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INTRODUCTION

The Alaska Department of Fish and Game (ADFG) has collected age data from virtually all
brown/grizzly bears (Ursus arctos) harvested in the state since 1969. These data, in conjunction
with information on sex and skull size, have been used to evaluate harvest levels and population
trends.

ADFG biologists Lee Miller and Lee Glenn modified cementum aging techniques and applied
them for use on brown bears in Alaska. Researchers in other areas have also modified cementum
aging techniques for various mammalian species and at least one private laboratory (Matson'’s
Laboratory, Milltown, Montana) provides cementum aging for clients around the world.

Brown/grizzly bear age data derived from cementum aging have been questioned since the
inception of the technique. In 1988, ADFG set out to evaluate the accuracy and precision of their
aging techniques by comparing the results of various individual tooth agers using different
methods. A test sample was assembled that included 75 tooth sections prepared from known age
brown bear PM1 teeth, and 25 from assigned age teeth. ADFG biologist Larry Van Dacle
designed the evaluation and served as coordinator. Three Department personnel participated in the
evaluation: Enid Goodwin, Harry Reynolds, and Larry Aumiller. The fourth participant was Gary
Matson, owner of Matson’s Laboratory. Participants’ experience with cementum aging varied from
1 to 20+ years.

Each participant aged each tooth section 3 times, then cementum ages were compared with known
ages. All participants had errors in some cementum ages, but precision was considercd to be
satisfactory (Appendix C). Similar conclusions were reached by McLaughlin, et al. (1990) in their
evaluation of Maine black bear cementum aging. In the ADFG cvaluation, however, there was a
significant difference in the accuracy of individual agers. This suggested that agers were using
different cementum aging models.

A goal of the Department’s evaluation project was to develop an instructional laboratory manual
that would facilitate repeatability of both laboratory and cementum aging mecthods. Laboratories
had passed along expertise by word of mouth from one technician to the next, but oral
explanations can be both incomplete and misunderstood.

The literature contains descriptions of some tooth section characteristics of bears (Mundy and
Fuller 1964, Marks and Erickson 1966, Stoneberg and Jonkel 1966, Sauer et al. 1966, Craighead
et al. 1970, Rausch 1969, Willey 1974, Pearson 1975). However, no author gives standardized
criteria for tooth section interpretation that would allow technicians 10 consistently interpret the
same histological characteristics in the same way. This laboratory manual does that for the first
time. The complete description/illustration of aging method can be called the Cementum Aging
Model for brown bears. It provides for consistent determination of cementum agces by:

1. Describing characteristics of the first premolar (PM1) tooth section in detail, including
the most likely error sources.

2. Standardizing the criteria for PM1 cementum aging.
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3. Using photographs of known age tooth sections as training tools.

4. Describing the steps in tooth processing and section preparation that require
standardization.

The aging methods described in this manual are applicable to black (Ursus americanus), grizzly
and brown bears. The manual is designed to be used as a guideline only, and nct as a complete,
final reference. Variations in tooth section characteristics, even for the same species and tooth
type, make necessary continued observation, testing, and refinement of the cementum aging model.

Discussions of tooth selection (for cementum aging) and extraction are in Appendix A. A general
overview of laboratory techniques (chemical processing, sectioning, staining) are in Appendix B.

DEFINITIONS/TERMINOLOGY

Annulus = The annual dark cementum layer(s). The annulus may be simple, with a single
component, or it may be complex, with more than one component. Annuli are also referred to in
the literature as layers, rings, and bands. Minor components of the annulus have becn called "false
annuli”". Major and minor components are defined by the criteria given on page 9.

Accuracy = Correctness.
Precision = Repeatability; consistency.

Dark cementum = The acellular cementum that is darkly stained in histological sections vicwed
with transmitted light. It appears to be primarily produced during winter in the northern
hemisphere. Dark cementum is produced during other seasons, resulting in complex annual layers
of light and dark cementum.

Note: There is no scientific evidence linking cyclic light and dark cementum production with any
causative factor.

Light cementum = The abundant, cellular cementum that is lightly stained in histological sections
viewed with transmitted light. It appears to be produced primarily during spring and summer in
the northem hemisphere.

