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ABSTRACT

Scanning electron microscopic stud ies were performed on 25

deciduous and permanent teeth from members of seven kindreds

with autosomal dominant osteogenesis imperfecta (0.1.). Two

families had normal teeth on clinical and radiological examina—

tion; five families had blue or brown opalescent teeth with

specific radiologic findings. Enamel surfaces and prism organi-

zation were normal on all teeth. On fractured surfaces, the

dentin tubules of normal teeth from patients with 0.1. were

evenly distributed and coursed regularly to the dentin—enamel
C

junction. Opalescent teeth had few tubules; those tubules pre-

sent were narrow, short and tortuous. Dentin calcification

fronts of- normal teeth were composed of many mushroom shaped

nodules, with regularly spaced openings on their surfaces. Cal-

cification fronts of opalescent teeth were composed of irreg-

ularly spaced, small nodules, which varied greatly in size one

from another; the nodules lacked tubule openings on their sur-

faces.

The results of this study support the concept that two

autosomal dominant 0.1. syndromes exist, one in which all in—

dividuals with 0.1. have normal teeth, and the other in which

all with 0.1. have blue or brown opalescent teeth.
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INTRODUCTION

Osteogenesis imperfecta (0.1.) is a group of heritable dis-

orders of connective tissue characterized, in general, by bone

fragility, blue sclerae, hearing impairment, dental anomalies,

ligamentous laxity and cardiovascular abnormalities (].) . Con-

siderable interfamilial phenotypic variation has been noted,

suggesting that several 0.1. syndromes exist. Several clinical

classifications have been proposed (2—9), but none is definitive,

primarily because the biochemical defects are unknown.

Abnormalities of the dentition, although well known fea-

tures of some types of 0.1., have usually been neglected when

formulating a clinical classification. The teeth in some pa-

tients with 0.1. are blue or brown and opalescent. They have

particular radiologic abnormalities including bulbous crowns.

constricted coronal—radicular junctions, and partially or corn—

pletely obliterated pulp chambers and root canals (10). Levin

et al. (11) described consistent dental findings in families

with autosomal dominant 0.1.: in one group of families, all

patients with 0.1. had opalescent teeth; in another group of

families, all patients with 0.1. had normal teeth. These in—

vestigators suggested that at least two different autosomal

dominant osteogenesis imperfecta syndromes exist, based on the

presence or absence of specific dental abnormalities.

In order to test this hypothesis more accurately, scanning

electron microscopy (S.E.M.) was performed on teeth from each

group. These studies allowed for a more refined definition of

the dental portion of the phenotype.

MATERIALS AND METHODS

Twenty-f ive exfoliated or extracted dec iduous and per— 

~~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~—-- - - --—-~~~~~~~-~~~~~~~~~-~~~ ~ --
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manent teeth were collected from 16 members of 7 kindreds with

autosomal dominant 0.1. Nine of the 25 teeth were from two

families whose members with 0.1. had normal teeth on clinical

and radiologic examination. The remaining 16 teeth were from

5 families with OX ,  whose affected members had opalescent teeth.

All except four of the patients who donated teeth had previously

been examined by one of us (L.S.L.). History obtained on the

four unexamined individuals was sufficient to confirm the di—

agnosis of 0.1.

Teeth were radiographed to locate the pulp chambers and

root canals. The teeth were fractured longitudinally through

their pulpal spaces where possible, deproteinized using 5%

sodium hypochlorite, dehydrated through a graded ethanol series,

mounted on aluminum stubs, sputterer_coated* with a 100—200 A

thick layer of gold-pallad ium, and examined using a AMR scan—

fling electron microscope.** Teeth without radiographic evidence

of pulp chambers or root canals were fractured as closely as

possible to where a pulp chamber and root canal would have

been expected to be.

Nine opalescent teeth (f ive deciduous and four permanent)

and four normal teeth (two deciduous and two permanent) from

patients with 0.1. were decalcified in 4.13% ethylenediamene—

tetraacetic acid (12), dehydrated through a graded ethanol

series, infiltrated with amyl acetate and critical point dried

in liquid carbon dioxide.*** The specimens were then mounted

*}ft,~~~~~~~~~ I Sputterer Coater, Technics, Inc., Alexandria, Virginia.

