DOUBLE TEETH

family history of this dental anomaly. The immediate family members of Case 1 were examined and no dental
anomalies were found.

The reported prevalence of double teeth is- varied with little data available on their prevalence in the primary
dentition (Brook and Winter, 1970; Hagman, 1988). Of the 5,230 referrals examined only five patients presented with
double teeth suggesting a prevalence within this orthodontic population of 0.1%, which is similar to reported data on
general population groups in studies by Grahnen and Granath (1961) and Boyne (1955). The premolar location of the
anomaly was an unexpected finding. Little data could be found on premolar double teeth. In Duncan and Helpin'’s
(1987) review of double teeth no reference was made to premolar teeth. The most common location for double teeth
was in the incisor and canine region (Brogk and Winter, 1970; Duncan and Helpin, 1987). Instances of premolar
double teeth are unusual. Brook and Winter (1970} cited Boucher (1948), who reported a patient with double teeth
involving a mandibular canine and premolar. Bennett (1931) reported a second premolar union with a supernumerary
tooth while Colyer and Sprawson (1942) reported a premolar double tooth, which was similar to the type of double
teeth found in this study. While all three cases in this study were female, no trend was found in relation to premolar
tooth or location. First and second premolars presented with this anomaly, in addition to both a mandibular and
maxillary location.

SUMMARY AND CONCLUSION

In conclusion, the number of premolar double teeth in patients referred to the Eastemn Health Board Regional
Orthodontic Department, Ireland, was low. The gemination type double teeth were of little aesthetic or functional
significance. This study suggests that the predominance of premolar geminated teeth over incisor geminated teeth may
have been due to the concemns of the referring dentist about occlusion rather than aesthetics. Thus, the referrals were
made to an orthodontic service. Further study of the Eastern Health Board’s general population is necessary to
ascertain the exact prevalence of this dental anomaly, in addition to the factors influencing referral by general dental
practitioners.
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ANALYSIS OF THE OPTICAL PROPERTIES OF MEDIEVAL ENAMEL
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ABSTRACT The purpose of the study was to investigate the differences in the optical properties of samples of
intact, abraded, and reduced enamel. The optical properties of medieval enamel were compared to the results obtained
from studies of enamel of contemporary populations in order to investigate the structural changes of enamel due to the
effect of diagenesis (destructive changes, which affect interred bone). Reduced enamel (artificially removed superficial
layer of the enamel) was used as a comparative sample for the study of abraded enamel.
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The dental material was obtained from the medieval
cemetery site of Stara Torina located in northern Serbia.
Micro-morphological analysis was conducted using a
polarized light microscope. Based on the results, we can
demonstrate that 1) the birefringence value of the mature
medieval enamel sample ranges from 0.3 to 0.4, which
means that medieval enamel has retained its optical
properties, although some changes in the inorganic
components were found; 2) the mature intact enamel and
abraded enamel have a negative optical sign, which is
the same as that found in immature enamel; and 3) the
mature reduced enamel changes its optical sign due to
the phenomena of bending of the surface enamel prisms
from 0.7 mm to 0.9 mm. This change of the optical sign
results from a rise in temperature during the reduction Fig. 1. Intact enamel under the polarization microscope. Well-
process and from a diffusion of “non-oriented” formed clear enamel prisms of different position and of negative
molecules. The increased pressurc on the enamel during  ©Ptical sigo can be perceived (with an apalyzer and a gypsum
the reduction process causes the bending of the surface plate at 37X magnification).
part of the enarnel prisms. The presence of pigmentation and carious changes in the abraded enamel and ground enamel
also indicated the process of diffusion of different molecules, which occurred while the enamel was buried in the soil, as
well as during the lifetime of the individual.

INTRODUCTION

Micro-morphological analysis of enamel can be done by using the polarizing light microscope (PLM) and by
observing changes in its optic properties. Information can be obtained on its structure, such as the position and
direction of the enamel prisms, as well as the maturity of enamel. During maturation enamel loses its tnorganic
components. This leaves no evidence in the structure, but causes changes in the optical properties of the enamel.