HISTOLOGY OF TOOTH SECTIONS

Tooth histology and the interpretation of structures used in cementum age determination have been
reviewed in detail by Klevezal and Kleinenberg (1969) and by Johnston, et al. (1987).
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The typical first premolar mid-sagittal section

Eruption of permanent premolar teeth occurs before northem interior grizzly bears den at the
age of 8 months (Pearson, 1975). It is assumed that the Alaska brown bear premolars erupt
at a similar age. During eruption and the first summer and fall of life, light cementum is
deposited at the outer surface of the tooth root. By the end of the first fall season, the first
premolar (PM1) has only a thin layer of light cementum (no annulus is present). The first
annulus is formed during the first winter. By spring, PM1 of the yearling brown bear has the
light cementum of the previous summer/fall and a single annulus of the winter just past.

Identification of the first annulus is made possible by correct identification of the
dentine-cementum junction (Fig. 1, Plate I). The junction is a border between the striated
dentinc and the "spongy" cementum. It may appear to be a thin, dark layer or a lightly
stained, amorphous zone (without histological organization as a specific structure).

Both dentine and cementum are formed throughout life. Dentine production by cells lining
the pulp cavity gradually decreases the size of the cavity. Cementum production by cells on
the outer surface of the root gradually increases the diameter of the root.

The periodontal membrane is an important indicator that all cementum is present at the point
where it is observed. Cementum is sometimes removed by improper tooth extraction and lab
processing.

A thin annual layer of light cementum has been correlated with successful cub rearing in
some female black bears (Carrel 1992, Coy and Garshelis 1992). It is not known if the same
thin layers can be reliably identified in the cementum of female brown bears, but the
possibility suggests that gender should be included as essential data considered at the time
of tooth section aging. The ager should examine all parts of the section for the characteristic
thin layers, and record observations for further evaluation.
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CROWN
PULP CAVITY —
DENTINE
DENTINE/CEMENTUM JUNCTION
CEMENTUM
\
ROOT

Fig. 1. Diagram of the typical mid-sagittal PM1 tooth section. Numbered rectangles represent
areas that appear in the photographs of Plate 1. The wom surface on the crown is
posterior.

PLATE 1. SLIDE 67.

Female. Tooth collected September, 1985. Known age 8.8 years. 40X. The photographs were
taken in areas of the tooth section that correspond with the numbered rectangles of Fig. 1.

D = dentine, LC = light-staining cementum, D/C = dentine-cementum junction, A = dark-staining
cementum annulus, P = pulp cavity, PM = periodontal membrane, R = area of resorption.
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STANDARDIZED METHOD FOR THE CEMENTUM AGING
OF LONGITUDINAL SECTIONS OF UPPER AND LOWER
PREMOLARS NUMBER 1 AND NUMBER 3

1. Refer to the tooth collection date. The last-formed annulus from spring-collected teeth will
be so close to the outer surface of the root that it may not be clearly seen without the most
careful observation.

2. Scan the entire section at low magnification for the points where the annuli arc most distinct.

3.  Count the annuli of at least 2 points of the same scction, and of at least 2 sections.

a. Examine the dentine-cementum junction with special attention to the possible variations
in the 1-year growth layer, often closcly associated with the junction. Study the junction
closely at all points in the section.

b. The count will often have to be made while moving the scction, because the early
(proximal) and late (distal) annuli are often clearly visible at diftferent points of the
section. In other words, a single point in the section may not clearly show cementum

layers of both early and later years.

4. Resolve differences in the count by re-examination, with special atiention 1o the criteria for
the 1-year layer and for complex layer groups (sec pages 20-23; Plates 1V, V).

5. Finally, study all points of the section for evidence that does not support the determined age.
If such evidence is found, begin again with the age determination of the section.

6. Assign a reliability index to the determined age (sec page 10 and page 24; Plate VI).

SOURCES OF ERROR IN CEMENTUM AGE DETERMINATION:
THE FIRST-FORMED ANNULUS, TEETH OF YOUNG BEARS,
COMPLEX ANNULI, SPRING SEASON OF TOOTH COLLECTION,
RESORPTION, INDISTINCT ANNULI

The five primary error sources in cementum age determination of brown bear PM1 tooth scctions
are:

1. Last-formed annulus misinterpretation in spring-collected teeth.
2. Variable distance of the 1-year annulus from the dentine-ccmentum junction.
3. Complex annuli.

