around the microcanals. Crowding of odontoblasts

may also play a role, since such crowding could lead to the poorly
mineralized mesio-distal band that is observed between microcanals. After

dentin formation, capillaries remain in the pulpal portion of microcanals.

Functional fibroblastic cells produce collagen that fills most of the canals in

the incisal portion. These cells eventually degenerate as the blood supply

“retracts” and leave behind a few cells functioning like odontoblasts.

1.2.3 Possible functions of microcanals

The function of microcanals is just like the formation of the canals

which is still unknown. Dyngeland (1988 a) suggested two possible
functions of the microcanals are:

1) To encourage diffusion processes to the most distal part of the incisal

dentin, facilitating secondary mineralization
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2) To increase the sensitivity of the tooth.

When incisal dentin is exposed, the unmineralized microcanals might:

a) Promote diffusion of low molecular weight substances from the external

oral environment into the pulp

b) Establish a pressure gradient from the distal part of the incisal dentin to

the pulp, both initiating a rapid tertiary dentin formation above the incisal

pulpal edge.

Mostly, the function of microcanals is thought to provide communication

between DEJ and pulp or the oral environment and pulp. Unfortunately, it

also can be an easy pathway for bacteria penetrating through the hard tissue

into the pulp, causing pulp infection or inflammatory reaction.

1.3 PREVIOUS METHODS OF DENTIN MICROCANAL STUDY

There are several methods used to study microcanals in the literature.

For basic microcanal observation and description, samples were transverse

sectioned and ground to less than 200-plm thickness in order to observe them

under transmitted light microscopy, incident light microscopy, polarized

light microscopy, and microradiography. To examine different directions

and follow the path of the microcanals, teeth can also be sectioned in

axiomesiodistal or axiobuccolingual directions. For higher magnification,

scanning and transmission electron microscopy have been used.

For histochemical studies, the teeth were used immediately after they

were removed from the animals and were kept in an isotonic EDTA-sucrose

solution to be decalcified while maintaining vitality of cellular components

(Dyngeland, et al., 1984). The specimens were studied by SEM or electron
probe (Hals, et al, 1985) to examine the cells and the concentration profiles
of Ca, P, Mg, Zn, F, S and K. For investigating synthesis of collagen, [*H]-

12



proline was used as a suitable tracer and autoradiography was used for “in

vitro” study.

2. STATEMENT OF THE PROBLEM

Although permanent tooth dentin has been studied extensively, the

microstructure of dentin in deciduous teeth has received only limited

attention. Microcanals, first identified in 1972 in human permanent and

deciduous teeth are known to be sometimes present, but they were not often

mentioned in the literature describing the microstructure of dentin in anterior

teeth and their prevalence has not been established. Previous investigators

have demonstrated and proved the existence of microcanals, tubules with

lumina much wider than those of the ordinary dentinal tubules, in the

primary and secondary dentin of permanent and primary human teeth, as

well as in mouse, red deer and bovine teeth. A possible explanation for

microcanals has been described based on the presence of blood vessels that

are left behind by the moving odotoblast layer during dentinogenesis.

Microcanals probably affect disease progression, restoration and treatment,

but the prevalence and any effect of their presence has not been evaluated.

The rationale for an investigation of microcanals in the primary dentin

by reflected light microscopy was the ability of this method to reveal that

microcanals do not represent a rare anomaly, but do occur regularly, in a

considerable number in primary maxillary anterior teeth of the human. In a

previous study, by Sumikawa (1996), the prevalence of microcanals in
deciduous dentin in anterior teeth was about 20% but the sample size was

only 20 teeth, so there was not an adequate number of specimens. Thus,

there is a need for a study that seeks to accurately estimate the prevalence of

:
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microcanals by increasing the sample size. The study also should attempt to

find out the prevalence in different tooth types, especially in deciduous

anterior teeth, since the current literature would seem to suggest that

microcanals might have higher prevalence in deciduous anterior teeth.

3. PURPOSE

The purpose of this study is to determine the prevalence of

microcanals in primary maxillary anterior teeth, using sectioned tooth

samples incident light microscopy and an image analysis system. The

information gained should provide a better understanding of the

microstructural characteristics of microcanals, their prevalence in different

tooth types and lead to the further study of the influence of microcanals on

bonding, caries progression and tooth sensitivities.

4. MATERIALS & METHODS

4.1 SAMPLES

Samples for this study were collected from the pediatric dental clinics

of the University of California, San Francisco Dental Clinic, San Francisco

General Hospital and Children’s Hospital Oakland, also by local pediatric

dentists around the Bay Area. Teeth were collected following a protocol

approved by the UCSF Committee of Human Research. One hundred sixty

eight extracted or exfoliated deciduous maxillary anterior teeth with or

without complete root resorption were included in this study. The reasons
for extraction included severe caries, trauma, esthetic concerns, and occlusal

discrepancies. All teeth were stored in a 10% buffered formalin solution

14



following extraction and subsequently sterilized by gamma-irradiation

following the procedures of White et al, (1994).

4.2 TOOTH PREPARATION

The teeth were carefully identified and labeled in the universal system

by the alphabet, C through H. The caries status was also examined and

noted. Each tooth was prepared and mounted individually on a wooden

tongue blade with its facial side up and its long axis placed parallel to the

long axis of the tongue blade and then secured with thermoplastic glue. The

tongue blade was secured into the arm of a low speed saw (modified

Buehler® Isomet"M. Low Speed Saw, model #11-1180, Buehler Ltd., Lake

Bluff, IL) with the long axis of the teeth perpendicular to the blade. A 2.0-

mm thick slice of tooth was sectioned by using a 0.3-mm thickness circular

diamond blade. Two parallel serial sections were obtained, the first section

was 2 mm below the incisal edge and the second section was 2.3 mm below

the first. The first section surface, incisal surface, was examined (Figure 4

1).
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o Figure 4-1

Schematic representation of sample preparation

The sample was transferred to a Sampl-Kup(B cap-base with the

incisal surface facing down. Nine samples in each Sampl-Kup(B) were

oriented, also numbered, counterclockwise and were vacuum dried for 20

minutes. The Sample-Kup(S) and the hollow cylindrical half with shoulder

end up was placed over the base cap and filled with Buehler® resin to near

capacity. The resin mixture was weighted accurately by a ratio of 5 parts of
EPO-KWICK Resin (20-8136) to one part of EPO-KWICK Hardener (20

8138) and blended gently but thoroughly by mixing the resin and hardener

for about one minute. Molds were cured at room temperature and allowed to
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set overnight. Mounts were removed by prying off the base cap and

applying firm thumb pressure from the shoulder end of the cylinder.

The samples were polished using abrasive strips on the strip grinder

from 600 through 1200 grit and then using alumina polishing slurries of 6.0,

3.0, 1.0 and 0.3 plm on polishing felt clothes mounted onto a smooth glass

surface (Buehler® Texmet polishing cloth, Buehler Ltd., Lake Bluff, IL).

4.3 REFLECTED LIGHT MICROSCOPY

The samples were examined by a reflected light microscope equipped

with photo and video image system. Using an Olympus@ BX 50

Microscope System (OLYMPUS® Optical Co., LTD, Tokyo, Japan) with

WH 10x eyepiece and UMPLFL (BD) Plan Semi-Apochromat Objectives,

5x magnification through 50x. Each sample was first observed at low

magnification (50x), brightfield with suitable light source, for screening. If

the microcanals were present, selected images were photographed using the

photo image system, using PE 2.5x photo eyepiece, Olympus(5) OM-4T

camera and Kodak(B) 35 mm 200 ISO/ASA color print film. The images

were taken with camera setting at automatic with +2 exposure

compensation. Some samples were examined by adding Nomarski DIC lens

for improving focus at higher magnification.