**AMR 1.000 Scanning Electron Microscope. AMR Corp.. Bedford,
Massachusetts.

***Samdri PVT-3 Critical Point Drying Apparatus, Tousimis Research
CorporatLon, Rockvill•, Maryland .
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on aluminum stubs, sputterer-coated and examined using S.E.M.

for the purpose of evaluating the morphology of the dentin—

enamel junctions. Deciduous and permanent teeth from 1.2 in-

dividuals who did not have 0.1. served as controls; these teeth

had either exfoliated normally or had been removed for ortho-

dontic or periodontic reasons.

RESULTS

No differences were found on S.E.M. between the enamel sur-

faces of opalescent and nonopalescent teeth from patients with

0.1., and teeth from controls, nor were abnormalities of prism

organization seen on fracture planes.

The fractured dentin surfaces of deciduous and permanent

teeth from patients with 0.1. whose teeth were clinically and

radiologically normal were similar (Fig. 1). The dentin tubules

were evenly distributed , parallel to one another, and coursed

regularly from the dentin—ename l and dentin—cementum junctions

toward the dentin-predentin interface. In contrast, the number

of dentin tubules seen on fractured dentin surfaces of deciduous

and permanent teeth from patients with 0.1. whose teeth were

opalescent was markedly reduced (Fig. 2). In some opalescent

teeth, remnants of dentin tubules were difficult to find. Tu—

bules were narrow, short, tortuous, and scattered haphazardly

throughout the dentin surface. No normal mantle dentin was

found.

Calcification fronts of deciduous and permanent teeth from

patients with 0.1. and normal dentitions were composed of many

mushroom-shaped nodules with regularly spaced tubule openings

evenly distributed on their surfaces (Fig. 3). Calcification
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front morphology was similar to control teeth. The calcifi—

cation fronts of opalescent teeth, on the other hand, were com-

posed of irregularly spaced smaller nodules markedly dissimilar

in size from one another, and lacking openings for odontoblastic

processes (Fig . 4). The calcification fronts of carious control

teeth were similar to those in opalescent teeth; however in con—

trol teeth, only the portion of the front adjacent to the carious

lesion was irregular (Fig. 5).

The fractured dentin surface of a fully developed, impacted

maxillary second premolar from a patient with 0.1. and opalescent

teeth had abnormal and sparse tubules, similar to those found

in erupted teeth of other patients with opalescent dentin (Fig. 6).

However, the calcification front was similar to that found in

normal teeth (Fig. 7). On radiographs, the pulp chamber was

obliterated but the root canal was patent. All three of the

other teeth from this patient examined as well as one deciduous

tooth from a relative had the previously described scanning elec-

tron microscopic findings of opalescent dentin. No other im-

pacted teeth from patients with opalescent dentin were available

for study. -

The predominant feature of the dentin—enamel junctions after

decalcification with EDTA was an array of interconnected, elevat—

ed ridges or scallops (Fig. 8). The scalloped structures were

confined to the middle and incisal dentin surfaces and were absent

from the gingival region. These ridges were more prominent in

the permanent than in the deciduous teeth (Fig. 9). There were

no differences in the size or number of scalloped structures

—S  —-~~ —• — —.. - -—S~~~~ -~~~~-- -.— -~
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between control and opalescent teeth (Fig. 9).

DISCUSSION

The scanning electron microscopic findings on teeth from

patients with 0.1. support the clinical observations of Levin

.~~~~ et al. (ii) that two autosomal dominant 0.1. syndromes exist,

based on the presence or absence of opalescent teeth. That

is, clinically and radiologically normal teeth from families

with 0.1. are normal on S.E.M.. while opalescent teeth have

few dentin tubules on longitudinal section, and have morpho-

logic abnormalities on their calcification fronts. Whether

these two 0.1. syndromes are determined by mutations at dif-

ferent loci, or are allelic disorders is unknown. Linkage stud-

ies and determination of the basic biochemical defect(s) will

aid in resolving this question.

