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ABSTRACT

The aim of our present investigation is to quantitatively analyse the de-
velopment of discrete areas of rat teeth after the head region of 8-day-
old rats is exposed to a single high X-ray dose of 2581 x 10~4 C/Kg.
Individual radiographs of lower jaws of animals killed at the ages of 42
and 57 days were made. The following parameters were measured from each
radiograph: 1.Thickness of incisor at two points, 2,Length of first molar
roots. At 42 and even more so at 57 days of age, the values of the
measured parameters were significantly smaller in the irradiated animals
than in the non-irradiated controls.Our results show that after applying
a single high dose of X-rays to the head region of young rats, the growth
of teeth and'supporting structures is significantly retarded.
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INTRODUCTION

The effect of X-rays on dental tissues has been reported in a number of

studies based on a series of experiments in different mammalian species

(1,2,3,4) special emphasis being placed on the degree of iricisival da-

mage. In our previous studies(5) we showed that by applying a single high

dose of X-rays (2581 x 10~ C/Kg) to the head region of 8-day-old rats,

between the age of 28 and 42 days, a break in the continuity of the lower

incisor becomes macroscopically visible, but 15 days after the loss of the

incisor crown, incisival functional occlusion is restored. Radiography of

lower jaws revealed the absence of the third molar and the underdevelop-

ment of first and second molar roots.

Results presented in this paper should broaden our knowledge of tooth

development in rats whose heads are irradiated with X-rays supplementing
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our previous morphological observations with quantitative methods of ana-

lysis.

MATERIALS AND METHODS

The head region of 8-day-old albino rats of a close-bred Wistar strain were

exposed to 2581 x 10~ C/Kg of X-rays from a "Philips" X-ray machine under

.the following conditions: 200KV, 16mA, FDO 34cm,filter lmmAl. During the

irradiation procedure, the animals were anaesthesized with Kemithal(thial-

barbitone sodium). The bodies of the animals were protected with a "U"

shaped lead shield 5mm thick, anteriorly reaching the posterior region of

the parietal bones. Non-irradiated animals served as controls. The animals

were kept under standard conditions and after weaning, fed with rat pellets

supplemented with a mixture of fresh milk and bread because of losing of

the incisors. Tap water was supplied ad libitum. Irradiated animals and non

-irradiated controls were sacrifieed by decapitation at the ages of 42 and

57 days.

When the animals were sacrificed, the lower jaws were separated and

radiography was performed with a "Siemens" dental Roentgen instrument under

the following conditions: 220V, 50 to 100 H-, 60KW, 10mA. The exposure was

0.5s at a distance of lcm. Dental film "Sanix-Super" from Fotokemika was

used.

The following parameters were measured as shown in Fig.l:

A) The thickness of the incisor at the edge of the alveolus.

B) The thickness of the incisor under the tip of the mesial root of

the first molar.

C) The length of the first molar mesial root.

D) The length of the first molar distal root.

E) The length of the first molar central root.

To enable the small discrete structures to be measured, each radio-

graph was mounted in a slide projector and projected on a screen, the

image being 25 x the natural size. A calliper was used for measuring the

images of the structures. The results thus obtained are presented here

reduced to the natural size and expressed in mm.

Statistical analysis was performed with the Student's "t" test,

the level of significance set at p 4. 0.05.
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Figure 1. Diagram of lower rat jaw representing the end-points of the
parameters measured

RESULTS

As evident from values gisen in Table 1, at the age of 42 days, all para-

meters measured in the irradiated animals are significantly smaller com-

pared to those of non-irradiated controls, except in the case of the in-

cisor thickness below the mesial root of the first molar. At the age of

57 days (Table 2), all measured parameters were significantly smaller than

in the corresponding non-irradiated controls, the statistical, significance

being even more significant than at 42 days of age.

Table 1. Mean values with the standard error of the parameters measured
in the rat incisor and molar at the age of 42 days given in mm

parameter
irradiated
animals

intact
controls

A

B

C

D

E

+ *
1.43 - 0.03
. (7)

1.51 - 0.04
(7)

j- * *

1.69 - 0.10

O)
1.60 - 0.11

<7>
1.61 - 0.10*

(7)

1.52 - 0.03
(8)

1.59 - 0.03
(8)

2,14 - 0.05
(8)

1.98 - 0.05
(8).

1.82• - 0.05
(8)

( ) number of animals: p^O.05, ptfO.Ol, p*- 0.001 when compared to
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intact controls.

Table 2. Mean values with the standard error of the parameters measured
in the rat incisor and molar at the age of 57 days given in mm

parameter
irradiated
animals

1.48 -
(6)

1.50 -
(6)

1.84 -
(6)

1.74 ±
(6)

1.5/. ±
(6)

***
0.01

**A
0.03

A*

0.05

O.03*X

Art*

0.04

intact
controls

1.73 - 0.02
(7)

1.74 - 0.02
(7)

2.18 - 0.08
(7)

2.11 - 0.10
(7)

2.01 - 0.06

• (7)

A it* ft

( ) number of animals: p< 0.05, p^O.01,
intact controls

0,001 when compared to

Between the time intervals the parameters were measured, the smallest

increase in size was in the case of the incisor thickness measured at both

points. Of the three first molar roots measured in the irradiated animals,

the central root showed the smallest increase in length.

DISCUSSION

English (6) confirmed the negative effect of X-rays applied locally to the

head region of 21 day old rats on incisor development. In our previous

publication (5) as well as in experiments described in the present study,

the head region of 8-day-old rats was irradiated, the effect being the

discontinuity of the incisor crown, the absence of the third molar and

reduced growth rate of the first and second molar. In rats aged 8 days, the

germ of the third molar is in the phase of ameloblast histodifferentiation,

while the second and first molar are in the phase of crown formation. The

most sensitive phase during tooth development is during organ matrix se-

cretion and cell differentiation (7). For this reason, the third molar is

absent, while the development of the first and second molar continued
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after Irradiation but at a reduced rate. From our quantitative analysis,

the growth of first molar roots is statisticaly significantly reduced in

irradiated rats compared to non-irradiated controls (Table 1 and 2). This

reduced growth rate of the molars is a consequence of changes in the odon-

toblasts producing organic matrix in the phase of root development. The

statisticaly significantly reduced thickness of the incisor in irradiated

rats results from a disarrangement in the production of organic matrix

and/or mineralization during irradiation and some time afterwards (5).

CONCLUSIONS

From our present results as well as those previously published (.5,8) it

may be concluded that all parts of the rat tooth are very sensitive to the

effects of X-rays, These changes in the structure and development of rat

teeth depend on the stage of tooth development at the time of irradiation.
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