4. Portions of the tooth abnormal or missing.
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5. Indistinct annuli.
Cementum aging error can be minimized by describing the error sources in detail, and establishing
specific criteria that enable the ager (o identify them during the age determination process. Criteria

for identifying the five error sources follow.

Error source 1. Last-formed annulus misinierpretation in spring-collected teeth. (Plates 11, I1I)

This potential error source is very important, and is shown in detail in Figs. 2-13. Known age
tooth sections collected in the late spring (May, June) clearly show the last-formed dark
annulus just visible near the extreme outer surface of the root. Teeth collected during the fall
season have a thicker layer of peripheral light cementum that makes the last-formed annulus
more identifiable.

There arc tlwo important reasons why the last-formed annulus of spring-collected teeth may
bec missed:

1. Light ccmentum deposition begins later and/or occurs more slowly in some
individual bears. As a result, no identifiable layer may be present at the tooth
scction periphery. The absence of peripheral light cementum may prevent clear
visualization of the last-formed annulus, even when the time of collection would
clearly indicate that it should be present.

2. Peripheral cementum, including the last-formed annulus, is removed by tooth
extraction or cleaning procedures. Three agents of cementum removal that should
be avoided are:

a. Prolonged boiling in water to soften tooth attachments for extraction.
b. Chemical agents, such as bleach, that are used for cleaning.

c.  Scraping of the tooth surface with any hard, sharp object; prying against the
tooth root with an extracting tool.

The PERIODONTAL MEMBRANE is an important structure for confirming that all
cementum is present on a tooth section. When the membrane is present, the exireme
periphery of the tooth section can be seen with clear microscopic detail. BECAUSE OF THE
CLOSENESS OF THE LAST-FORMED ANNULUS TO THE PERIPHERY OF THE
TOOTH SECTION, THE INTACT PERIODONTAL MEMBRANE IS IMPORTANT FOR
ACCURATE AGING OF THE SPRING-COLLECTED TOOTH. All of the three agents that
causc damage to the periphery of the tooth should be avoided to maximize cementum aging
accuracy, particularly of spring-collected teeth.
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Error source 2. Variable distance of the 1-year annulus from the dentine-cementum junction. (Plate

V)

The first light cementum layer, just distal to the dentine-cementum junction, varies in
thickness in the tecth of different bears. Consequently, the distance from the junction to the
first annulus varies. If the criteria for identification of the 1-year annulus do not account for
the three common variations, error may occur. For example, if the criterion for the first
annulus is "the annulus that extends completely around the root tip" then under-aging error
will occur by not counting the two other types of first annulus, described below.

The 1-year dark cementum growth layer may be in one of three locations.

1.

Close to the dentine-cementum junction with no distinct separation from the
junction (Fig. 17).

Separated from the junction but only at some points of the scction; not continuous
around the root tip (Fig. 16).

Broadly separated from the junction; continuous around the root tip (Figs. 14, 15).

The first annulus is clearly identifiable in 2. and 3. However, 1. requires that
additional study be focused on the dentinc cementum junction to identify the
annulus.

a).

b).

When the 1-year annulus and the junction are in closc proximity, the
combination of the two may give an appearance of a greatly thickened dark
layer that is characteristically more prominent than is the junction alone
(Fig. 17). If visual evidence confirms such thickened points, then identify the
1 year annulus as being in optical combination with the junction.

If there are no thickened points, consider the location of the first visible
annulus that is clearly separated from the junction. Usc judgement and
experience to determine whether the annulus indicates the age of 1 yecar or 2
years.

The annulus most probably indicates 1 year when it is not continuous around
the root tip, or is located close to the dentine at the root tip.

The annulus most probably indicates 2 years when it is broadly spaced from
the dentine at the root tip and continuous from one side to the other.
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Caution: Plane of section can influence position of 1-year annulus.

The cementum annulus occurs in the tooth root as a cylinder with a domed cap at the root
tip. This structure is built up in concentric layers as the tooth ages. Whenever the tooth
section is taken far off the midline, different portions of each annulus are intersected at
different angles, distorting the relationship to the dentine-cementum junction. For example,
a l-year annulus that is located close to the dentine and is not present at the extreme root tip
may appear to be broadly spaced from the dentine and continuous around the tip when the
section is taken far off midline. During the age determination process, the tooth section must
be examined to confirm that it is near the midline before judgements are applied to the
relative location of annuli and other tooth structures.

