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Ultrastructural study of osteodentin 
formation induced by irradiation
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SUM M ARY : A  s in g le  dose o f 16,000 rads w as d e live red  to  a 1 x 1.5 cm area o f the  cheek 
o f 2 day oíd W is ta r ra ts. The lo w e r f irs t  m o la r reg ión  w as rem oved 1, 3, 5 and 8 days post- 
irra d ia tio n  and p rocessed  fo r lig h t and e le c tró n  m ic ro sco p y  ob se rva tio n .
The m ost d is tin c t s tru c tu ra l fea tu re  at o p tica l leve l w as os te o d e n tin  p ro d u c tio n  in the  denta l 
pa p illa , w h ich  began a t the  leve l o f the in itia tio n  o f H e rtw ig ’s ep ith e lia l sheeth  and con tinued  
u n til the pu lpa l area w as co m p le te ly  f ille d  by  os te ode n tin .
A t the  u ltra s tru c tu ra l leve l, am e lob las ts  exh ib ited  large lip id ie  vacu o les  and irre g u la r in tra - 
c y to p la sm ic  se c re to ry  g ranu les. O d o n to b la s ts  un de rw e n t m ú ltip le  re g re ss lve  a lte ra tion s  w lth  
va cu o liza tio n  and num erous m ye lin  figu res . P u lpa l ce lls  exh ib ited  a ca p a c ity  fo r  o d o n to b la s tic  
d iffe re n tia tio n  w ith  fo rm a tio n  o f one o r m ore o d o n to b la s tic  p rocesses  and den tin  m a trix  se- 
c re tion . Thus, irra d ia tio n  re su lted  in s tim u la tio n  o f a g rea t po ten tia l fo r  den tin  p rod u c tio n  in 
these  ce lls .

K EY W O R D S  : O s te o d e n tin  - Ir ra d ia t io n  - T o o th  ge rm .

'RESUME : Une dose un ique de 16 000 rads a é té ap p liqué e  su r une su rface  de 1 x  1,5 cm 
de la joue  des ra ts  W is ta r, ágés de deux jou rs . La rég ion  de la p rem ié re  m o la ire  in fé rieu re , 
p ré levée  1, 3, 5 e t 8 jo u rs  aprés l’ irra d ia tio n , a été é tud iée  en m ic ro scop ía  op tique  e t é lec- 
tro n iq u e . La fo rm a tio n  d ’o s té ode n tine  dans la p a p ille  de n ta ire  a é té la ca ra c té r is tiq u e  
s tru c tu ra le  la p lus  é v ide n te  en m ic ro sco p ie  op tique . C e tte  fo rm a tio n  débu te  au n iveau de 
l ’ in itia tio n  de la ga ine é p ith é lia le  de H e rtw ig  et l’a p p os ition  se p o u rsu it ju sq u 'á  ce que la 
to ta lité  de la rég ion  pu lp a ire  s o it rem p lie  par l’os té ode n tine . En m ic ro sco p ie  é le c tro n iq u e , les 
am é lob la s tes  p rése n te n t de la rges va cu o les  lip id iq u e s  e t des granu les  de sé c ré tion  in tra cy - 
top lasm iqu es  irré g u lié re s . Les o d o n to b la s te s  sub isse n t d ive rses  a lté ra tion s  ré g ress ive s  avec 
des vacu o lisa tio n s  e t de nom breuses fig u re s  m yé lin iques. Les ce l'u le s  de la pu lpe  p résen ten t 
une capac ité  de d iffé re n c ia tio n  od o n to b la s tiq u e  avec fo rm a tio n  d 'un  ou p lus ieu rs  p ro long e - 
m ents o d o n to b la s tiq u e s  e t sécré tion  m a tric ie lle  de dentine . A in s i l ’ irra d ia tio n  sem ble s tlm u le r 
les g randes p o te n tia lité s  de p rod u c tio n  de den tine  de ces ce llu les .

M O TS  C LES : O s té o d e n tin e  - Ir ra d ia t io n  - G erm e d e n ta ire .