4.4 IMAGE ANALYSIS

The images were also digitized and transferred to the computer

through the Olympus U-CMAD and U-TVO 5x video image system

(OLYMPUS® Optical Co., LTD, Tokyo, Japan). The numbers of

microcanals were counted and the diameters of the lumina were measured
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with the BioCuant/TCW Image Measurement System for Windows. Since

the lumina were often irregular in shape, the maximum dimension was used
as a measure of the microcanal size.

4.5 STATISTICAL ANALYSIS

All data were keyed twice into a computer, verified for accuracy, and

analyzed using the SAS system for windows. Descriptive statistics were

calculated. The prevalence and the number of microcanals present were

calculated separately by different tooth group and type. A Chi-square test

was used to determine significant and differences with P value set at 0.05.

5. RESULTS

One hundred sixty eight deciduous maxillary anterior teeth were

examined in this study. There were: 11 right cuspids, 23 right lateral

incisors, 46 right central incisors, 43 left central incisors, 20 left lateral

incisors and 25 left cuspids. Based on these tooth categories, there were 89

central incisors, 43 lateral incisors and 36 cuspids (Table 5-1).
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• Table 5-1

Microcanal prevalence in the different tooth groups and types
Number of teeth

N= Present Not present Prevalence %
Tooth group

C 11 O 11 0.00
D 23 7 16 30.43
E 46 6 40 13.04
F 43 13 30 30.23
G 20 2 18 10.00
H 25 1 24 4.00

Tooth type
Central incisors 89 19 70 21.35
Lateral incisors 43 9 34 20.93

Cuspids' 36 1 35 2.78
Total

168 29 139 17.26

f Chi-square test of association between cuspids and central and lateral incisors (P<0.05).

All samples collected were qualified for this study. No pulp exposure
was found. In the following, the term “tooth group” refers to each of the 6

tooth categories: #C (deciduous maxillary right cuspid), #D (deciduous

maxillary right lateral incisor), #E (deciduous maxillary right central

incisor), #F (deciduous maxillary left central incisor), #G (deciduous

maxillary left lateral incisor), and #H (deciduous maxillary left cuspid). The

term “tooth type” refers to a group of teeth which includes the categories

deciduous maxillary central incisors, deciduous maxillary lateral incisors

and deciduous maxillary cuspids.

5.1 THE PREVALENCE OF MICROCANALS

Microcanals were found in all groups of teeth, except the right

cuspids. The prevalence was recorded and analyzed statistically for the
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following variables: tooth groups (#C, D, E, F, G, and H), tooth types
(central incisor, lateral incisor, cuspid) and overall (Table 5-1).

The overall prevalence of microcanals in primary maxillary anterior

teeth was 17.26%; but for individual tooth group, the prevalences were: 0%

in right cuspids, 30.40% in right lateral incisors, 13.04% in right central
incisors, 30.23% in left central incisors, 10.00% in left lateral incisors and

4.00% in left cuspids. The highest prevalence was found in right lateral

incisors (30.43%) and the lowest prevalence was in the right cuspids (0%).

In different tooth types, the prevalences were: 21.35% in central

incisors, 20.93% in lateral incisors and 2.78% in cuspids. A Chi-square

statistic test indicated the prevalence in cuspids was statistically different (P

= 0.034) than in central and lateral incisors. The cuspids have significantly

lower prevalence than the other tooth types. Nevertheless, for central and

lateral incisors, there was no difference in the prevalence.

The data also suggested that the prevalence was different between

different teeth and different tooth types (Table 5-2).

• Table 5-2

Chi-square test (P value) for prevalence in different tooth group

Tooth group C D E F G H
C >k 0.040' 0.205 0.036' 0.278 0.501
D 0.040' >k 0.082 0.986 0.100 0.014"
E 0.205 O.082 >k 0.048' 0.728 0.222
F 0.036' 0.986 0.048' >k 0.079 0.010"
G 0.278 0.100 0.728 0.079 >k 0.423
H 0.501 0.014' 0.222 0.010' 0.423 >k

f Chi-square test shows statistical difference (P<0.05).
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5.2 THE NUMBER OF MICROCANALS PRESENT

The numbers of microcanals present were recorded and analyzed

statistically for the following variables: tooth groups (#C, D, E, F, G, and H),

tooth types (central incisor, lateral incisor, cuspid) and overall (Table 5-3).

• Table 5-3

The number and range of microcanals present in different tooth groups

and types

Containing microcanals
N= Minimum Maximum Mean SD

Tooth group
C 0 0 0 0.00 0.00
D 7 9 39 18.86 11.82
E 6 2 40 20.17 12.25
F 13 2 43 19.85 12.34
G 2 1 13 7.00 8.49
H 1 2 2 2.00 0.00

Tooth type
Central incisors 19 2 43 19.74 12.26
Lateral incisors 9 1 39 16.22 11.88

Cuspids 1 2 2 2.00 0.00
Total

29 1 43 18.03 12.21

The overall mean number of microcanals present in deciduous

maxillary anterior teeth was 18.03 and the SD (standard deviation) was

12.21. For individual tooth groups, the mean number and the SD of

microcanal present were: 0.00 + 0.00 in right cuspids, 18.86+ 11.82 in right

lateral incisors, 20.17 ± 12.25 in right central incisors, 19.85 + 12.34 in left

central incisors, 7.00 + 12.34 in left lateral incisors and 2.00 + 8.49 in left

cuspids. The range of microcanals present was: 0 in right cuspids, 9-39 in
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right lateral incisors, 2 - 40 in right central incisors, 2 - 43 for left central

incisors, 1 - 13 in left lateral incisors and 2 in left cuspids. The maximum

number of microcanals present was found on a left central incisor and the

number was 43. Among teeth in which microcanals were identified, the

minimum number present was found on a left lateral incisor and the number

was only 1.

The data showed that the number of the microcanals present ranged

from 1 to 40 and the deviation range is extensive. The data also suggested

that central incisors tend to have a higher number of microcanals in one

tooth than lateral incisors and cuspids.

5.3 MICROCANALS VERSUS CARIES

Ninety-five teeth were found carious before tooth preparation and 73
were caries free. In 95 carious teeth, 17 teeth with microcanals were found

and 12 in 73 caries-free teeth with microcanals were found. The association

of caries versus not caries with microcanals present is shown in Table 5-4.

The data showed no statistically significant difference between

carious and caries-free teeth in microcanals present in overall samples and

individual tooth group and type.
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• Table 5–4

Association of carious teeth and teeth with microcanals by tooth group
and type

Number of teeth
Microcanals Present Not Present

Carious Not Carious Carious Not Carious Chi-squares P=
Tooth group

C - 0 0 5 6 >k

D 4 3 8 8 0.188
E 5 1 22 18 0.752
F 6 7 21 9 0.137
G 1 1 7 11 0.760
H 1 0 15 9 0.443

Tooth type
Central incisors 11 8 43 27 0.779
Lateral incisors 5 4 15 19 0.540

Cuspids 1 0 20 15 0.391
Total

17 12 78 61 0.804

*Too small sample size to test.

5.4 THE CHARACTERISTICS OF MICROCANALS

5.4.1 Lower Magnification

At lower magnification, a 20-80-plm wide band was found along the

mesiodistal axis of the sectioned crown through the whole width of the

dentin except the area just within the dentinoenamel junction, when

microcanals were present (Figure 5-1). The band contained a highly

variable number of wider and narrower (5-70-pim) holes. Up to 40 holes,

most commonly 20, representing transversally cut microcanals, were

counted in the incisors. The number seemed to decrease with tooth types

with decreasing
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• Figure 5-1
Light microscopy of a transverse section from a maxillary central

deciduous incisor showing line of microcanals in dentin (original x50).



mesiodistal width of the crowns. On the other hand, central incisors without

microcanals of this kind were also found.

