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Abstract

Linear Enamel Hypoplasia (LEH) is a decrease in enamel thickness resulting from a temporary
disruption in enamel formation during times of dental development. To establish a statistical
relationship between the timing of enamel formation and the length of the crown, the published data of
Reid and Dean (2006) were statistically analyzed using SPSS. The results indicate that the

relationship between the crown length and the days of enamel formation is nonlinear as proposed by

previous studies but exponential taking the form of ¥ =@ -em, where y is the time of enamel
formation in days, a and b are constants, and x is the crown length. Based on this equation, the timing
of hypoplasia can be estimated more accurately using x as the distance of hypoplasia from the
cemento enamel junction (CEJ). This study introduces a new equation for estimating the period of
stunt growth (number of days of a hypoplastic event) depending on the horizontal shift of the
mathematical function that represents the above relationship. This period may classify the LEH either

as caused by acute growth disruptions or chronic and prolonged ones.
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Introduction

Linear Enamel Hypoplasia (LEH) is a decrease in enamel thickness resulting from a temporary
disruption in enamel formation during times of dental development, where it appears as furrows on the
crown's surface (1, 2). Causes of LEH include episodes of febrile disease, malnutrition, trauma,
parasite infection, weaning, and congenital disorders. These systemic stresses disrupt the activity of
ameloblasts as they secrete the enamel matrix (3-7). In bioarchaeological studies, the prevalence of
this defect has been used to reconstruct the timing of stress in ancient societies and to understand the
childhood health status (1, 8-10).

The timing of formation of this defect was calculated by measuring the distance between the defect
and the cemento-enamel junction using either charts or linear regression equations (11-15). These
studies assumed a constant rate of growth of tooth crown, whereas the average daily rate of enamel
apposition for any maxillary premolar, for example, is 2.7 to 4.6 microns/day (16). In deciduous
enamel, rates vary between 2.5 to 4.5 microns throughout/day (17). In general, the formation rate is
high early in crown formation and slower later (18). Consequently, this study hypothesizes that the rate

of enamel formation across the crown length is nonlinear.

Enamel has two regularly occurring markers: daily cross-striations and long-period striae of Retzius
that have been used to determine crown formation times, enamel growth trajectories, and ages at
death (19). Striae of Retzius reach the tooth surface as grooves called perikymata (20) and form over
7 t0ol11 days with a mode periodicity of 8 days (21). The formation time is estimated by counting the
number of cross-striations between adjacent striae of Retzius in a longitudinal tooth section (22).
Histological and experimental studies show that cross striations are formed over 24-hour intervals (23-
25). The study by King and his colleagues (26) stressed on the non-linearity relationship between
timing of crown formation and its length. Ritzman and coworkeres (27) compared the histological
method of hypoplasia timing by Reid and Dean (19) with the macroscopic method (21), where they
found that the histological method yields older ages of hypoplasia but they did not suggest which
method is precise. This study establishes new regression equations for enamel formation, where the

time of hypoplasia formation can be estimated more precisely.

Materials and methods

The data in this study were collected by Reid and Dean (19) who analyzed samples of modern
European and African human teeth to establish a rate of human dental enamel formation. Only the
data on anterior teeth of modern Europeans were used in this study. These data were statistically
analyzed using SPSS v. 13 where the best equation is selected based on the higher correlation

coefficient.
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Results and discussion

The best fit between the crown length and the time of enamel formation was obtained using an
exponential function (figure 1) with a very high correlation coefficient that is close to 1 (table 1). The
regression equation between the crown length and days of enamel formation in an anterior tooth takes

the form of:

where y is the time in days, a and b are constants, and x is the crown length.

In a hypoplastic tooth, the exponential function changes when normal enamel formation is resumed
(fig. 2). If we consider for example the lower canine, the exponential function of enamel formation will

be shifted vertically and horizontally according to the following equation:
y = k; + 372.44 . e01555%+6;

where k is the vertical shift in the exponential function and represents the period of stunt growth (the
period of the hypoplastic event in days), ¢ is the horizontal shift in the exponential function and
represents the width of LEH, y is the time in days, and x is the distance to LEH from CEJ in mm. The
value of k is actually the difference in the crown length between the average population crown length
(the average crown length of unaffected teeth) and a hypoplastic crown length assuming that the

healthy crown is longer than a hypoplastic one:

The period of stunt growth (days) = the average population crown length (mm) - hypoplastic crown
length (mm)

ki =372.44 .201555% _372 44 013337+

For example, assuming that the average length of the lower canine crown of an archaeological
population is measured to be 11.00 mm, the crown length of a hypoplastic lower canine is measured
to be 10.80 mm and the width of LEH is 0.05 mm, the value of k would be calculated as follows (see

also figure 2 below):
kz’ = 372.44 _90.1555H11 _372.44 . en.1555H10.8+U.05 = 3931 days

According to (28), stress duration is estimated by counting the number of perikymata within the
occlusal wall of each defect multiplied by the circaseptan rhythm factor after (29, 21, 30). This method
is invasive as it requires microscopic analysis while the regression equation above relies on

macroscopic measurements of LEH and crown length. In the field of bioarchaeology, the value of k
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(period of stunt growth) may shed more light on the cause of LEH; acute growth disruptions may lower

the value of k while chronic and prolonged disruptions do the opposite.

Conclusion

The value of crown length (x) is a population-specific value, which necessitates counting the number
of brown stria of Retzius in each tooth type under the microscope and then establishing the timing
schedule of enamel formation. The population-specific values (x and y) can be then used to generate
population-specific exponential equations. For example, the y and x values can be established for the
Byzantine populations of the Levant and later be applied on Byzantine teeth that are geographically

and ethnically similar.
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Figure 1 The rate of enamel formation for the first upper incisor.
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Figure 2 Lower canine vertical and horizontal shift of the regression equation.

Tooth type Regression equation R’
First upper incisor y = 383.36.e012%9% 0.9981
Second upper incisor | y = 382.19 %1401 0.9984

=S
Upper canine y = 383.36 . 01384 0.9981
First lower incisor y =280.73.¢%1%68% | 0.9954
Second lower incisor | y = 23455 . %1827 0.9956
Lower canine y = 372.44 01355 0.9964

Table 1 Regression equations for enamel formation by tooth type
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