Error source 3. Complex annuli (Plates IV, V)

Complex annuli have one or more broad, darkly stained major components and one, or
several, less prominent minor components. The minor components have been called "false
annuli”.

Incorrect identification of minor components of complex annuli (Figs. 13, 24) is an important
potential error source. If minor components are incorrectly identified as annuli, then large
over-aging errors can occur. On the other hand, large under-aging errors can result when
major and minor components are incorrectly grouped together (Figs. 18-21). Identify minor
components by two criteria:

1. They are either absent or weakly stained in parts of the section where major annual
components remain prominent.

2. They are annually repeated, at any given point of the tooth section, with similar
breadth, staining intensity, and separation from other components.

During the process of cementum analysis, it is helpful for the ager to recognize that light
cementum layer thickness decreases with age. Each annual increment of light cementum is
thinner than the year before, so that the separation between annuli gradually decreases. The
first five or six light layers are the thickest. Thereafter, they may become so thin that annuli
are not clearly separated from each other.

To accurately age the tooth section with complex annuli, it must be carefully examined at all
points. Annulus recounts must continue with consistent application of the two criteria given
above for minor annulus components. Repeatability of the annulus count indicates that the
best estimate has been obtained. Counts by more than one ager with reconciliation of
differences between agers improve aging precision.

Tooth sections of young bears with complex annuli are a special problem because the
annulus is not present enough times to permit identification of the annually repeated pattern
(Figs. 24, 25).
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For the inexperienced ager, it is good practice to identify tooth scctions of middle-aged bears
(e.g. 4-8 years old) and to use these sections as "'models" for both light cementum layer
thickness and annulus characteristics. For example, a study of middle age tooth sections may
clearly show that a light layer containing "false” annuli is far too thin to be as old as the false
annuli would indicate.

Error source 4. Portions of the tooth abnormal or missing. (Plate V)

A frequent cause of abnormal cementum is resorption. It is a physiological process by which
cementum is removed from the tooth. It also occurs in bone, and is thought to be a responsc
1o a transient high calcium demand (Myrick, 1988). Calcified tissue lost 10 resorption may
be replaced later in life. Areas of resorption and replacement in the tooth section are easily
identifted microscopically (Figs. 22, 23).

Breakage often occurs during the somewhat difficult tooth extraction process, and can be
minimized by following the suggestions in Appendix A. It is of value 1o have the entire tooth
root for cementum aging, because the points that have the clearest arrangement of annuli vary
among individuals and usually include the root tip itself. However, broken bear PM1 with
missing root tips may provide good age analyses because the tooth typically has an arca ncar
the gumline where cementum is thickened and contains a distinct annulus arrangement (Figs.
1 (Page 5), 49).

Error source 5. Indistinct annuli (Plate VI)

Both biological and technical variation may cause indistinct annulus staining (Fig. 29).
Annuli that are indistinctly stained may be missed during aging.

ASSIGNMENT OF THE RELIABILITY INDEX
TO CEMENTUM AGES (PLATE VI)

The tooth section ager acknowledges varying degrees of confidence among results by assigning
each a reliability index. The index is a subjective judgement of accuracy.

Consequences of error are greater for younger ages, so the precision requirement for the highesi
reliability rating is similarly greater.

Any time the ager dctermines that a result may not be exact, the range of possible results should
be given. For example, each of the results 9A (9-10), 7B (6-7), and 5C (3-5) is accompanicd by
a specified range of possible ages. The user of the age data can determine which ends of the
ranges will most correctly apply for each use.

The age reported as the primary resuit should be the one supported by the strongest evidence, and
not the one that is in the middle of the possible range. For example, the result 17A (16-19) means
the ager obscrved stronger evidence for the age of 17 years, than for 16 or 19 years.
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RELIABILITY INDEX
Determined Age A B C
1-8 years +/- 0 years +/- 1 +/-2
9-15 +-1 +/-2 +/-3
16+ +/- 2 +/-3 +/- 4+

Criteria for assignment of the index in bear tooth sections:

"A" - Nearly certain to be correct, within the stated limits, because the annuli are clearly
defined and potential error sources are absent. Additionally:

1.