When more than one microcanal was present, they were arranged in a

row across the middle of the section mesiodistally, embedded in the band,

and on first impression seemed to decrease in size gradually from the center

to the sides. Sometimes, only one microcanal was present at the center of

the section dentin and the size was always larger than those in which there
was a series of microcanals.

5.4.2 Higher Magnification

At a higher magnification, the microcanals and surrounding dentin

were closely examined (Figure 5-2). The outline of the lumina was circular,

triangular or more irregular and showed numerous indentations. The

diameters ranged from 5-70 pum. Microcanals with narrow lumens could

sometimes be seen. The differentiation between small microcanals and

wide dentinal tubules was problematic.

The microcanals, totally or partly, were surrounded by a widened

peritubular-like area, approximately 10-plm-wide, as a translucent rim.

Those rims were more often and obviously seen around smaller microcanals;

in other cases, especially around larger microcanals, no rim or narrower rim
was seen. However, even when the rim was not found, areas around the

microcanals with lower density of dentinal tubules were still noted. Dentinal

tubules were rarely visible in this area.
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• Figure 5-2

Light micrograph showing enlarged microcanals and surrounding

hyperminerilization rim in dentin (original x200).

5.5 MICROCANALS DISTRIBUTION PATTERN

The dimension of microcanals and the position from the mesial or distal of

the teeth were documented for the teeth with microcanals. No systematic

pattern of microcanal site as a function of position could be seen. Several

samples are illustrated below (Figure 5-3-10).

6. DISCUSSION

Although many studies have been devoted to dentin microstructure,

microcanals nave been studied very little. Most studies in the literature

emphasized the development and content of microcanals. For the most
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• Figure 5-3
Dimension of microcanals from distal to mesial of dentin in sample #112,
left central incisor.

60

15 20 25 30

position from distal to mesial (#)

#125 #D

35

50

4 o

30

20

• Figure 5-4
Dimension of microcanals from distal to mesial of dentin in sample #125,
right lateral incisor.
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• Figure 5-5
Dimension of microcanals from distal to mesial of dentin in sample #127,
right lateral incisor.
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• Figure 5-6
Dimension of microcanals from mesial to distal of dentin in sample #135,
left central incisor.
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• Figure 5-7
Dimension of microcanals from mesial to distal of dentin in sample #146,
left central incisor.
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• Figure 5-8
Dimension of microcanals from mesial to distal of dentin in sample #148,
right central incisor.
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• Figure 5-9
Dimension of microcanals from distal to mesial of dentin in sample #151,
left central incisor.
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• Figure 5-10
Dimension of microcanals from distal to mesial of dentin in sample #155,
right lateral incisor.
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essential question of the prevalence of microcanals in primary dentin, there

has been no previous study.

In this pilot study, a convenience sample of 168 maxillary deciduous

anterior teeth was collected. Based on previous investigations, the

microcanals were observed from the DEJ through the dentin to the roof of

pulpal chamber continuously. Simple sectioned tooth samples were

examined to determine the presence of microcanals.

6.1 MICROCANALS

6.1.1 The Prevalence

In a previous study (Sumikawa 1996), 4 of 20 primary maxillary

anterior teeth had microcanals present and the prevalence was 20%. In our

investigation, the overall prevalence in primary maxillary anterior teeth was

17.26%, and 21.21% without cuspids (which had a prevalence of 2.78%).

For individual tooth groups, the data analysis showed some statistically

significant difference between different tooth groups. The highest

prevalence was found in #D group (30.43%) and #F group had a similar

prevalence (30.23%); the lowest prevalence was found in #C group, which
was 0%.

From a biological view, there should be no major difference between

left and right side teeth. However, in Table 5-2, the data showed #E and #F

were statistically different in microcanal prevalence (P=0.048). The

difference was not critical and can be explained due to small sample sizes.

Combining #E and #F groups as one tooth type appears to be suitable.

Comparing different tooth types, a statistically significant difference

was found for cuspids relative to central and lateral incisors. The overall
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prevalence in central incisors is 21.35% and in lateral incisors is 20.93%;

however, the prevalence in cuspids is only 2.78%. The study does not allow

us to draw a definitive conclusion but it may suggest why the cuspids are

less involved in ECC (early childhood caries) and have a lower caries

progression rate corresponding to the common experience from the clinic.

6.1.2 The number of microcanals

Using a similar transverse section method, Miller (1981) reported 15

20 holes in one tooth. Hals (1983 a), observing 50 permanent and 10

primary anterior teeth, found the number of microcanals was varied between

0 and 31. The highest number, 31, was found in a maxillary central incisor
and mandibular incisors had the lowest number.

In individual teeth of this study, the highest number, 43, was found in

a left central incisor and 40 microcanals were found in a right central incisor.

In total, 8 teeth had more than 30 microcanals present, 6 were central

incisors and 2 were lateral incisors. Additionally, the mean number of

microcanals found in central incisors was larger (19.74) than the number in

lateral incisors (16.22). In cuspids, only one tooth was found to have

microcanals present and the number was only 2.

From data analysis and previous studies, a hypothesis can be made
that the number of microcanals seems to be related to the mesiodistal width

of the crowns. The wider the mesiodistal width of the crowns the greater the

number of microcanals present.

According to the hypothesis of microcanal formation by Miller (1981)

and Transtad (1972), the microcanals are the result of a passive

accumulation of odontoblasts from the buccal and lingual sides being forced

together in the narrow incisal midline. Thus, the lower number of
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microcanals found in cuspids can be explained due to tooth morphology.
Mostly, the anatomy of cuspids is cone shaped. When odontoblasts move

from the outside to the center of the teeth, they will show less chance to “hit
each other” and form microcanals.

6.1.3 The relation between caries and microcanals

In the literature, microcanals are assumed an “express” pathway for
caries progression and a weak point of tooth structure.

Analysis of the data revealed that there was no relationship between
caries and the presence of microcanals. However, most teeth with severe

caries, especially ECC teeth, were not used for this study because of pulpal

exposure after the caries was removed. Future studies are necessary to
understand the correlation of caries and microcanals.

6.1.4 The microcanal distribution pattern

In some cases, the dimensions of microcanals on the sides seem to be

smaller than those in the central area. A hypothesis was made that the

distribution of the size of microcanals followed a pattern that it was larger in
the central and getting smaller gradually on the sides.

From the data analysis, shown in Fig. 5-3-10, no pattern could be

determined. The hypothesis was not supported.

6.2 CLINICAL IMPLICATIONS

The higher prevalence and number of microcanals in incisors may be

related to higher rates of caries in incisors found in clinics. In most cases,

the ECC (early childhood caries) only involves central and lateral incisors,

but not cuspids. One of the explanations is that cuspids are six months
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delayed in the eruption sequence, and thus have less chance to be exposed in

the caries-initiation environment. Another explanation may be that incisors

have higher prevalence and numbers of microcanals present, as a pathway

for bacteria invasion and caries progression.

When operating on deciduous maxillary anterior teeth for caries

removal, especially Class III & IV caries and crowns, fresh dentin is always

exposed on cutting surfaces. In addition, using composite resin as a

restoration material for primary anterior teeth is highly recommended for

esthetics. After acid etching and restoration, post-operation discomfort and

pain due to chemical irritation is very common. It is important to put a base

or liner of “non-irritating” material used as a protector to seal the dentinal

tubules, especially if microcanals are present. On the other hand,

microcanals may reduce bonding strength due to their larger dimension.