Scanning electron microscopic findings on one tooth from

a patient with 0.1. and opalescent teeth have previously been

reported (13). Reduction in size and number of dentin tubules

was noted. Since the calcification front was not described in

that report, and the mode of inheritance was unknown, further

comparisons with our findings are not possible.

The calcification front of one impacted opalescent tooth

studied was indistinguishable from controls. However, its

fractured dentin surface resembled that seen in erupted opales—

cent teeth. These findings were interpreted to mean that nor-

mal numbers of odontoblasts function during development of opal-

escent teeth and that the dentin tubules are occluded subse-

quent to primary dentin production which is initially morpholog—

LA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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ically normal. Our observations also ind icate that obliteration

of the pulp chamber prior to eruption is not dependent on erup—

tion or post—eruptive forces. However, since only one impacted

tooth was evaluated, further studies are necessary.

Reparative dentin under carious lesions may resemble the

calcification front in opalescent teeth, so findings in this

region may be difficult to interpret. On the other hand, frac-

tured dentin surfaces of opalescent teeth are distinctive regard-

less of caries or eruption status, and therefore are the more

definitive for diagnostic purposes.

Opalescent deciduous teeth in patients with autosomal domi-

nant 0.1. wear more easily than normal (14—16). Levin et al. (17)

examined 13 children with 0.1. and opalescent primary teeth and

noted that 12 had abnormal occiusal wear at least on deciduous

incisors. The one child without unusual wear was one year of

age and had four erupted deciduous incisors only. Of the seven

children with 0.1. examined who had clinically and radiologically

normal teeth, none had abnormal wear. Attrition has also been

described in teeth of individuals with dentinogenesis imperfecta

(D.I.) without 0.1. (10,18,19). The clinical and radiographic

features of the dentition in DI . are similar to those found in

0.1. although- the disorders are genetically different (10). On

light microscopy, teeth from patients with D.I. are said to

have reduced or abnormal scalloping at the dentin—enamel inter-

face (20). The presumed lack of scalloping is believed to re—

suit in loss of mechanical retention of the enamel. Consequently,

the enamel fractures easily and leaves the dentin exposed to

chewing forces (21,22). Rapid and excessive wear then occur.
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Since a similar mechanism could be responsible for the wear

found in opalescent teeth in patier~ s with 0.1. (23), dentin—

enamel junctions of opalescent teeth were examined. No differ—

ences in the scalloped dentin surfaces were noted betwsen opales-

cent and normal teeth from patients with 0.1. and controls. Our

findings in teeth from normal individuals confirm those reported

by Whittaker ( 24) .  There fore , enamel loss from opalescent teeth

in 0.1. is not likely initiated by fracture between the enamel

and dentin since no morphologic abnormalities were found at the

dentin—ename l junction. Fracture elsewhere, either within the

abnormal dentin as proposed by others (25), or through the enamel

which, although normal on SEM, may have a molecular defect, are

alternative hypotheses.

Witkop and Rao (10) have reported that opalescent teeth

in patients with 0.1. which develop early in life are more sever-

ely affected than those which develop later. Using S.E.M., we

were unable to confirm the ir observations and found all opales-

cent teeth examined to be similar.

~~A i - - - S ~~SS - •~~~~- - ~~~~~~~~~~~~ S_A



_ _ _~ S-~ _•___~ _ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 
~
__

~~~~~~~~~~~~ __S~~~ 
- -

~~
-

~~~~~ 
- - 

- 5 - - -~~~~~~~~
- -

—10—

ACKNOWLEDGMENT S

This project was supported , in part, by a National Institutes
of Health Research Career Development Award 1(04 DE00021 (Dr.
Levin).

The authors thank SP4 Juan Morales, Mr. Walter Gray, Ms. Susan
Piniecki and Ms. Patricia Rocks for their technical assistance,
as well as the patients who partic ipated in the study.

