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STUDIES ON MINERALIZED DENTAL TISSUES 

IN I'HOI>I'C'I'ION 

Osteopetrosis, or Albers-Scliiinherg disease, is a n  intereciting 
11eredil:iry disorder of the  skeleton. It :ippe:irs lo  be transiuittecl 
:is ;I siinple recessive mendelian ch:iracter a r i d  the  disease has 
not infrequently been observed in the offspring of p:irents who 
are closely related. The disturh:ince is often recognized a t  birth 
or soon :iftcrwnrds. 'l'he s y i i i ~ ~ t o i i ~ a t o l o ~ y  is related to t he  
fr:igility of hone ~ - the  sclerosis of the  ukeleton giving anemi:i 
- and to the  n:irrowing or tlie foraniina of  the skull leiidiiig to  
tle:ifness and inapnirnient of  yision. Skc1et:il r:itliogr:q)Iis from 
tlie skeleton in  cases of  osteopetrosis show wry tlense ;ind cha- 
rncteristic hone struclures. Microwopic cx:iiiiin:iIion of sections 
fro111 the long hones  rcwals calcified c:irtil:ige :ind bone Lisstie 
throughout !he whole ~iicdull:!ry c:tvily :ind l h e  coinp:ict hone 
ti.;sue consists 1):irlIy of i~nin:iturc co:irse-fil)rill:ir hone. In 3 

])re\ ious paper ( b,'n!y/ddl, Kngssfrdni  6 Zcf lcrs i iGin ,  1934) resuiis 
of :t 1)iophysic:il i nws t ip t ion  of hone tis4iie i n  osl wpetrosis ~ w r c  
prcscnlcd. A siutly of the elioloqy o f  Lhc :inetuin h:is :ilso been 
1 ~ ; ~ l o r t n e d  / Enylrbtlt, I i t i r l h r q  & X ~ ~ t / c r s f r i j i i 1 ,  1!)53). I t  w i s  

concluded lhnt in osleopclrosis Lhere is :t distnrl.):ince in the 
mecliaitistii leading t o  repl:icrinenl of ihc imiti:iinre hone tissue 
hg :idii!L h n c .  The hone (issue forined in this disease untlergocs 
reh i ld ing ,  but once foriiicd the calcified tissue reniains un- 
cIi:inged in lype, i x .  it does not (lcvelol) into mature bone. On 
the hisis of estiiii:ilions of the endogenous carbon nionoxicle 
produciion it w a s  concluded thal the nnemia occurring in c:ises 
of osleopetrosis is :it least partly of h:irtiiolgtic origin. 
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In the 1iter:itiire there :ire only ;I few descriptions of dent;il 
tissue in ostcopetrosis. According to Tliomrc ( 1950 1, who h:is 
revie\ved the liter:iture, the teeth :ire poorly calcified and suhject 
t o  caries. Delayed or incomplete eruption is  not iiiicoiiiiiion. 
Osteoiiiyelitis sets in easily in the J:iws in connection with caries 
and pulpitis. Cases Ii:ive been reported in which osteoinyelitis 
o f  the jaws wiis the c;iuse of death. A s  far  as  we are  aware  no 
histological clescription of the tlent:il tissues in c;ises of osteo- 
petrosis has been published. 

The  :iiiii of the present investigation is to give :I report  of the 
1iistologic;il ant1 iiiicror:idiogrnl,hic findings in dentnl tissue froiii 
;I r;ise of osteopetrosis. 