Trauma, which involves dentin but not pulp, can cause death of the

pulp with only slight loss of dentin; whereas, a much more extensive loss of

dentin may not be followed by death of the pulp. Microcanals may play a

significant role in this situation. The smallest fractures, although involving

dentin only slightly, can permit a massive communication between the

exterior of the tooth and the pulp. This happens in severe abrasion cases,

teeth are more sensitive and the pulp may die due to the high permeability of
microcanals.

7. CONCLUSIONS

Of one hundred sixty eight deciduous maxillary anterior teeth, 29 had

microcanals present. When only one microcanal was present, it was in the

center of the dentin; however, when more than one microcanal was present,

they were arranged along the midline of dentin in the mesio-distal direction.
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The distance between individual microcanals was varied and depended on

the number of microcanals present.

The overall prevalence of microcanals in human deciduous maxillary
anterior teeth was 17.26%. The prevalence for incisors was 21.21% and for

cuspids was only 2.78%. The central and lateral incisors had similar

prevalence and cuspids had a statistically lower prevalence than incisors.

The numbers of microcanals present in individual teeth varied from 1
to 43. The maximum number of microcanals was 43 in one left central

incisor. The overall mean number of microcanals present was 18.03. The

mean number of microcanals was largest in the central incisors (19.74), then

came lateral incisors (16.22), and the cuspids’ was the lowest (2.00). It

seems that the wider the mesiodistal width of the crowns, the greater the

number of microcanals present.

The diameters of microcanals ranged from 5 — 70 pum, which was 5 —

40 times the size of the normal dentin tubules, and usually was surrounded

by a hypermineralized rim. Those rims were more often and obviously seen

around smaller microcanals; in other cases, especially around larger
microcanals, no or less width of such rim was seen. However, even when

the rim was not found, the areas around the microcanals had lower density of

dentinal tubules. Dentinal tubules in this area were rarely present.

8. FUTURE STUDIES

After this pilot study, several unclear points were brought to light and

need to be studied in the future. A much larger sample size is needed and

documenting specific patient information is necessary, e.g. patient’s age,
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race, pre-and post-natal fluoride exposure, and caries status in the mouth.
Posterior teeth should be included, as should mandibular teeth.

A study of caries and microcanal correlation can be designed. After

caries is removed, a polysiloxane impression can be taken before restoration

during operative procedures in the clinic. The impression would be poured

with fine resin and examined by SEM. This method can also be used for the

study of post-trauma tooth necrosis with microcanals present.

The permeability of teeth, the communication pathway of tooth

exterior and pulp, and the sensitivity of severe abraded teeth, may be

influenced by the presence of microcanals and needs additional study.

However, the origin and mechanism of microcanal formation are still

unknown. Further studies and investigations are needed for better

understanding the microcanals.
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APPENDIX A

Spreadsheets containing raw data for sample teeth.
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Sample# Presence Wicronanal}}TOOth:# Caries
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes

19

16

Yes
Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

21
31

-

.

*: . *
º,º

RSº

º2:
º -

= º
º

T
-: G
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52 Yes
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

97
98
99

100
101
102
103

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes
Yes

Yes

Yes

31

12

12

23

40
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104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155

Yes

Yes

Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

31

43

13

15

14

27

39

13

31

11

º

3
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-
1 tº

Yes

Yes

Yes
Yes
Yes

Yes

Caries
95

54

20

21

Presence Wicronanal{}
29

19

9

1

19.74+12.26

|6.22+11.88

156
157
158
159
160
161
162
163
164
165
166
167
168

Total
168

Central
89

Lateral
43

Cuspid
36

%
17.26

21.35

20.93

2.78 2.00+0.00

A R_Y

& º–| -7.--
£º

s

-- sº2.
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Sample# Present Wicronanal}}Tooth; Caries
29
38
47
49
55
84
91
99
145
150
166

Total
11

Yes
Yes
Yes

Yes

Yes

Caries
5

Present Vicronanal+

*-

º,
º,|

*
º A º ■r
^ s

*-

º

--■
%

2.
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Sample# Present Vicronanal{}TOOth:# Caries

%
30.43

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes

Caries
12

Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes

31

12

39

11

Present Vicronanal{}
7

9
16
18
20
21
43
56
59
67
120
122
124
125
127
128
137
139
144
149
155
159
162
165

Total
23

18
56
67
125
127
137
155

Yes
Yes
Yes
Yes
Yes
Yes
Yes

18.86+11.82

31
12
14

39
11

*

,”**.
*// ºE.

r
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**C.

S
- -

* R_Yample# Tooth; Caries Present Wicronanal{}
-

1 E Yes U -
2 E Yes sº
6 E Yes sº
7 E Yes <!

10 E Yes º,
12 E Yes º,
15 E T
19 E -
22 E Yes † : ; I
30 E Yes
32 E Yes
35 E Yes
36 E Yes Yes 19
41 E
44 E Yes Yes 21
46 E
48 E Yes
50 E Yes
53 E Yes
66 E
72 E Yes
74 E Yes 23
76 E Yes Yes 40
81 E Yes
83 E Yes
86 E Yes
87 E Yes Yes 2
90 E
92 E
95 E
97 E Yes

101 E
104 E
105 E Yes
106 E
107 E
108 E
110 E

133 E Yes _j &
134 E ~ sº

-

136 E ST

138 E Yes º,
143 E Yes º
147 E U
148 E Yes Yes 13 •º

167 E C
tº dº

Total % Caries Present Vicronanal{} ARN

46 13.04 27 6 20.17+12.25 |U
sº

º
-N

47 'º.



36
44
74
76
87
148

: Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

19
21
23
40

13

-

:
.
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Sample# Tooth; Caries Presence Wicronanal}}
3 F Yes
4 F
8 F Yes

11 F Yes
17 F Yes
24 F Yes
26 F Yes
27 F Yes
33 F Yes
37 F Yes
39 F Yes
40 F Yes Yes 16
42 F Yes 6
45 F Yes Yes 31
54 F

58 F Yes Yes 12 s *

62 F Yes * ,
63 F Yes –".
64 F Yes .- º
68 F º

69 F Yes */

71 F Yes Yes 20 Z// º73 F Yes - intº

75 F Yes 1 ^ R_*.*-
77 F Yes Yes 8 *
78 F Yes - )

a !

79 F Yes 2 -
85 F Yes -->
94 F ---,

102 F * %.
103 F
109 F Yes 31 T
111 F -: G
112 F Yes Yes 43 T
116 F f //
118 F Yes 15 24. "
119 F 1)

4–2
135 F Yes 27 >
140 F Yes T
142 F Yes sº
146 F Yes 6 Sº

151 F Yes 31 º,
164 F Yes J º

C
Total % Caries Presence Wicronanal+

- -

43 30.23 27 13 19.85+12.34 *'''',

ARY
40 F Yes Yes 16 –

sº
49 'º.