The optical properties of teeth have been studied since the nineteenth century. Valentin (£861) first noticed
birefringence (double refraction, which is the difference between the maximal refractive index and the minimal
refractive index) of the enamel. He argued that birefringence of the enamel is considerably stronger than that found in
dentin or cementum. Valentin (1961) also found negative elongation of the enamel prisms in the direction of its long
axis. Hoppe (1962) observed that prisms of mature enamel show a negative optical sign in man and other mammals,
while developing enamel varies in optical sign from positive to negative. The phenomenom of the change of the
optical sign can be seen following the direction of the prisms. Hoppe (1962) concluded that enamel prisms are unjaxial
with the optical axis of the negative beam parallel with the long axis of the prism; more exactly, to the elongation of
the prism. Schmidt (1925) also noted the change of the optical sign in developing dental enamel. Cape and Kitschin
(1930) showed the values of the common beam (n,), the uncommon beam (n,), and the birefringence (n, - n.) of the
natural minerals, apatites, and dental enamel (Table 1). On the basis of radiographic study, the authors concluded that
changes of the optical sign of enamel represent a consequence of two different inorganic components persisting within
its structure. These are hydroxyl apatite (Cag (PO,),OH) and carbonate apatite (Ca, (PO,),;CO,). They display the same
X-ray diagram, but an opposite optical character and birefringence of differing strengths. The positive of these is
dominant in the first stages of development; the negative one gradually becomes predominant as the enamel matures.

Allan (19592,b) found that the intrinsic birefringence of hydroxyl apatite may be modified by heating due to the
thermal movement of the molecules and the changing of its orientation. Non-oriented liquids would only change their
refractive index, which falls as the temperature rises. Calstrom (1962) has analyzed birefringence of minerogenous
apatite and found that it is higher (-0.007) (approximately double) than the observed birefringence of enamel (-0.003
to -0.004). Results of later investigations deal with changes of the optical properties of the enamel caused by
microabrasion (Waggoner er al., 1989, Segura, 1991; Willis and Arbuckle, 1992; Segura, et al., 1993; Stampe, et al.,
1993; Chan er al., 1995).
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Fig. 2. Abraded enamel] under the polarization microscope. The
occurrence of pigmentation in the enamel: top) on the surface of
abraded enamel (without the analyzer at 42X magnification),
center) on the surface and in the enamel itself (with the analyzer
at 42X magnification), bottom) on the surface and in the enamel
without any change of optical sign (with the analyzer and the
gypsum plate at 42X magnification).
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AIM OF THE STUDY

In the present study the differences in the optical
characteristics of samples of intact, abraded, and reduced
enamel were analyzed. Intact enamel was obtained from
archaeological material in order to investigate the
influence of the diagenesis (changes in composition of
inorganic components) of enamel and its structure. We
believed that evidence of diagenesis could be seen only
in the optical properties of enamel. Mechanically
(artificially) reduced enamel was used to compare its
optical properties with the properties of naturally abraded
(worn) enamel resulting from the process of mastication.

MATERIALS

Twenty-one teeth from adult individuals, unearthed
at the late medieval cemetery of Stara Torina located in
the North of Serbia were examined in this study.
Archaeological investigations of the necropolis indicate
that the period of burial interment probably took place
between the twelfth and the seventeenth centuries.
Anthropological analysis of the skeletal remains of
nearly 800 individuals is being done at the Laboratory
for Anthropology. The material used in the study was
divided into three categories: 1) samples of intact enamel
(N=7) (Group A); 2) samples of abraded (horizontal,
vertical and mixed cuts) enamel (N=7) (Group B); and
3) samples of intact reduced enamel (artificially removed
superficial layer) (N=7) (Group C).

METHODS

Non-decalcified teeth were vertically cut using a low
speed saw with a rotating circular disk impregnated with
diamond dust. Enamel sections were mounted in
Capadian balsam, which has a refractive index of 1.537,
and placed on glass slides measuring 25mm x 50mm x
0.17mm.

To study the optical properties of enamel a
polarizing light microscope (Reichert, Neovar, Pol) fitted
with the following equipment was used: 1) a polarizer
without an analyzer, which allows the light to pass
through in one direction only, thus limiting the
oscillation of the light to one plane; 2) a polarizer with
an analyzer (Nikoli+), which allows onty the light
oscillating perpendicular to the first one to pass through,
because the orientation of the oscillation planes of the
polarizer and the analyzer is opposite to each (The
anisotropic crystals can only be seen with the crossed
Nikol's.); 3) a cast tile or a gypsum plate which is
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placed in the mbe-siot of the microscope and orientated in the -45° position, which establishes a sign of optical
clongation. Examination of the material was accomplished in three steps: 1) examination with a polarizer; 2)
examination with a polarizer and an analyzer; and 3) examination with a gypsum plate. The three groups of specimens
were analyzed at 2 magnification ratio of 40:1.

The strength of birefringence of the objects is obtained indirectly by determining the path difference (A) measured
with a Berek’s compensator. The experimental strength of the birefringence obtained can be obtained using the
equation (€-w) = A/d), where € is the refractive index of the common beam; w is the refractive index of the
uncommon beam (anomalous dispersion); A is the path difference; and d is the thickness of the section of the object
(from which the path difference is calculated). The difference between the maximum and minimum refractive index (n,
- ny) gives the strength of birefringence (n, is the common beam; n, is the uncommon beam).