ZUSAM M ENFASSUNG : M it  16 000 rad ais E inze ldos is  w u rd e  ein 1 x 1,5 cm g rosse r B ez irk  
d e r W ange von 2 Tage a lten W is ta r-R a tten  be s trah lt. D ie  Región im B ere lch  des un te ren  ersten 
M o la re n  w u rd e  1, 3, 5 und 8 Tage nach B es trah lung  re se z ie rt und zur lic h t-  und e le k tro n e n m ik - 
ro skop ische n  U n te rsuchung  vo rb e re ite t. D ie  au ffa lle n d s te  s tru k tu re lle  V e ránderung  w a r bei 
o p tis c h e r B e tra ch tun g  d ie  O s te o d e n tin p ro d u k tio n  in de r Z a hnp ap ille , w e lch e  im K e im zen trum  
de r H e rtw ig ’ E p ithe lsche ide  begann und sich fo rtse tz te , b is d e r gesam te P u lpabez irk  durch 
O s te o d e n tin  e rse tz t w ar. U ltra s tru k tu re ll en tfa lte te n  A m e lob las ten  ausgedehnte  L ip id -V akuo le n  
und un rege lm áss ige  in trazy top la sm a tisch e , se k re to r isch e  G ranula . O d o n tob las ten  w urden 
zah lre iche n  re g re ss ive n  V e randerungen  m it V a ku o lis ie ru n g  und M ye lin a b la g e ru n g  un te rw o rfen . 
P u lpaze llen  en tfa lte te n  d ie Fáh igke it, O d o n tob las ten  m it E n tw ick lung  von ein oder m ehreren 
O d o n to b la s te n fo rtsá tze n  und m it de r A bsche id ung  von D e n tin m a trix  zu d iffe re n z ie re n . D ie  
B es tra h lung  s tim u lie rte  bei d iesen Z e lle n  desha lb  d ie D e n tin e n tw lck lu n g .,



INTRODUCTION

Experimental irradiation of tooth germs produces regresslve changes ¡n 
amelogenesis and dentinogenesis. Hypoplastlc lesions in the enamel, 
niche-shaped recesses in dentin formation, reduction in the thickness of 
predentin and dentin and degeneration of odontoblasts have been the most 
frequently described features after irradiation with doses ranging from 
200 to 5,000 rads (Leist, 1925 ; Smith, 1938 ; English and Tullís, 1951 ; 
Adkins, 1968 ; Koppang, 1969 ; Lindvall et al., 1972). In addition to these 
regressive changes, formation of pulpal osteodentin has also been con- 
sistently reported.

The abnormal dentin was at first called « depolarization dentin » because 
it was thought to be produced by depolarized odontoblasts (Pliess and 
Franke, 1960 ; Koppang, 1967). In later studies, at light m icroscopy level, 
Adkins (1967) and Koppang (1973) suggested that the pulpal mesenchymal 
cells could differentiate into osteoblast like cells producing osteodentin. 
The capacity for osteodentin formation has been observed even after irra­
diation with doses as high as 20,000 rads, which cause ulceration of the 
oral mucosa and skin and severe injury to the ameloblasts and odonto­
blasts (Cabrini et al., 1967 ; Manfredi et al., 1971).

The purpose of the present work was to extend the aforementioned obser- 
vations to the u ltrastructural level and to observe the cyto logical aspects 
of the osteodentin producing cells after stim ulation by high doses of 
irradiation.

MATERIAL AND METHODS

A  lo c a liz e d  beam  o f X rays w as  used to  ir ra d ía te  the  m o la r re g ió n  o f 25 n e w b o rn  W is ta r 
ra ts . A s in g le  do se  o f 16,000 rad  w as  d e liv e re d  th ro u g h  re c ta n g u la r  1 x  1.5 Pb d ia p h ra g m s  
us ing  a P h ilip s  ra d io th e ra p y  u n it o p e ra te d  at 250 kv and 13 mA, e m p lo y in g  a 0.25 mm Cu 
and 1 m m  A l f i l te r  a t a do se  ra te  o f 500 ra d /m in . N o n - irra d ia te d  llt te rm a te s  w e re  ke p t as 
C ontro ls .

G ro u p s  o f 12 a n im a ls  w e re  k il le d  1, 3, 5 and 8 days p o s t- lr ra d ia tio n .
T h e  le ft m a n d ib le  o f 3 ir ra d ia te d  and 3 c o n tro l a n im a ls  fro m  ea ch  g ro u p  w e re  fo rm a lin - 
f ixe d , d e c a lc if ie d  in 5 % ED TA a t pH 7, fo r  15 days and p ro ce sse d  fo r  ro u tin e  p a ra ffin  
e m b b e d in g , s e c tio n in g  and H e m a to x y lin -e o s in  s ta in .