42 Yes
45
58
71

79
109
112
118
135
146
151

Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

31
12
20

31
43
15
36

31
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Sample# Presence Wicronanal}}Tooth; Caries
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Caries
8

Yes

Yes

Yes

Presence Vicronanal{}
2

13

7+8.49

13
23
25
34
52
61
98

100
113
114
115
117
121
123
126
129
130
131
154
168

Total
20

114
121

%
10

Yes
Yes

13
1

-
! [. º

*-f
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Sample# Presence Vicronanal{}Tooth; Caries
5

14
28
31
51
57
60
65
70
80
82
88
89
93
96
132
141
152
153
156
157
158
160
161
163

Total
25

70

%

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes

Yes

Yes

Caries
16

Yes

Yes 2

Presence Wicronanal}}

Yes 2

1 2+0
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#112 #155#125 #151#127 #148#135 #146
9.51
4.8

18.93
3.42

24.47
42.96
12.77
31.2
7.28

22.65
29.79
7.59
13.02
5.49
5.68
25.3
4.12

37.07
9.64

21.33
37.54
25.78
8.18

30.78
20.61
25.81
35.5
12.75
13.14
18.27
23.33
25.47
27.03
20.66
11.48
8.47
16.12
19.82
7.55
10.77
17.84
11.11
9.93

11.47
17.2

16.47
2.75
2.87
13.15
24.56
16.82
24.96
21.51
21.81
22.54
50.23
27.45

0.83
4.97
3.23
8.96
5.28
4.88
6.45
8.6

7.06

8.47
13.35
38.25
25.97
10.64
10.3
9.06
8.87

40.07
48.43

26
33.47
49.77
15.3

33.41
18.7
2.84
9.94
5.38
20.7
7.62

29.95
14.34
10.96
32.8

48.27
62.15

14.45
10.32
12.39
28.96
27.06
6.19

11.35
51.41
29.94
28.14
35.76

8.6
6.24

24.83
23.83
56.24
38.16
31.2
7.21

26.9
13.41
2.06

43.67
16.8
19.8
6.43
10.73
4.13

26.67
11.07
19.82
24.53
31.4

21.45
17.11
12.16
25.75
7.15
3.42
9.5

19.91
2.06
6.43
15.34
11.99
15.99
4.13
1.71
3.42
8.26

18.6
39.38
47.52
18.66
18.58
10.88
8.43

32.94
15.54
25.71
38.4

2.:
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APPENDIX B

Statistical analysis
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The SAS System 15:10 Thursday, July 30, 1998 1 ~7.

-*

TABLE OF TOOTHNO BY PRESENT ºciº

TOOTHNO PRESENT A R Y

Frequency J º
Percent sº
ROW PCt zº
Col PCt |N Y Total *.

C 11 O 11 T
-

6. 55 0.00 6. 55 | Q |

100.00 0.00 Zº7.91 0.00

D 16 7 23

9. 52 4. 17 13. 69

69. 57 30.43

11.51 24. 14 º
º

E 40 6 46 . º
23. 81 3.57 27.38 -7

86.96 || 13.04 *

28.78 || 20.69 * ----zº

F 30 13 43 C. R_*

17.86 7. 74 25.60 º:
69. 77 30.23 º
21.58 44.83 - *

-
G 18 2 20 - *

10. 71 1. 19 11.90 T º,
90.00 10.00 -

12.95 6.90 5%.
/ ??'

H 24 1 25 > ".
14.29 0.60 14. 88 º

4–2
96.00 4.00 p
17.27 3.45 T s

sº
*

Total 139 29 168 s
e’s

82.74 17.26 100.00 **)
º

| ".
/*
-"

ºl/"C.,

55



The SAS System 15: 10 Thursday, July 30, 1998 2 **

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 5 14.545 0.012
Likelihood Ratio Chi-Square 5 16. 571 0.005
Mantel-Haenszel Chi-Square 1 O. 869 0.351
Fisher's Exact Test (2-Tail) 0.014
Phi Coefficient 0.294

Contingency Coefficient 0.282
Cramer's V 0.294

Sample Size = 168
WARNING: 33% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.

56 'º,



The SAS System 15:10 Thursday, July 30, 1998 3

TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt |N Y Total

C 11 O 11

32.35 0.00 32.35

100.00 0.00

40. 74 0.00

D 16 7 23

47.06 20.59 67. 65

69.57 30.43

59. 26 || 100.00

Total 27 7 34

79. 41 20.59 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 4. 216 0.040
Likelihood Ratio Chi-Square 1 6.307 0.012
Continuity Adj. Chi-Square 1 2. 560 O. 110
Mantel-Haenszel Chi-Square 1 4.092 0.043

Fisher's Exact Test (Left) 1.000
(Right) 0.046
(2-Tail) 0.069

Phi Coefficient 0.352

Contingency Coefficient 0.332
Cramer's V 0.352

Sample Size = 34
WARNING: 50% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.

*-
gº

* A º º *.

R ºh
s

sº
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TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt N Y Total

C 11 O 11

19. 30 0.00 19. 30

100.00 0.00

21.57 0.00

E 40 6 46

70. 18 10.53 80. 70

86.96 13.04

78.43 100.00

Total 51 6 57

89.47 10. 53 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 1. 604 0.205
Likelihood Ratio Chi-Square 1 2.737 0.098

Continuity Adj. Chi-Square 1 0. 518 0.472
Mantel-Haenszel Chi-Square 1 1.575 0.209
Fisher's Exact Test (Left) 1.000

(Right) O. 258

(2-Tail) 0. 584
Phi Coefficient 0.168

Contingency Coefficient 0. 165
Cramer's V O. 168

Sample Size = 57
WARNING: 50% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.
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º { º .:E.2.
º ºs

-"=
T

58



The SAS System 15: 10 Thursday, July 30, 1998 5

TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt |N Y Total

C 11 O 11

20.37 0.00 20.37

100.00 0.00

26.83 0.00

F 30 13 43

55.56 24. O7 79.63

69. 77 30.23

73. 17 | 100.00

Total 41 13 54

75.93 24. O7 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 4.380 0.036
Likelihood Ratio Chi-Square 1 6.906 0.009
Continuity Adj. Chi-Square 1 2.882 0.090
Mantel-Haenszel Chi-Square 1 4.299 0.038
Fisher's Exact Test (Left) 1.000

(Right) 0.033
(2-Tail) 0.048

Phi Coefficient 0.285

Contingency Coefficient 0.274
Cramer's V 0.285

Sample Size = 54
WARNING: 25% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.
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TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent
ROW PCt

Col PCt N Y Total

C 11 O 11

35. 48 0.00 35. 48

100.00 0.00

37.93 0.00

G 18 2 20

58. O6 6.45 64. 52

90.00 10.00

62. 07 100.00

Total 29 2 31

93. 55 6.45 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 1. 176 0.278

Likelihood Ratio Chi-Square 1 1. 828 O. 176
Continuity Adj. Chi-Square 1 O. 103 0.749
Mantel-Haenszel Chi-Square 1 1. 138 0.286
Fisher's Exact Test (Left) 1.000

(Right) 0.409
(2-Tail) 0. 527

Phi Coefficient O. 195

Contingency Coefficient O. 191
Cramer's V O. 195

Sample Size = 31
WARNING: 50% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.
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The SAS System 15: 10 Thursday, July 30, 1998 7

TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt N Y Total

C 11 O 11

30.56 0.00 30.56

100.00 0.00

31. 43 0.00

H 24 1 25

66.67 2.78 69. 44

96.00 4.00

68.57 100.00

Total 35 1 36

97. 22 2.78 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 O. 453 0. 501
Likelihood Ratio Chi-Square 1 O. 742 O. 389

Continuity Adj. Chi-Square 1 0.000 1.000
Mantel-Haenszel Chi-Square 1 0.440 0. 507
Fisher's Exact Test (Left) 1.000

(Right) 0.694
(2-Tail) 1.000

Phi Coefficient O. 112

Contingency Coefficient O. 111
Cramer's V O. 112

Sample Size = 36
WARNING: 50% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.
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The SAS System 15: 10 Thursday, July 30, 1998 8
/ -7