The presence of periodontal membrane confirms that all the cementum is present
in the section.

In spring-collected teeth, the last-formed annulus is clearly visible at the section
periphery.

"B" - Less certain to be correct. One or more error sources are present:

1.

6.

The 1-year annulus is not clearly defined within the limits of the criteria stated
above.

The tooth section is from a young bear and it cannot be determined with certainty
whether annuli are complex (multiple components) or simple (single component)

because too few are present to permit identification of the repeated annual pattern.

Complex annuli of the older bear tooth cannot be clearly separated into major and
minor components.

The spring-collected tooth lacks a clearly identifiable last-formed annulus near the
extreme periphery of the section because:

a. The periodontal membrane is absent.
b. The membrane is present, but no clearly visible peripheral annulus is present,

Major portions of the tooth root or its cementum are missing, because of breakage
or resorption, and there is no portion available for study that clearly shows annuli.

The annuli are not clearly visible because they are indistinctly stained.

"C" - Result is uncertain. Error sources are as given for "B" reliability.
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A CASE STUDY OF CEMENTUM AGING
ERROR: SKULSEAL 9103484
(PLATE VI, FIG. 27)

A tooth from a presumed yearling brown bear (date of kill 7 May) was sent to Matson’s
Laboratory for cementum aging. Matson determined the age as 2 years, with a reliability of "A".
Subsequently, it was determined that the skull and canine tooth characteristics were of such high
reliability that the animal could be regarded as a known age yearling. Matson’s cementum age of
2 years was determined on the basis of the large amount of light cementum present at the
periphery of the tooth (Plate VI, Fig. 27). The light cementum layer was so thick that it was
mistakenly judged to be the annual thickness. In fact, the thick light layer had to have been
produced during the short period in spring before the 7 May date on which the bear was killed.
Variations in light cementum layer thickness have been observed among teeth from different
individuals of the same age, extracted at the same time. Layer thickness variation also occurs {rom
ong¢ point to another on the same tooth, and may also occur when the sectioning plane is
off-midline because of technical variation or tooth curvature.

The study of the known age tooth sections in the Alaska Department of Fish and Game’s reference
collection showed that the thick layer of peripheral light cementum in Skulseal 9103484 was
unusual for a tooth collected in early May. A second factor contributing to the error was the
absence of periodontal membrane, which prevented the certain identification of the extreme section
periphery. However, a tooth section with similar characteristics could certainly be expected to
occur again. Therefore, the criterion for assignment of the "A" reliability index was changed. The
changed criterion requires that the last-formed peripheral dark annulus be clearly visible in
spring-collected PM1 sections before reliability "A" is assigned. Otherwise, the reliability "R is
given (see above).

This case study illustrates how the cementum aging model must be refined as experience dictates.
Note that Skulseal 9103484 might be aged in the same way again, but not with an "A" reliability
if criteria are correctly applied.

BIRTH DATE AND AGE REPORTING STANDARDIZATION

The Alaska Department of Fish and Game assumes a birth date of 1 February for the brown bear.
Cementum ages are reported with a fractional year added to account for the age that occurred
between the annual "birthday" and the date of kill (or tooth extraction from the live bear). The
advantage of adding a fraction of age to that of the last full year is immediate association between
the age and the season of tooth extraction (for example, immediate indication of whether the bear
was from spring or fall harvest).

TOOTH TYPE STANDARDIZATION (PLATE VII)

Annuli have been described in a variety of tooth types of brown, black and grizzly bears (Mundy
and Fuller 1964, Marks and Erickson 1966, Stoneberg and Jonkel 1966, Rausch 1969, Sauer et
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al. 1966, Craighead ct al. 1970, Willey 1974). Pearson (1975) noted that the location of the first
annulus with respect to the dentine-cementum junction was variable not only among individuals
but also among different tooth types from the same individual.

The upper first premolar tooth has been selected for the standardized tooth for four reasons: 1)
Its small sizc makes it convenient for processing; 2) It can be extracted from live bears; 3) Its
physical shapc permits better tooth sections: It is less curved and less pointed at its tip than the
lower first premolar (Kerr 1992); 4) It erupts early in life, and an annulus will be present
representing the first winter. It is desirable to use only this single tooth type for cementum aging
in order to minimize the variation in annuli characteristics. See Appendix A for a diagram that
identifies the premolar tecth in the bear.