(:.ASE I ~ K ( X ) l ~ I )  

A f u l l  report on the clinical findings in this case h i s  :ilrcndy 
been published :inti only the m i i n  features will be iiientionetl 
here. ‘I‘he pi t ient ,  :I Iwy. w i s  0 ye:irs old when first  :idiiiitted 
to the  p:iedi;itric clinic :it Iiarolinslca sjulchuset. A t  the :ige o f  
10 iiionths :I slcelet:il tiise:ise w:is di:ignoseti and the ex:iinin:itioii 
disclosed features ch:irncteristic of osteopctrosis. At the use o f  
2 ye;irs the p;itient presented i inpir i i ient  of yision, :itrophy of 
both optic nerves, :ind :ineiiiin. On ex:iiiiination in the lxiediatric 
clinic when the 1)oy w i s  (i ycnrs he disclosctl :iiiiong other things 
severe anciiiia, aliiiost blindness : ind iuipiiriiient of 1ie:iring :ind 
also chnrnctcristic roeiitgcnogr:iiiis (Fig.  1 1 .  A hiopsy XIS mitle 

from the rib :ind histological f indings showcd features c1i:ir:ic- 
tcristic for osteopctrosis which w i s  :ilso thc case of the  iiiicro- 
radiogrniiis (Fig.  2 ) .  

I t  w ~ i s  :itso ot’ interest to note th:it only 7 tlccitluoiis teeth \vcrc 
present, n;iiiiclg the  upper incisors and first iiiol:irs and the 
lowcr left first iiio1:ir. All of theiii were dec:iged. No periiinneiit 
tceth were present. 

r;) (1 i o g r:i 1) hi c e s :I iii  in :it i on rcve:i I ed :i 1) 1 :is i:i of sc v c r:i I 
1)eriii;inent teeth, iiicluding the l o w w  premolars :ind cmines ,  
retention of i i iost of thc deciduotis teeth, delaycd developiiient 
o f  the  perinanent tooth gcriiis and iiiulforiiintion of the crowns 
of the upper 1)eriii:inent incisors. (On account of the p t i e n t ’ s  
hi condition i t  w i s  (1 

0 r;i 1 

icult to  obt:iin good s-r:iy pictures).  





Some inonths after this 1iospitnliz:ition the boy w:is readinitted 
because of  incre:ising :ineinia :ind :in :)cute :ilveolnr periostitis 
with fever. The periostitis was cured by :intihiotics. 

lIAI'EItIAL AND hII<'1'HOI)S 

The ii1:iteri:iI av:iilnble coniprises three deciduous teeth fixed 
in foriwilin (02+, +02 and +04) .  02+- was decalcified, eiii- 

bedded and cut for histologic:il exninin:ition while ground sec- 
tions 60--100 p in thickness were prep:ired fro in  the other teeth 
:rfter enihedding in methyl metucrylate. T h e  content :ind distribu- 
tion o f  iiiineral salts in the dental hard tissues were ileteriiiinetl 
by 1iiicror:idiographS. A Philips diffraction unit with :a copper 
target served a s  radiation source. The tube w a s  oper:itcd :it :I 

P.1). of 2.5 I<\' :it 12 111.4. The ground sections were mounted on 
thin inica sheets :ind plnced in close contact with the photo- 
graphic einulsion. The distance froiii focus to einulsion w a s  25 
cin. The ~nicror:idiogrniiis were registered on E:istiiinn 1 io t l : ik  
spectroscopic plates n r  649 \vhich h:iw :I resolving power o f  
about 1000 lines per 111111. l'hc iuicroradiogr:iils were cnl:irged 
by I)hotoiiiicro#r~ii)hy on  Kodnli 0 250 p1:ites. 

1tm"L'rs 
The three teeth h:id sevcr;il features in coiiinion. 
1. The roots presented superfici:il rcsorptions (Figs. 3, 1. i 

& 10) .  These resorption processes did not s h o w  the saiiie be- 
haviour :IS is noriiially seen in deciduous teeth during the erup- 
tion of  the pcrni:inent teeth. In the latter case the resorption 
usually starts ;it the root tip or in the bifurcation and proceeds 
towards the crown until the root is coinpletely resorbed. Instead 
the resorption in this case was o f  a widesprend type which 11i:iy 

occur in :issociation with osteitis o f  the jaws. A s  this patient 
had had several attacks of :i lwol:ir osteitis the :ibnorin:il root re- 
sorption iiiight h:ive been due to them, thus h:iving no direct 
con nec t ion wit h the s k e 1 eta 1 d i sea se . 