MILITARY DISCLAIMER

The op inions  or asser t ions con tained her e in ar e the priva te views

of the au thors and are no t to be conscrued as r e f l e ct ing the vie w

of the Dep ar tmen t of the Army or the Depar tmen t of Def ense .

HUMAN USE STATEMENT

Tee th specimens were from a col lec t ion at the Johns-Hop kins Hosp i-

tal . Electronmicroscopy was performed at the Unitea States Army

In stit u te of Den tal Research .  The inve stigation was approved by

the Committee on Investi gations at the Johns-Hop kins Hospit al.

All pa tients signed a human-use consent form . 

- . -



_ _ _  _ _ _

—11.—

R EFERENCES

1.. McKusick VA: “Heritable Disorders of Connective Tissue.”

St. LOUIS : The C.V. Mosby Co., 1972, pp. 390-454.

2. Bau~e RJ, Smith R, Francis MJO: A new look at osteogenesis

imperfecta. A clinical, radiolog ical and b iochemical study

of forty—two patients. J Bone Jt Surg 57B: 2—12, 1.975.

3. Smith R, Francis MJO , Bauze RI: Osteogenesis imperfecta.

A clinical and b iochemical study of a generalized connective

tissue disorder. Quart J Med 44:555—573, 1975.

4. Ibsen 1(1!: Heterogeneity in osteogenesis imperfecta. Birth

Def: Orig Art Ser 5:140—144, 1969.

5. Francis MJO, Bauze RI , Smith R: Osteogenesis imperfecta:

a new classification . Birth Def:Orig Art Ser 11:99—102,

1975.

6. Sillence DO, Rimoin DL: The classification of osteogenesis

imperfecta. Lancet i:1.041—1042, 1978.

7. Falvo KA, Root L, Bullough PG: Osteogenesis imperfecta:

clinical evaluations and management. J Bone Jt Surg 56A:

783- 793, 1974.

8. Sillence DO, Rimoin DL, Danks DM: Clinical variability

• in osteogenesis imperfecta-variable expression or genetic

heterogeneity. Birth Def:Orig Art Ser 1.979 (in press).

9. Sillence DO, Senn A, Dank s SM: Genetic heterogeneity in

osteogenesis imperfecta. J Med Gen 16:101—116, 1979. 

-- ---_ -__ S - --SS -S~-_ —— 5 S . S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —5-_ •~~S —-S••-5—.S~~~- .~~-• _ _ _ _ _ _ _ _ _ _ _ _



—12—

10. Witkop CJ Jr. Rao S: Inherited defects in tooth structure.

Birth Def:Orig Art Ser 7(7) :153—184, 1971.

11.. Levin LS, Salinas CF, Jorgenson RI: Classification of

osteogenesis imperfecta by dental characteristics. Lancet

• i:332—333, 1978.

12. Warshawsky H, Moore G: A technique for the fixation and

decalcification of rat inc isors for electron microscopy.

S Histochem Cytochem 15:542-549 , 1976.

1.3. Skinner HCW, Bartz Z, Ladenbauer-Bellis I, Pooley A,

Albright JA: Scanning electron microscopy of osteogenesis

imperfecta and normal deciduous human dentin. J Dent Res

57:418—419 1978.

• 14. Bergman G: Studies on mineralized dental tissues. XIV.

The incremental pattern of the dentine in a case of os—

teogenesis imperfecta. Oral Surg 13:70—75, 1960.

/ I
15. Velley J: Etude clinique et genetique de la dentino—

gen~se imparfaite hereditaire . Actual Odontostomatol

(Paris) 28:519—532, 1974 .

16. Haye s FM, Blattner RI, Robinson HBG: Osteogenesis im—

perfecta and odontogeriesis imperfecta: clinical and genetic

aspects in eighteen families. J Ped 56:234—245, 1.960.

17. Levin LS, S~ 1inas CF. Jorgenson RI: Unpublished obser-

vations , 1978.