The authors studied differences among tooth types of the same individual for a small number of
brown bcars. An identifiable first (1-year) annulus was observed in each of the tooth types
cxamined (Platc VII). This evidence indicates that different tooth types may be substituted for the
standard PM1.

If UPMI is not available, use substitute teeth in this order of preference: LPM1, UPM3, UPM4,
LPM4.

USING THE MANUAL FOR SELF TESTING
(PLATES VIII, IX, X, XI)

The plates have two typical regions from cach of twelve tooth sections. Plates VIII and IX are
illustrative of six different age classes. Plates X and X1 are examples that may be somewhat more
difficult to age.

Cover the written information on the left-hand page, opposite the photographs. After studying
them, check the cementum ages you determined.
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INTRODUCTION TO THE FIGURE PLATES

The photographs in all but Fig. 27, and the entire Plate VII were made from known age tooth
sections in the Alaska Department of Fish and Game reference collection. These sections were
stained with Hematoxylin. The photographs of Plate VII, and Plate VI, Fig. 27 were made from
tooth sections processed at Matson’s Laboratory and stained with Giemsa. The tooth collection
date is given on ¢ach photograph.

The format for photograph captions is as follows:

FIG. 1. SLIDE 32. M. 10/77. KAT 4.8. 60X. 2MM ABOVE ROOT TIP, POSTERIOR.

Explanation of caption format:

Slide number = The slide number in the Alaska Department of Fish and Game reference
collection. This is the collection that was used for the Department’s cementum aging
evaluation project.

M = male, F = female.

10/77 = Date of kill, or of tooth collection from the live animal.

KAT 4.8 = Known age tooth 4.8 years.

Anterior/Posterior = Anterior or posterior portions of the tooth section. These regions of the
tooth section can be determined by the fact that the gumline on the anterior tooth surface is

much closer to the crown Lip than it is on the posterior surface. If not designated in the figurc
caption, then this orientation could not be determined.
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FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

S

PLATE II. SEASON OF ANNULUS FORMATION
TEETH EXTRACTED IN SPRING SEASON

SLIDE 15. M. 4/86. KAT 4.3. 140X. 1IMM ABOVE TIP. POSTERIOR. Light
cementum production had not yet resumcd when the tooth was taken, and no dark
annulus is visible at the extreme periphery of the section. The darkly stained zone at the
section periphery is periodontal membrane. Three annuli are clearly visible, with the first
being distinctly separated from the dentine/cementum junction by a light cementum
layer.

SLIDE 15. 140X. 7MM ABOVE TIP, 2MM BELOW GUMLINE, SAME SIDE. No
peripheral annulus is visible, although a zone of darkly staining cementum is present.
Three annuli are clearly visible. The prcsence of periodontal membrane enhances the
histological detail at the periphery of the cementum.

SLIDE 6. M. 5/85. KAT 4.4. 140X. 3MM ABOVE TIP, POSTERIOR. The first annulus
is close to the dentine/cementum junction, and somewhat indistinct. There arc three
identifiable annuli; none is visible at the section periphery.

SLIDE 6. 140X. 7TMM ABOVE TIP, 2MM BELOW CROWN. The first annulus is not
distinctly separated from the dentine/cementum junction. The darkly stained cementum
at the section periphery may represent a completely formed annulus, but light cementum
production that would make the annulus visiblc had not yet begun when the tooth was
taken.

SLIDE 51. F. 6/85. KAT 4.5. 140X. 5SMM ABOVE TIP. A thin layer of light cementum
is present at the section periphery, and the last-formed annulus is visible.

SLIDE 51. 140X. 7MM ABOVE TIP, 2MM BELOW CROWN.
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FIG

FIG.

FIG.

FIG.

FIG.

FIG.

PLATE III. SEASON OF ANNULUS FORMATION (CONTINUED)

. 8.

10.

11.

12.

13.

TEETH EXTRACTED IN FALL SEASON
SLIDE 64. F. 9/83. KAT 4.8. 140X. 3MM ABOVE ROOT TIP, POSTERIOR.

Teeth collected during the fall season have abundant light cementum at the tooth root
periphery.