2. As is seen i n  the iiiicror:idiogrn~ns, there were in the crown 
dentine areas of poor rninernliz:ition (Figs. 4 & 6). These :ire:is 
in the dentine are norinally mineralized :it the age o f  8 1 2  
nionths. Although the position o f  the poorly 1niner:ilized tissues 
corresponds roughly to the tiiiie when the skeletal disease w i s  



STUI)IES OS YISEI{AI.IZED DESTAI. ’I‘ISSCliS 137 

diagnosed, it does not necesswilg nie:in that the disturbed 
riiinera1iz:ition was associated with that disease. Si1nil:ir chnnges 
:ire found in other disturbances of the mineral inetaholism - 

for instance in rickets. Cf. Westin’s  ”winter dentine” (1937).  
A prominent feature of the ii1icroradiogr:iiiis is the even and 

high miner:ilization of that p r t  of the dentine which was formed 
during the intrauterine life (Fig. 8). The s;iiiie is true of the 
en:iinel (Fig. 8). 

3. In the circumpu1p:rl dentine of the roots the tubules were 
scattered and irregularly twisted (stratified secondary dentine. 
Figs. 7 & 11) .  It is possible that this change has  something to  
do with the general skeletal disease; however, it iiiust be stated 
that siiiiilar changes iiiay occur as a result of local factors - 
pulpitis, for instance - or result from vit:imin C deficiency 
(West in ,  1931). 

In one of the teeth ceinentuiii caries was observed (Fig. 10). 
Heneath this lesion poorly mineralized secondary dentine was 
found with cell inclusions in the predentine zone (Fig. 12). 
Caries in the ceiiienturii is not a coiiiiiion feature in a six-year- 
old child and in this case it could perhaps be attributed to  the 
fact that the surface of the root was exposed as :I result of the 
alveolar osteitis. 

1)ISCCSSION 

I t  is of course not possible to  draw any definite conclusions 
concerning the connection between the skeletal disease and the 
changes in the dental tissue found in this case. However, with 
the :lid of the histopathological and microradio61.aphic investiga- 
tions of the teeth it is possible to date the following changes. 
About six inonths after birth there was a disturbance in the 
mineralization of the teeth; this was evident froin widened 
Owen’s lines, e:isily detected in the inicrorndiogranis (Figs. 4 
& 6) .  The s:iiiie disturbed niinernlizntion can also be traced :is 
hgpop1:istic pits in the enaiiiel of +02 (Fig. 9 ) .  During the 
following years the development of the teeth was :ippnrently 
noriiial until the roots were fully, or :illnost fully, developed. At 
:in age of about 4 years the deciduous teeth :ire usually fully 
developed. If it is assumed th:it the developnient of the roots 
in this case w i s  no inore rapid than is noriii:il, :I new disturbance 
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Fig. 7. 1,ongitudiiial ground section through the  l ingual  root of + 0 4 .  
Iic~sorption cavi t i r s  a long thr root surface,  in  part  filled w i t h  bonr tissuc. 

T h e  cireuinpulpal  dent ine  is of an i r r r g u l a r  type. 
4 0 X .  

Fig. 8.  Microratliogrnni of  t h r  cusp t ip  of 
fOJ. T h e  neonata l  l ine visililc as a Iiantl 
w i t h  low x-ray ahsorpt ion.  Thr  prena ta l ly  
forn i rd  enaincl  has  a h ighcr  x-ray al)sorp- 
t ion  t h a n  t h e  pnstnatal  rnnniel .  The super- 
I'icinl par t  o f  t h c  cna inr l  h a s  i i  high x-ray 
absorpt ion.  (Thc dark area i l l  t h e  lower  