-'
TABLE OF TOOTHNO BY PRESENT

-

1/4 ■ º
TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt N Y Total

D 16 7 23

23. 19 10. 14 33.33

69. 57 30.43

28.57 53.85

57.97 8. 70 66.67

86.96 13.04

71.43 46. 15

Total 56 13 69

81. 16 18. 84 100. OO

-/*
*~

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT ºntº
- A Rºy

Statistic DF Value Prob *-* *

Chi-Square 1 3.033 0.082 - sº
Likelihood Ratio Chi-Square 1 2. 888 0.089 -
Continuity Adj. Chi-Square 1 2.002 O. 157 ~ * |

Mantel-Haenszel Chi-Square 1 2.989 0.084 º
Fisher's Exact Test (Left) 0.081 T

(Right) 0.979 ºg in
(2-Tail) O. 107 º

Phi Coefficient - 0.210 5/?
Contingency Coefficient 0.205 *7 A
Cramer's V - 0.210 J -->

Sample Size = 69
WARNING: 25% of the cells have expected counts less

than 5. Chi-Square may not be a valid test. * *
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The SAS System 15:10 Thursday, July 30, 1998 9 ~7.*

TABLE OF TOOTHNO BY PRESENT ~"
-

A. Cº.

TOOTHNO PRESENT * R_*.

Frequency
Percent

ROW PCt

Col PCt N Y Total

D 16 7 23

24.24 10.61 34.85

69. 57 30.43

34.78 35.00

F 30 13 43

45.45 19. 70 65. 15

69. 77 30.23

65. 22 65.00

Total 46 20 66

69. 70 30. 30 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 0.000 0.986
Likelihood Ratio Chi-Square 1 0.000 0.986
Continuity Adj. Chi-Square 1 0.000 1.000
Mantel-Haenszel Chi-Square 1 0.000 0.987
Fisher's Exact Test (Left) 0. 600

(Right) 0.621
(2-Tail) 1.000

Phi Coefficient -0.002

Contingency Coefficient 0.002
Cramer's V -0.002

Sample Size = 66

S.
|º
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The SAS System 15: 10 Thursday, July 30, 1998 10

TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt N Y Total

D 16 7 23

37.21 16. 28 53. 49

69. 57 30.43

47.06 77.78

41 - 86 4. 65 46.51

90.00 10.00

52.94 22.22

Total 34 9 43

79. O7 20. 93 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 2.699 0. 100
Likelihood Ratio Chi-Square 1 2. 850 0.091

Continuity Adj. Chi-Square 1 1. 606 0.205
Mantel-Haenszel Chi-Square 1 2. 636 O. 104
Fisher's Exact Test (Left) O. 101

(Right) 0.981
(2-Tail) 0. 142

Phi Coefficient - 0.251

Contingency Coefficient 0.243
Cramer's V - 0.251

Sample Size = 43
WARNING: 50% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.
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The SAS System 15:10 Thursday, July 30, 1998 11

TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt
Col PCt N Y Total

D 16 7 23

33.33 14.58 47. 92

69. 57 30.43

40.00 87.50

H 24 1 25

50.00 2.08 52.08
96.00 4.00

60.00 12.50

Total 40 8 48

83.33 16.67 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 6.027 0.014
Likelihood Ratio Chi-Square 1 6. 590 0.010
Continuity Adj. Chi-Square 1 4. 274 0.039
Mantel-Haenszel Chi-Square 1 5. 902 O. O15

Fisher's Exact Test (Left) 0.018

(Right) 0.999
(2-Tail) 0.020

Phi Coefficient - 0.354

Contingency Coefficient 0.334
Cramer's V -0.354

Sample Size = 48
WARNING: 50% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.
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The SAS System 1215:10 Thursday, July 30, 1998

TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt N Y

E 40 6

44.94 6. 74

86.96 13.04

57. 14 31.58

F 30 13

33.71 14.61

69. 77 30.23

42.86 68. 42

Total 70 19

78.65 21. 35

Total

51.

48.

100.

46

69

43

31

89

OO

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 3.911 0.048

Likelihood Ratio Chi-Square 1 3.973 0.046
Continuity Adj. Chi-Square 1 2.954 0.086
Mantel-Haenszel Chi-Square 1 3. 867 0.049
Fisher's Exact Test (Left) 0.988

(Right) 0.042

(2-Tail) 0.069
Phi Coefficient 0.210

Contingency Coefficient 0.205
Cramer's V 0.210

Sample Size = 89
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The SAS system 15:10 Thursday, July 30, 1998 13

TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt N Y Total

E 40 6 46

60.61 9.09 69. 70

86.96 13.04

68.97 75.00

27.27 3.03 30.30

90.00 10.00

31.03 25. OO

Total 58 8 66

87.88 12. 12 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 O. 121 0.728
Likelihood Ratio Chi-Square 1 O. 125 0.724
Continuity Adj. Chi-Square 1 0.000 1.000
Mantel-Haenszel Chi-Square 1 O. 119 0.730

Fisher's Exact Test (Left) 0. 542

(Right) O. 768
(2-Tail) 1.000

Phi Coefficient - 0.043

Contingency Coefficient 0.043
Cramer's V -0.043

Sample Size = 66
WARNING: 25% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.
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The SAS System 15:10 Thursday, July 30, 1998 14

TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt N Y Total

E 40 6 46

56. 34 8.45 64.79

86.96 13. O4

62.50 85.71

H 24 1 25

33.80 1. 41 35. 21

96.00 4.00

37.50 14. 29

Total 64 7 71

90. 14 9.86 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 1. 491 0.222
Likelihood Ratio Chi-Square 1 1. 700 0.192

Continuity Adj. Chi-Square 1 0.647 0.421
Mantel-Haenszel Chi-Square 1 1. 470 0.225
Fisher's Exact Test (Left) 0.216

(Right) 0.960
(2-Tail) 0.409

Phi Coefficient -0. 145

Contingency Coefficient O. 143
Cramer's V -0. 145

Sample Size = 71
WARNING: 50% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.
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Ine SAS System 15: 10 Thursday, July 30, 1998 15

TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent
ROW PCt

Col PCt N Y Total

47. 62 20.63 68.25

69. 77 30.23

62.50 86.67

28.57 3.17 31. 75

90.00 10.00

37.50 13. 33

Total 48 15 63

76. 19 23.81 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 3. O80 0.079
Likelihood Ratio Chi-Square 1 3. 452 0.063
Continuity Adj. Chi-Square 1 2.066 O. 151
Mantel-Haenszel Chi-Square 1 3.032 0.082
Fisher's Exact Test (Left) 0.071

(Right) 0.986
(2-Tail) O. 114

Phi Coefficient - 0.221

Contingency Coefficient 0.216
Cramer's V - 0.221

Sample Size = 63
WARNING: 25% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.

Jº
*/ º

:-
2. f

º

*

-: *

2 :

ººº
*

■ f;} !-

ºº,ST~-
*

º
º

* * *
** * *

KA

69



The SAS System 15: 10 Thursday, July 30, 1998 16

TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt N Y Total

F 30 13 43

44. 12 19. 12 63. 24

69. 77 30.23

55.56 92.86

H 24 1 25

35. 29 1.47 36.76

96.00 4.00

44. 44 7. 14

Total 54 14 68

79. 41 20.59 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 6.654 0.010
Likelihood Ratio Chi-Square 1 8.049 0.005
Continuity Adj. Chi-Square 1 5. 146 0.023

Mantel-Haenszel Chi-Square 1 6.556 0.010
Fisher's Exact Test (Left) 8. 06E-03

(Right) 0.999
(2-Tail) 0.012

Phi Coefficient - 0.313

Contingency Coefficient 0.299
Cramer's V - 0.313

Sample Size = 68

*
Jº.
~
*

!/?..."