Apparent annuli at the periphery of fall-collected teeth are minor components (AC) of
complex annuli, and are: 1) Narrower than major components and less darkly stained;
2) Not present at most parts of the tooth section; 3) Analogous (0 minor components of
the annually repeated complex annuli of previous years.

SLIDE 64. 140X. 6MM ABOVE ROOT TIP, 2MM BELOW GUMLINE, SAME SIDE.
SLIDE 32. M. 10/77. KAT 4.8. 140X. SMM ABOVE ROOT TIP.

SLIDE 32. 140X. OPPOSITE SIDE, 6MM ABOVE TIP.

SLIDE 3. M. 11/86. KAT 2.9. 140X. IMM ABOVE ROOT TIP, POSTERIOR.

SLIDE 3. 140X. 6MM ABOVE ROOT TIP, 2MM BELOW GUMLINE. SAME SIDE.
AC = Minor annulus component.
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PLATE IV. CEMENTUM AGING ERROR SOURCES:

POSITION OF 1-YEAR ANNULUS
COMPLEX ANNULI

FIG. 14 SLIDE 3. M. 11/86. KAT 2.9. 53X. IMM ABOVE ROOT TIP. The 1-year annulus is

FIG.

FIG.

FIG.

FIG.

FIG.

clearly separated from the dentine by a broad layer of light cementum.

The variable positon of the 1-year annulus is a potential error source in cementum
aging.

There are three possible variations of the 1-year annulus (mid-sagittal section): 1)
Broadly separated from the dentine, and continuous around the root tip. 2) Narrowly
separated from the dentine, and not continuous around the root tip. 3) Not clearly
separated from the dentine.

The 1-year annulus may exhibit variable separation in the same tooth section, and all
points of the section should be examined for its identification.

. SLIDE 3. 140X. 7MM ABOVE TIP. OPPOSITE SIDE

. SLIDE 56. F. 9/84. KAT 6.8. 53X. IMM ABOVE ROOT TIP. The 1-year annulus is

close to the dentine.

. SLIDE 56. 140X. 6MM ABOVE TIP, 4MM BELOW GUMLINE. SAME SIDE. At this

point of the section, the 1-year annulus appears only as a thickened dentine-cementum
junction.

Some PM1 sections may have no point at which the 1-year annulus is clearly separated
from the dentine.

. SLIDE 62. M. 6/85. KAT 12.5. 53X. 8MM ABOVE TIP, 2MM BELOW GUMLINE.

At this point of the section there appear to be 7 complex annuli.

. SLIDE 62. 53X. ADJACENT. 7MM ABOVE TIP. At this point of the section, 12 (or

more) complex annuli can be identified by grouping components.

Incorrect grouping of complex annulus components i$ an important cementum aging
¢ITOT SOurce.

To minimize the error, the ager should identify the poini(s) of the section at which the
pattern of complex annuli is most regularly repeated. Then, the components should be
grouped by applying the specific criteria described on page 9.
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PLATE V. CEMENTUM AGING ERROR SOURCES (CONTINUED)

FIG. 20.

FIG. 21.

FIG. 22.

FIG. 23.

FIG. 24.

FIG. 25.

COMPLEX ANNULI RESORPTION; TEETH OF YOUNG BEARS
SLIDE 63. F. 5/84. KAT 8.5. 140X. 2MM ABOVE TIP. There are 6 distinct annuli.
SLIDE 63. 140X. OPPOSITE SIDE, 4MM ABOVE TIP. There are 8 distinct annuli.

During cementum aging, examine every point of the section. Only experience will
develop the judgement that will enable the ager to identify the point(s) of the section at
which the annulus pattern is regular and most likely to providc an accurate count. Notc
that the annulus pattern in Fig. 20 is irrcgular, having annuli present in a pattern that is
not repeated. The pattern of Fig. 21 is uniformly repeated and more likcly 1o permit an
accurate count.

It is frequently necessary to use different points of the same tooth section for the most
regular annulus pattern of different years. For example, a regular annulus pattern may
be seen at one point for the early years of life and at a different point for the later years.

SLIDE 67. F. 9/85. KAT 8.8. 140X. SMM ABOVE TIP. ANTERIOR. Resorption may
remove any amount of cementum from any point of the tooth

After resorption has taken place, the "healed” area will again display annuli, but with
the resorbed years missing. Identify resorbed areas by their disrupted histological
structure.