T h e  re m a in in g  3 e x p e rim e n ta l and  3 c o n tro l a n im a ls  fro m  the  sam e g ro u p  w e re  used 
fo r  e le c tró n  m ic ro s c o p y  o b se rva tio n s . T h e  lo w e r le ft f irs t  d e v e lo p in g  m o ia r w as  e x tra c te d  
and fix e d  in c o id  K a rn o vky  f ix a tiv e  (1965) fo r  2 hr, w a sh e d  in p h o sp h a te  b u ffe r  (pH  7.2) 
fo r  2 hr, and  d e c a lc if ie d  in E D TA -TR IS  s o lu t io n  (pH  6.9) a t 4°C fo r  one  w e e k  (F u llm e r 
and L ink , 1964). A fte r  d e c a lc if ic a t io n , the  to o th  g e rm s  w e re  w a sh e d  a g a in  In p h o sp h a te  
b u ffe r and  s e c tio n e d  in to  3 m m  th ic k  s lic e s  in a c e n tra l b u c c o - lin g u a l p lañ e . T h e  s lic e s  
w e re  p o s t- f ix e d  in 1 % 0 s 0 4  and fla t-e m b b e d e d  in Epon 812 to  m a n ta in  a d e q u a te  
o r ie n ta t io n  d u r in g  se c tio n in g .

U ltra th in  s e c tio n s  w e re  m o u n te d  on c o p p e r g r id s , and  s ta in e d  w ith  u ra n y l a c e ta te  and 
lead  c itra te , and e xa m in e d  in a P h ilip s  200 e le c tró n  m ic ro s c o p e .



RESULTS 

Optical microscopy

No changes were detected at the óptica! level 24 hr after ¡rradiation. From
3 days post-irradiation onwards, alterations in the odontoblastic layer 
were evidenced by an irregular arrangement of more deeply stained cells.

Apposition of osteodentin also became visible 3 days after ¡rradiation. In 
all specimens studied, osteodentin form ation begun ¡n the proliferation 
zone of the pulp near the in itiation of Hertw ig ’s epithelia l sheeth. By the 
5th day, osteodentin formation extended beneath the whole odontoblatic 
layer. Eight days after ¡rradiation, the entire pulp area showed a dim inished 
ce llu la rity  and deposition of an eosinophilic homogeneous material (Fig. 1).

No ameloblastic alterations were observed in the light m icroscopy prepa 
rations at any of the periods post-irradiation studied.

FIGURE 1 :
A ) U n irrad ia ted  de ve lo p in g  m o la r too th , 
sho w in g  am e logenes is , od on to gen es is  and 
norm al c e llu la r ity  o f the  pulp.
B) Lesión p roduce d  3 days a fte r ¡rrad ia tion . 
A p p o s it io n  o f o s te ode n tin  beg ins  in the  p ro ­
life ra tio n  zone o f pu lp  a t the  in itia tio n  o f 
H e rtw ig ’ s e p ith e lia l sheeth  (a rrow s).
C ) E ight days a fte r ¡rrad ia tion  the pu lp  area 
show s d im in ished  c e llu la r ity  and an e o s i­
n o p h ilic  o rgan ic  m a trix  (H and E, x  55).



FIGURE 2 :
Lesions p roduce d  in an a m e lob la s t 24 hs. p o s t- irra d ia tio n .
A ) A  large lip id  vacu o le  (L ) in an o the r cy to p la sm ic  area (x 9,600).
B) An irre g u la r ¡n tracy to p lasm ic  g ranu le  (a rro w ) ¡s seen in the  v a c in ity  o f the  nucleus (N ).

Electron microscopy

At the u ltrastructural level, ameloblasts showed some alterations as early 
as 24 hr after irradiation. Large lipid vacuoles and irregular intracytoplas- 
mic secretory granules, four or five times larger than those observed in 
the Controls, were frequently seen (Fig. 2). In two experiments of the 
eight-day group, a depolarization of the basal group of m ltochondria was 
detected.

The degree of cell damage varied greatly between cells w ith in the same 
section. Greatly altered cells alternated w ith ameloblasts in which an 
increase of lip id vacuoles was the only visible change.

The odontoblast layer evidenced múltiple regressive alterations. Cytoplas­
mic vacuoles and numerous myelin figures were the most common features 
observed. Most cells suffered a reduction in size and an increase in elec- 
tion density (Fig. 3).

No evidence of change in the nuclear polarity was noted.



FIGURE 3 :
O d o n to b la s tic  area, 5 days a fte r irra d ia tio n .
A ) Increased cy to p la sm ic  de n s ity  and irre g u la rly  con fo rm ed  o d o n to b la s tic  p rocesses  sur- 
rouded by p reden tin  (D ).
B) P redentin  (D ), abnorm a l o d o n to b la s tic  p rocesses  (a rro w s) and m ye lin  f ig u re s  (M ) and 
vacu o les  (V ) in the cy top lasm . (x 5,800).