RESULTS

Significant differences in the optical properties of dentin, enamel, and cementum have been reported. Considerably
stronger birefringence of the enamel in comparison with dentin was observed. Analysis of each group is given
separately.

Group A - Samples of Intact Enamel

Examination with a polarizer (without an analyzer)
dernonstrated the presence of non-homogenous stained
enamel with regions of bright and dark yellow color. The
mature enamel is composed of prisms consisting of bundles
of apatite crystals (from 0.3333 mun to 0.8325 mym in length
and about 30 nm o0 40 nm in diameter) oniented at right
angles to the surface.

Examination with an analyzer (Nikoli+) revealed
significant birefringence of enamel. Measured with a BerekK's
compensator, the birefringence value ranged from 0.0037 to
0.0400. Crystals of hydroxylapatite are eclongated and
oriented paralle] with the relatively longer axis of the prisms.
These prisms become somewhat bent toward the enamel
surface. In addition, the optical axis of the crystal was
incongruent from those of the prism's relatively longer axis,
and differences from 0 to 20 were found, mostly in the
penpheral zone of enamel.

Examination with a gypsum platc showed the optical
sign of crystal elongation within the prisms to have mostly
negative values. This is particularly in the peripheral zonc of
the enamel, as well as in the contact zone toward the dentin.
The interference colors of those prisms appear bluish-white.
An arca of comparatively lower birefraction is commonly
observed in the middle zone of the enamel. Intermittently
crossed prisms of diazone and parazone with optically
positive and negative birefraction occur in the middle zone
of the enamel. Because of the tangential intersection of the
parazone, which is cut toward the relatively longer axis of
the tangential plane, its birefraction has a higher value than o “ .
those of the diazone, which is cut ransversely. Interference  Fig. 3. The abraded enamel under the polarization microscope:
colors in this area are mostly abnommal: yellowish-brown top) distinct polychromy on the surface due 10 changes io the
and indigo-blue; that js, the manifest of dispersion of Stucture and chemical composition of the enamel (without the

. A , . . . analyzer at 28X magnification); bottom) visible anomalous
birefraction for diffesent wavelengths in the visible part of interferential colors on the surface of the changed enamel (with

the spectra (Fig. 1). the analyzer at 28X magnification).
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Group B - Samples of Abraded Enamel

Examination of abraded ename) with a polarizer
without an analyzer revealed the presence of
pigmentation in ome areas of the surface, as well as
beneath it (Fig. 2 top). Examination with a polarizer
and an analyzer (Nikoli+) revealed oval-bordered
grayish areas in regions of pigmented enamel. Prisms
located under the abraded surfaces are orthogonally
cut, which is also characteristic of corroded enamel
(Fig. 2 center).

Examination with a gypsum plate revealed areas of
pigmentations, as well as prisms cut orthogonally.
However, the most important observation was the
optical sign of abraded enamel. The abrasion process
removes the surface layer of enamel, but the value of
the optical sign and the optical elongation remains
unchanged (negative) as the result of inner dual
refraction of hydroxylapatite (Fig. 2 bottom).

In several cases carious lesions were found at the
abraded surfaces. These cases were analyzed
separately. Examination of the carious lesions with a
polarizer (without an analyzer) showed that the
polychromatic nature of the sample's surfaces
resulted from the structural and chemical changes of
the abraded enamel.

A brown color was observed in the area of a

i carious lesjon indicating the existence of turbid
Fig. 4. The reduced enamel under the polarization microscope. media, which consists of at least two components
On the surface of the reduced enamel tissue the following can be  with different indices of refraction (hydroxylapatite

perceived: top) an intensive bending of enamel prisms and 2 and gasses or liquids). Dichromatism and coloration
change of the optical sign (with an analyzer and a gypsum plate of the indicate the high concentration of
at 25X magpification); and bottom) an intensive change of the Se zones Indicate the hig

optical sign that can be noticed through the occurrence of the some element (iron in this case) which directly
blue interfetential color on the enamel tissue (with an analyzer influences the absorption of some wavelengths in the
and a gypsum plate at 25X magnification). visible part of the spectra. The zones of caries

lesions are clearly visible in Fig. 3 top and bottom.
Examination of the zones of carious lesions with an analyzer (Nikoli+) show these areas to be anomalies with the
interference of colors evidenced, as well as brown-colored areas with intermitient positive and negative birefringence.
In addition, anomalous yellowish-brown colors were observed in some dark zones of enamel (Fig. 3 bottom).

Group C - Samples of Ground Enamel

Examination of ground enamel with a polarizer and an analyzer (Nikoli+) indicated similarities with the observations
obtained from the samples of intact enamel from Group A. Enamel prisms of those samples are sharp and clear.