SLIDE 67. 140X. 7MM ABOVE TIP, SAME SIDE. Minor areas of resorption may havc
produced the irregularities (I) in annuli of years 6 and 7.

SLIDE 35. M. 1(/71. KAT 2.8. 140X. 7MM ABOVE TIP, 2MM BELOW GUMLINE.
POSTERIOR. Minor annulus components (AC) stain almost as darkly as major ones,
creating a confusing pattem.

Complex annuli create a unique source of error in young bears, because the annuli arc
not repeated enough times for a pattern to be identified.

SLIDE 35. 140X. ROOT TIP, SAME SIDE. Minor annulus components are prescnt in
a less confusing pattern at this point of the section.
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FIG. 26.

FIG. 27.

FIG. 28.

FIG. 29.

FIG. 30.

FIG. 31.

PLATE VI. ASSIGNING THE RELIABILITY INDEX
SLIDE 6. M. 5/85. KAT 4.4. 140X. 6MM ABOVE ROOT TIP. POSTERIOR.

The regular annulus pattern, intact periodontal membrane, and good histological detail
at the outer surface of the root permit the assignment of the "A" reliability index.

SKULSEAL 9103484. M. 5/7/91. AGE DETERMINED FROM SKULL AND CANINE
TOOTH CHARACTERISTICS TO BE 1 YEAR. 140X. 2MM BELOW GUMLINE.
POSTERIOR.

It cannot be determined if cementum is missing because the periodontal membrane is
absent. The "B" reliability index should be assigned.

Both periodontal membrane and cementum are removed by 1) prolonged boiling of
skulls/mandibles to extract teeth, 2) bleaches and other chemical agents, 3) abrasive
physical agents.

The tooth was removed by the Alaska Department of Fish and Game, and the section
was prepared by Matson’s Laboratory.

SLIDE 69. F. 6/79. KAT 3.5. 140X. 2MM BELOW GUMLINE. POSTERIOR.

The regular annulus pattern and distinct peripheral dark annulus permit the "A"
reliability index.

SLIDE 45. M. 5/74. KAT 5.4. 140X. 8MM ABOVE TIP. INDISTINCT ANNULLI.

The ager must estimate the possible range of annulus counts, and assign a reliability
index that is consistent with that range.

SLIDE 38. F. 7/71. KAT 2.6. 140X. SMM BELOW GUMLINE. ANTERIOR.

This point of the tooth section clearly shows 3 annuli uniformly repeated. Other points
of the section clearly show two annuli.

When different points of the same tooth section show annuli in a distinct and repeated
pattern but give different counts, then determine the range of possible counts and assign
a reliability index consistent with that range.

SLIDE 32. M. 10/77. KAT 4.8. 140X. 2MM ABOVE ROOT TIP. ANTERIOR.

Annuli are simple and in a regular patten. There is a clearly identifiable 1-year annulus.
The periodontal membrane is intact, providing good histological detail at the outer
surface of the root. All characteristics favor an accurate annulus count and the "A"
reliability index can be assigned.
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PLATE VII. CEMENTUM ANNULI IN DIFFERENT TOOTH TYPES*
Each of the three tooth types, PM1, PM3, PM4, has two annuli, with the first being close 1o the
dentine. The observation is evidence that the three tooth types can be used interchangeably for

cementum aging.

FIG. 32. TOOTH NO. 8905524. JUNE. CEMENTUM AGE 2 YEARS. 140X. UPMI1, IMM
ABOVE ROOT TIP. The 1-year annulus is very close to the dentine, but is distinct.

FIG. 33. TOOTH NO. 8905524. 140X. UPM1, SMM ABGVE ROOT TIP.
FIG. 34. TOOTH NO. 8905524. 140X. UPM3, IMM ABOVE ROOT TIP.
FIG. 35. TOOTH NO. 8905524. 140X. UPM3, 7MM ABOVE ROOT TIP.
FIG. 36. TOOTH NO. 8905524. 140X. LPM4, IMM ABOVE ROOT TIP.

FIG. 37. TOOTH NO. 8905524. 140X. LPM4, 10MM ABOVE ROOT TIP, IN ARCH
BETWEEN ROOTS.

*All tooth sections were prepared by Matson’s Laboratory.