Numerous mesenchymal pulpal cells showed signs o f active secretory 
activity. These cells had hyperplastlc endoplasm ic reticulum and had de- 
veloped odontoblastic processes. These odontoblastic processes, although 
irregular ¡n shape, exhibited the characteristic light staining and m icrofi- 
lament and m icrotubule content. In some instances, two or more processes 
developed at opposite sites of the same cell. The active mesenchymal 
cells were surrounded by a fib rilla r matrix s im ilar in appearance to the 
predentin matrix formed by the odontoblasts before the irradiation (Figs
4 and 5).

Whereas most mesenchymal cells showed active changes, a few of them 
exhibited regressive changes sim ilar to those observed in the odonto­
blastic layer and became enclosed in the osteodentin matrix.

DISCUSSION

The degree of radiosensitivity of the d ifferent cells in the developing tooth 
has been discussed by several authors. It has been said that amelogenesis 
is more radiosensitive than odontogenesis (English and Tullis, 1951 ; Dale.



FIGURE 4 :
D e ve lo p ing  m o la r to o th , 3 days a fte r Irrad le tlo n . M esenchym a l pu lpa l ce lls  w lth  h yp e rp la s tic  
e n dop la sm ic  re ticu lum  (RE) and Irre g u la r o d o n to b la s tic  p rocess  fo rm a tio n  (a rro w s) su rroun - 
ded by den tin  m a trlx  (D ). O  : o d o n to b la s tic  layer. (x 3,200).
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FIGURE 5 :
G enera l pa tte rn  o f 
o d on to nge nes is  area in 
a norm al (A ) and an 
irra d ia te d  too th  germ  
(B ). 8 days p o s t- irra - 
d ia tio n , the  o d on to b las - 
t ic  la ye r (O ) becam e 
tra p p e d  be tw een the 
p reden tin  (P) and the 
in te rn a l fo rm a tio n  o f 
o s te ode n tin  (10) p rodu- 
ced  by  pu lpa l m espn- 
chym al ce lls  (M ) w ith  
o d o n to b la s tic  d ifie re n  
t ia tio n . (x 1,600).



1953 ; Lindvall et al., 1972) and the well dlfferentiated odontoblasts are 
relatively radiosistant (Medak et al., 1952 ; Pliess and Franke, 1960 ; Collet 
et al., 1966 ; Adkins, 1967 ; Koppang, 1973). However, it seems to be 
clearly proved that radiosensitivity varíes according to the dífferent stages 
of dífferentiation and functíon of tooth germ cells.
In the developing molar teeth used ¡n the present study, most ameloblasts 
showed d istinct u ltrastructural alterations. However, more severe damage 
occurred in the odontoblasts, which showed a depressed secretory func- 
tion and became trapped between the dentin formed before irradiation 
and the osteodentin produced by the stimulated pulpal cells. This obser­
varon  indicates that the observed alterations in the odontoblasts might 
be a consequence of a deficient nutrition rather than of a d irect damage 
produced by irradiation.
Pulpal mesenchymal cells exhibited a particu lar pattern of behavior. The 
most strik ing feature was the absence of cytoplasm ic breakdown and rapid 
odontoblastic dífferentiation with dentin matrix secretion. This stimulation 
of pulpal cells appears to be sim ilar to that observed in pulpal wound 
repair (Fitzgerald, 1979) ; and in form ation of secondary dentin and pulp 
stones.
Different degrees of dífferentiation capacity were observed among pulpal 
cells. Osteodentin production always begun at the level of the inítiation of 
Hertw ig ’s sheeth, in a zone of active proliferation. This observation is 
consistent with the findings of Burton (1949), who reported a distinct alte­
raron of root formation after irradiation of mouse developing teeth with 
doses of 1,500 to 5,000 r.
Even with the high dose of 16,000 r used in the present study, the mesen­
chymal pulpal cells, unlike other undifferentlated cells, did not undergo 
regressive changes. On the contrary, irradiation stim ulated a high potential 
fo r dentin production in these cells.

A C K N O W LE D G E M E N T S  : The a u th o rs  g ra te fu lly  a c k n o w le d g e  the  s k i l fu l te c h n ic a l a ss is - 
ta n ce  o f M rs. S ara  O rrea  a n d  M rs. D ia n a  P ra h ic .
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