riglit corresponds t o  t Iir tlcnt i n e ) .  
40 x . 
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1;ig. 9. 60  ,u thick ground sectioii through Fig. 1 0 .  1)rcalcifietl nicsio- 
+02. l'hr neon;ital l ine visible 11s a (lark t1rst:rl srcl ion through 0 2 + .  
hand in the  rii;imel. Hypoplastic pits in the Proximal  caries and caries 

en am el. i n t 11 1. i*c m e  n t 11 in wit Ii  SIT^ ntl- 
30 x . ;iry tlc~iitine form;itioii. \\'itlc*- 

spread siilicrficial ri*sorptioiis 
o f  t hr r o o t .  

' ix.  
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in the iiiineralized dental tissue occurred at the  age o f  about 
four to six. This disorder manifested itself :IS :I forni:ition of 
irregular dentine on the p u l p 1  w:ills o f  the root and a s  :I 
widespread surface resorption o f  the roots. These ch:inges iiiight 
have been c:iused by locnl f x t o r s  (pulpitis, :ilyeol:ir osteitis). 
The forni:ition of irregular dentine on the pulpal wills could also 
be espl:iined by general disorders such ;IS C-hyI)o\'it;iiiiinosis; 
howeyer, the possibility of the skeletal disense being directly 
connected with these ch:inges cannot be excluded. 

It is  generdly maintained that  p:itients with ostcopetrosis 
present definite chiinges in bone structure in all sl<elet:il p r t s  
that :ire fornied in rnrtilage. On the other hand, the nieinbranous 
bones such :is the flat segments of the skull are  :iltered little. 
l'hnt the dent:il hard tissues do not show such pronounced and 
ch:iructeristic fc;itures :IS certain p r t s  of the bone tissue i1i:iy 

be :rttributecl to  the s:inie factor :is the :ihovc-iiientioncd t l i f -  
ference. 

s I - N ~ l . A l ~ s  

1)ecitluous teeth froiii :I six-year-old bog with the clinical 
and histo1):ithological t1i;ignosis of osteopctrosis huvc been in- 
vestigited using histo1ogic;il : i n t i  iiiicror:itliogl.;ii)hic procedures. 
I n  the  crown dentine were found :ire:is with :I low degree of 
riiineraliz:ition corresponding to  the :ireas norninlly formed d ~ r -  
ing the age of 0- -12 iiionths. The roots showed widespread 
surfiicc resorptions while the :ipic:il parts o f  the  p u l p 1  \vnlls 
presented forination of i r rcguhr  dentine. The  findings ;ire dis- 
cussed from the  :ispcct of :I possible relationship to the skeletal 
disorder. 

%I'S.-\.\I~II:NFASSI.S~ 

STUDIEN AN MINERALISIERTEN ZAHKGEWEBEN 
HI. Verinderungen an den Zahoen in einern Falle von Osteopetrosis 

Die Milchziihnc eines sechsjiihrigen lin:hen, i i i i t  der klinisch 
und hist~putliologische gcsicherten Di:ignose einer Osteopelrosis, 
wurden histologisch und nii1~roradiogr~i~)Iiiscli untersucht. 13e- 
zirke des Kronentlentins, die noriiialenveise i i i i  Alter von 6 -12 
Xfonaten gebildet werden, zeigten einen n u r  gcringcn Miner:ilisn- 



tionsgrnd. Die \Vurzeln wiesen a n  der Oberfliiche ausgedehnte 
Hesorl’tioiisbe~irlCe auf ,  w d i r e n d  die :ipilc:ilen Anleile der IVlndc 
d e r h i  11) e nlc  a n 5 I e (tic I<i  Id u ng i r regu 1 ii re 11 1) e n  t i n s erli en n e 11 
lieqsen. Miigliche Zus:~~ i i~nenI i : in~e  zwischen dicsen I3eob:ich- 
t ti n ge n ti i i  d den  S t ii ru n ge n :I 111 SIC e I e t t we r de n di SIC u tier t . 