Examination with a gypsum plate revealed that the optical sign of ground enamel is changed from that of intact
ename}. The change in the optical sign js seen in a blue interferant color at the surface of the enamel. We believe that
this change is due to the grinding of the enamel surface. Ends of prisms are bent or break during the grinding process
(0.0730 mm to 0.0999 mm) (Fig. 4 top and bottom). In addition, negative elongated prisms were observed.
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DISCUSSION

The enamel of the contemporary sample and the
mature ename) of the medieval sample shows inner dual
refraction of hydroxylapatite (a negative optical sign),
which is interpreted to mean that the samples of enamel
studied kept their optical properties during the long-
term interment in the soil. Comparisons of the range of
birefringence obtained in the study with the values of
birefringence from Table 1 suggest that some changes
in the composition of exhumed enamel occurred. The
enamel that we examined consists mainly of fluorapatite
(Cas(PO4),F), while the range of hydroxyapatite
(normally the main constituent of the inorganic
component of enamel]) was very low. This evidence
suggests that teeth, once buried, undergo chemical : e
reactions with the environment in which hydroxyl ions Fig. 5. Reduced enamel under the polarization mjcroscope.
are replaced chemically by other ions such as fluoride. Prisms are elongated in a negative way with distinct easy cutting
The process of substitution by the fluoride ion js still of the reduced enamel tissue visible (with an analyzer and a

; gypsum plate at 63X magnification).
unclear and requires further research.

The loss of the surface enamel layer in abraded enamel did not change the optical sign. On the contrary, grinding
of enamel resulted in the reverting of the optical sign, which was followed with bending of ename] prisms from
0.0730 mm to 0.0999 mm.

Changing of the optical sign of ground enamel is not a consequence of removal of the surface layer. This is
confirmed by the absence of optical sign changes within abraded enamel, which also has undergone reduction of the
surface layer. The changes in the optical sign are the result of exposure of enamel to heat by grinding. The heat
induces the changes of the inner dual refraction of hydroxylapatite, causing movements of the molecules thermally and
changing their orientation. Further diffusion of liquids with un-oriented molecules into the ground enamel leads to
changes of the refraction index. Lowering of the index is proportional with the rising of the heat, consistent with the
results of Allan (1959a,b).

Bending of the outer part of enamel prisms results from the high pressure developed by the grinding process,
which allows prisms to be along their relatively longer axis. In the abraded enamel the mechanism of reduction is
different, resulting from friction and pressure occurring over a comparatively longer period of time and under
relatively less pressure without excessive heat. Such a mechanism results only with the possibility of cutting of prisms
through their comparatively longer axis, which does not affect the optical sign. The parts of pigmented enamel
discovered indicate the possibility of the diffusion of different molecules into the enamel.

CONCLUSIONS

Based on the evaluation of the results obtained from the analysis of the optical properties of intact, abraded, and
ground enamel, we concluded the following:

1. Dental enamel from buried remains kept its optical properties. Birefringence of the mature enarel of medieval
skeletons ranges from 0.0037 to 0.0040, which suggests some changes in the constituents of the inorganic
components of the enamel.

2. Mature intact and abraded enamel shows a negative optical sign. Mature enamel, which has been artificially ground
down, changes its optical sign to neutral or positive. Furthermore, bending of the outer parts of enamel prisms from
0.0730 rom to 0.0999 mm occurs. Changing of the optical sign is induced by the heat developed by grinding and
the diffusion of un-oriented molecules into the ground enamel. Bending of the outer portion of enamel prisms is a
consequence of the pressure produced by the grinding process.

3. Cutting of the prisms through their relatively longer axis, pigmentation, and carious lesions observed on the abraded
and ground epamel indicate that processes of diffusion of various molecules are active while the enamel is buried in
the soil, as well as during the lifetime of the person.
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DENTAL ANTHROPOLOGY AT THE UNIVERSITY OF OREGON
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Dental anthropology continaes to
flourish at the University of Oregon
& (UO), with additions to skeleta)
collections and an increastngly
diverse set of faculty and student
rescarch endeavors (Fig. 1). The UO’s
State Museum of Anthropology
(SMA) and Departinent of
Anthropology both house collections
avajlable for study. The SMA served
as the state repository for Native
American skeletal remains collected
before the enactment of Oregon's
Indian burial law, and, although most
of the collection is slated for
repatriation under NAGPRA (Native
American Graves Protection Act) in
the very near future, it is still
available for analysis by qualified
researchers. While conducting
archaeological recovery projects for
various agencies, the SMA also

Fig. 1. Guy Tasa, Sarvantha Bhiladvala, Darcy Hannjbal, Greg Nelson, Debbie
Guatelli-Steinberg, and John Lukacs (sitting) in front of the teaching collections in the
Department of Anthropology at the University of Oregon.
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