ARY

J sº
70 **



TABLE OF TOOTHNO BY PRESENT

TOOTHNO PRESENT

Frequency
Percent

ROW PCt

Col PCt N Y Total

G 18 2 20

40.00 4. 44 44. 44

90.00 10.00

42.86 66.67

H 24 1 25

53. 33 2.22 55.56

96.00 4.00

57. 14 33.33

Total 42 3 45

93.33 6.67 100.00

STATISTICS FOR TABLE OF TOOTHNO BY PRESENT

Statistic DF Value Prob

Chi-Square 1 O. 643 0.423
Likelihood Ratio Chi-Square 1 O. 643 0.423

Continuity Adj. Chi-Square 1 0.040 0.841
Mantel-Haenszel Chi-Square 1 O. 629 0.428
Fisher's Exact Test (Left) 0.415

(Right) 0.920
(2-Tail) O. 577

Phi Coefficient -0. 120

Contingency Coefficient O. 119
Cramer's V -0. 120

Sample Size = 45
WARNING: 50% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.
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MACROCAN

Midpoint

O

8

16

24

32

40

* ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr

* * * * * * * * * * * * * * * * * * * *

ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr

* ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr

+ ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr ºr

ºr ºr ºr ºr ºr

|

Frequency

Freq
Cum.

Freq

4

14

18

22

23

17.39

17.39

26.09

17.39

17.39

4. 35

Cum.

Percent Percent

17.

34.

60.

78.

95.

100.

39

78

87

26

65

00
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TABLE OF TOOTHTYP BY PRESENT

TOOTHTYP (Primary tooth type)
PRESENT

Frequency
Percent
ROW PCt
Col PCt N Y Total

CANINE 23 1 24
17. 42 0.76 18. 18
95.83 4. 17

21. 10 4. 35

LATERAL 26 7 33
19. 70 5.30 25. OO

78. 79 21.21
23.85 30. 43

CENTRAL 60 15 75
45.45 11.36 56.82
80.00 20.00
55.05 65. 22

Total 109 23 132
82.58 17. 42 100.00

STATISTICS FOR TABLE OF TOOTHTYP BY PRESENT

Sample Size =

Statistic DF Value Prob

Chi-Square 2 3. 607 0. 165
Likelihood Ratio Chi-Square 2 4. 633 0.099
Mantel-Haenszel Chi-Square 1 2.275 0. 132
Fisher's Exact Test (2-Tail) 0. 154
Phi Coefficient 0. 165

Contingency Coefficient O. 163
Cramer's V O. 165

132
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TABLE OF TOOTHR BY PRESENT

TOOTHR (Primary tooth type)
PRESENT

Frequency
Percent
ROW PCt

Col PCt N Y Total

CANINE 23 1 24

17. 42 0.76 18. 18

95.83 4. 17

21. 10 4.35

INCISOR 86 22 108

65. 15 16.67 81.82

79.63 20. 37

78.90 95.65

Total 109 23 132

82.58 17. 42 100.00

STATISTICS FOR TABLE OF TOOTHR BY PRESENT

Statistic DF Value Prob

Chi-Square 1 3.583 0.058
Likelihood Ratio Chi-Square 1 4. 613 0.032
Continuity Adj. Chi-Square 1 2.546 O. 111

Mantel-Haenszel Chi-Square 1 3.556 0.059
Fisher's Exact Test (Left) 0.994

(Right) 0.045
(2-Tail) 0.074

Phi Coefficient O. 165

Contingency Coefficient O. 163
Cramer's V O. 165

Sample Size = 132
WARNING: 25% of the cells have expected counts less

than 5. Chi-Square may not be a valid test.
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The SAS System 10:08 Monday, May 4, 1998 4.

Dependent Variable:

Source

Model

Error

Corrected Total

Source

TOOTHTYP

DF

26

28

R-Square

O. O.81812

DF

DF

LATERAL

Number of observations in data set = 29

MACROCAN

Source

TOOTHTYP

General Linear ...odels Procedure
Class Level Information

Class

TOOTHTYP

Levels Values

3 CANINE CENTRAL

The SAS System 10:08 Monday, 'lay 4, 1998

General Linear Models Procedure

Sum of Squares

341 . 725751 16

3835. 23976608

41 76.96551724

C. V.

67. 34508

Type I SS

341 . 725751 16

Type III SS

341.725751 16

The SAS System

Mean Square

17O. 86.287558

147.50922177

Root MSE

12. 1453374

Mean Square

170.86287558

Mean Square

170. 86.287558

F Value Pr > F

1. 16 0.3297

MACROCAN Mean

18.03448276

F Value Pr > F

1. 16 0.3297

F Value Pr > F

1. 16 0.3297

10:08 Monday, May 4, 1998

General Linear Models Procedure

Level of

TOOTHTYP

CAN INE
CENTRAL

LATERAL

2. OOOOOOO
19.7368421
16. 2222222

12. 2603340

11.8825269

5

6
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De SAS S, st em

Dependent Variable: MACROCAN

Source DF

Model 1

Error 27

Corrected Total 28

R-Square

O. O63751

Source DF

TOOTHR 1

Source DF

TOOTHR 1

Level of

TOOTHR N

CANINE 1

INCISOR 28

General Linear lodels Procedure
Class Level Information

Clas S

TOOTHR

Levels Values

2 CANINE INCISOR

Number of observations in data set

The SAS System

= 29

10:08 Monday, May 4, 1998

General Llnear Models Procedure

Sum of Squares

266.2869.4581

391 O. 67.857:143

4.176.96551724

66. 73298

Type I SS

266.2869.4581

Type III SS

266. 2869.4581

The SAS Syst em

Mean Square

266.28694,581

144. 839.94709

Root MSE

12. O349469

Mean Square

266. 28694,581

Mean Square

266.28694,581

F Value

F Value

F Value

Pr > F

1.84 O. 1864

MACROCAN Mean

18. O3448.276

Pr > F

1.84 O. 1864

Pr > F

1.84 O. 1864

8

10:08 Monday, May 4, 1998 9

w/! º \
º *

General Linear Models Procedure

2. 0000000

18. 607 1429 12. O349469

º| s
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The SAS System * O. C3 ''oncay, 'ay 4, 1998 .

General Llnear 'Models Pro Cedure
Class Level Information

Class Levels Values

TOOTHTYP 3 CANINE CENTRAL LATERAL

Number of observations in data set = 1.68

The SAS System 10:08 Monday, May 4, 1998 11

General Linear Models Procedure

Dependent Variable: MACROCAN

Source

Model

Error

Corrected Total

Source

TOOTHTYP

Source

TOOTHTYP

DF Sum of Squares Mean Square F Value Pr > F

2 447. 73941 160 223. 8697.0580 3. 20 0.0432

1.65 1 1533. 11 177888 69.8976.47 14

167 1 1980. 851 19048

R-Square C. V. Root MSE MACROCAN Mean

O. O373.71 268.5585 8. 3604812 3. 1 1309524

DF Type I SS Mean Square F Value Pr > F

2 447. 73941 160 223. 8697.0580 3. 20 0.0432

DF Type III SS Mean Square F Value Pr > F

2 447.73941 160 223. 8697.0580 3. 20 0.0432

The SAS System 10:08 Monday, May 4, 1998 12

General Linear Models Procedure

Level of - - - - - - - - - - - MACROCAN - - - - - - - - - -

TOOTHTYP N Mean SD

CANINE 36 O. O5555556 0.33333333

CENTRAL 89 4. 21348315 9.843631 89

LATERAL 43 3. 395.34884 8.45475221
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Dependent Variable:

Source

Model

Error

Corrected Total

Source

TOOTHR

Source

TOOTHR

General Linear 'Models Procedure
Class Level Information

Class LevelS Values

TOOTHR 2

Number of observations in data Set =

CANINE INCISOR

168

The SAS System 10:08 Monday, May 4, 1998 14

General Llnear Models Procedure

MACROCAN

DF Sum of Squares Mean Square F Value Pr > F

1 428.3335.1371 428.3335.1371 6. 15 O. O.141

166 11552.51767677 69.59347998

167 1 1980. 851 19048

R-Square C. V. Root MSE MACROCAN Mean

O. O.35752 267. 9735 8. 3422706 3. 11309524

DF Type I SS Mean Square F Value Pr > F

1 428.3335.1371 428.3335.1371 6. 15 O. O.141

DF Type III SS Mean Square F Value Pr > F

1 428.3335.1371 428.3335.1371 6. 15 0. 0141

The SAS System 10:08 Monday, May 4, 1998 15

General Linear Models Procedure

Level of - - - - - - - - - - - MACROCAN - - - - - - - - - -

TOOTHR N Mean SD

CANINE 36 O. O5555556 O. 33333333

INCISOR 132 3.94.696970 9.38922104
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+ Odds ratio = 1. 11 (0.46 & OR & 2. 69)
| 95 Cornfield 95% confidence limits for OR

+ Relative risk = 1.09 (0.56 & RR & 2. 13)
| 73 Taylor Series 95% confidence limits for RR

+ Ignore relative risk if case control study.
168

Chi-Squares P-values

Uncorrected : O ... O 6 0.8 04 4.458
Mantel - Haenszel : 0.06 O - 8 O 50169
Yates corrected: O ... O O 0. 966 75.79

F2 More Strata; & Enter» No More Strata; F10 Quit

Analysis of Single Table
+ Odds ratio = 0.86 (0.28 & OR& 2. 73)
| 54 Cornfield 95% confidence limits for OR

+ Relative risk = 0.89 (0.40 < RR & 1.99)
| 35 Taylor Series 95% confidence limits for RR

+ Ignore relative risk if case control study.
89

Chi-Squares P-values

Uncorrected : O ... O 8 O. T. 7973 55
Mantel - Haenszel : O ... O 8 O . T 8 O 94.47
Yates corrected : O ... O O O . 988 13:13

F2 More Strata; & Enter- No More Strata; F10 Quit

Analysis of Single Table
+ Odds ratio = 1.58 (0.29 &OR & 8. 80 *)
| 20 Cornfield 95% confidence limits for OR

+ * Cornfield not accurate. Exact limits preferred.
| 23 Relative risk = 1.44 (0.45 & RR- 4.63)

+ Taylor Series 95% confidence limits for RR
4 3 Ignore relative risk if case control study.

Chi – Squares P-values

Uncorrected : O . 37 O. 540 713 T
Mantel - Haenszel : O . 37 O .. 54 54 588
Yates corrected : O ... O 6 O . 8 13:46.79

Fisher exact : 1 – tailed P-value: O .405392.4
2-tailed P-value: 0.7109008

An expected cell value is less than 5.
Fisher exact results recommended.

F2 More Strata; & Enter- No More Strata; F10 Quit
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15

36

27

19

46

12

11

23

Analysis of Single Tacle
Odds ratio = Undefined

Cornfield 95% confidence limits for CR
* Cornfield not accurate. Exact limits preferred.

Ignore relative risk if case control study.

Chi-Squares P-values

Uncorrected O. 73 O. 39 13 659
Mantel - Haenszel : 0. 71 O . 39.8 O 24 7
Yates corrected : 0.03 0.863 88 6.8

Fisher exact : 1 – tailed P-value: 0.58.33333
2 - tailed P-value: 1. 0000 OOC

An expected cell value is less than 5.
Fisher exact results recommended.

F2 More Strata; & Enter- No More Strata; F1 O Quit

Analysis of Single Table
Odds ratio = 4.09 (0.39 & OR & 101.34 *)
Cornfield 95% confidence limits for OR

* Cornfield not accurate. Exact limits preferred.
Relative risk = 3.52 (0.45 & RR & 27.75)

Taylor Series 95% confidence limits for RR
Ignore relative risk if case control study.

Chi – Squares P-values

Uncorrected 1 .. 73 0.188 7 157
Mantel - Haenszel : 1. 69 O . 1935 933
Yates corrected: O . T 6 0.3844 013

Fisher exact : 1 – tailed P-value: 0 . 1953.577
2-tailed P-value : 0.377.016.4

An expected cell value is less than 5.
Fisher exact results recommended.

F2 More Strata; & Enter- No More Strata; F1 O Quit

Analysis of Single Table
Odds ratio = 1.33 (0.16 -OR- 11.36 × )

Cornfield 95% confidence limits for OR
*Cornfield not accurate. Exact limits preferred.

Relative risk = 1.22 (0.35 &RR2 4.2.8)
Taylor Series 95% confidence limits for RR
Ignore relative risk if case control study.

Chi-Squares P-values

Uncorrected 0.10 0. 7523498
Mantel - Haenszel : 0.10 0.757.6207
Yates corrected : 0.02 0.89 O 2010

Fisher exact : 1-tailed P-value: O. 5555.256
2-tailed P-value: 1.0000000

An expected cell value is less than 5.
Fisher exact results recommended.

F2 More Strata; & Enter- No More strata; F10 Quit
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Table
Cdds ratio = 1 . 57 (0. 0 + & CR- 7 . . . 3

8 Cornfield 95% confidence limits for CR
* Cornfield not accurate. Exact limits preferred.

12 Relative risk = 1.50 (0. 11 < RR. 20.68)
Taylor Series 95% confidence limits for RR

20 Ignore relative risk if case control study.

r

Chi – Squares P-values

Uncorrected : O . O 9 O . Tº 6 O 9 O 67
Mantel - Haenszel : O ... O 9 O. 766 783 O
Yates corrected : 0.21 0. 648.0769

Fisher exact : 1 – tailed P-value: 0.6526,316
2-tailed P-value: 1. 0000000

An expected cell value is less than 5.
Fisher exact results recommended.

F2 More Strata; & Enters No More Strata; F10 Quit

Analysis of Single Table
Odds ratio = 0.37 (0.08 & OR & 1.69)

27 Cornfield 95% confidence limits for OR
Relative risk = 0.51 (0.21 < RR: 1. 25)

16 Taylor Series 95% confidence limits for RR
Ignore relative risk if case control study.

43

Chi-Squares P-values

Uncorrected : 2. 21 0.1373477
Mantel - Haenszel : 2. 16 0. 14 2005.7
Yates corrected: 1. 30 0.2533 44 7

Fisher exact : 1 – tailed P-value: O. 1271604
2-tailed P-value : 0.1780874

An expected cell value is less than 5.
Fisher exact results recommended.

F2 More Strata; & Enters No More Strata; Flo Quit

Analysis of Single Table
Odds ratio = Undefined

16 Cornfield 95% confidence limits for OR
* Cornfield not accurate. Exact limits preferred.

9 Ignore relative risk if case control study.

25 Chi – Squares P-values

Uncorrected : 0. 59 O .44 39944
Mantel-Haenszel : O . 56 O .45 32547
Yates corrected: O ... O 9 O . T 65.94 66

Fisher exact : 1 – tailed P-value: 0.640 0000
2-tailed P-value: 1. 0000000

An expected cell value is less than 5.
Fisher exact results recommended.
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