—13—

18. Bixler D, Conneally PM, Christen AG: Dentinogenesis im—

perfecta: genetic variations in a six—generation family.

S Dent Res 48:1196—1199, 1969.

19. Mars M, Farrant S, Roberts GT: Dentinogenesis imperfecta.

Report of a 5—generation family. Brit Dent 5 140:206—209,

1976. -

20. Witkop CS, Jr: Hereditary defects of dentin. Dent d i n

NA 19:25—45 , 1975.

21. Alley TR , Burkett LW: Hereditary opalescent dentine.

Ora l Surg 6:328—334 , 1953.

22. Hodge HC, Finn SB, Robinson HBG, Manley RS , Manly M LeF ,

Van Huysen G, Bale WF: Hereditary opalescent dentin.

III. Histological, chemical and physical studies. J

Dent Res 19:521—536, 1940.

23. Gorlin RI: Oral Syndromes. Chapter 26, In Tiecke RW (ed) ;

“Oral Pathology,” New York: McGraw-Hill Book Company

1965, pp. 657.

24. Whittaker DK: The enamel-dentine junction of human and

Macaca irus teeth: a li ght and electron microscopic study.

S Anat 125:323—335, 1978.

25. Bergman G, Engfeldt B: Studies on mineralized dental

tissues. IV. Biophysical studies on teeth and tooth-

germs in osteogenesis imperfecta. Acta Path Microbiol

Scand 35:537—548, 1954.

Li ~~~~~~~~~~~~~~~~~~~~ — - •~~~~~ -~~~~~~~~~— ~~~~~~~~ • - ~~ - -~~~~~~~~-~~~~• -- 



—14-
FIGURES

Fig . 1. Scanning electron micrograph (SEM) of the fractured

dent in surface of a mand ibular permanent f irst  molar

from a patient with 0.1. and norma l teeth. Dent in

tubules are parallel and evenly distributed . Or ig inal

• magnification 1600X.

Fig . 2. SEM of the fractured dent in surface of a primary cen-

tral incisor from a patient with 0.1. and opalescent

teeth. Dentin tubules are narrow, short , tortuous

and few in number. Original magnification 1600X .

Fig. 3. SEM of the calcification front of the dentin of a per-

manent molar from a patient with 0.1. and normal teeth.

Nodules of calcification are hemispherical. Patent

tubules are evenly distributed on their surfaces. - Ori-

ginal magnification ].SOOX.

Fig. 4. SEM of the calcification front of the dentin of a max-

illary permanent central incisor in a patient with 0.1.

and opalescent teeth. Calcification nodules are irreg-

ular and smaller than normal. No patent tubules are

observed . Original mag ification 1400X .

Fig. 5. SEM of calcification front of a carious tooth, im-

mediately beneath carious lesion. There are scattered

patent tubule openings. Original magnification 1440X.

Fig . 6. SEM of the fractured dentin surface of an impacted

maxillary second premolar from a patient with 0.1.

and opalescent teeth. There are few dentin tubules;
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numerous atubular spaces are present in the inter-

tubular dentin. Original magnification 1600X.

Fig. 7. SEM of the calcification front of the tooth seen in

Fig . 5. The front is similar to the front in normal

teeth (see Fig . 3) .  Orig inal magification l400X .

Fig . 8. SEM of the corona l surface of a norma l permanent max-

illary molar after decalcification with EDTA. Scal-

lop ing is the predominant feature of the middle and

occiusal regions of the dentino—ename l junctions.

Original magnification 30X.

Fig. 9. SEM’s of the middle third of the buccal surfaces of

teeth after decalcification with EDTA.

a. Normal permanent maxillary molar

b. Normal deciduous molar

c. Permanent mand ibular molar from a patient

with 0.1. and opalescent teeth

d. Deciduous incisor from a patient with

0.1. and opalescent teeth.

There is less scalloping of the dentin-enamel junction

in deciduous than in permanent teeth. Opalescent teeth

are no different from normal in the appearance of the

scalloping. Original magnifications 750X.

LàL _ _ _ _ _
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