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INTI\ODZJCTIOK 

For the formation of dental calculus, niicroorg:inisms :ire sup- 
1)osed l o  play :in iinport:>nt role. The hacteria are  thought to be 
of significance not only f o r  the organization of the dental plaque, 
which seems to be the first stage o E  c:ilculus forination, but also 
for the att:ichinent of the calculus to the surP:ice of the tooth. 
I n  addition, i t  h:is been suggested that the bacteria, through 
their growth and metabolism, produce conditions leading to the 
precipitation of certain specific inorganic sulls which enter inlo 
the structure of the dental calculus. However, it has recently 
been found that germfree animals :ilso show calculus-like depo- 
sits (Boer  & Newton,  1959; FitzgErnltl e t  nl., 1960; Gustnfsson c t  
Krnsse, 1962) indicating that the formation of dental calculi can 
occur in the absence of biicterin. This observation does not ex- 
clude bacteria froin taking an  active part i n  the ordinary process 
of calculus deposition. The possibility exists that another cal- 
culus forming iiiechanisiii is operating under sterile conditions 
compared to that iinderlying deposition in  the presence of the 
oraI niicroflora. In  such a case, however, one would expect the 
structure and composition of dental calculi laid down in the 
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presence or absence of iiiicroorS:aiiisiiis to be quite different. 
‘Hie scope of the present investigation is therefore to obt:iin in- 
forinntion :illout the constitution of tooth deposits froin germ- 
free and conventional rats. Such a knowledge should be of iiii- 
portance when evaluating the role of bacteria in dental calculus 
formation. 

I1lA’lWiIAL AND METHODS 

A detailed description of the methods used for the rearing of 
the geriiifree rats used in this investigation has  been given else- 
where (Gristafssori & Zlmssc, lO(i2). Therefore only a short 
review of these methods is given here. 

The germ free rats were reared :iccording to the iiielliods of 
Gzisttrfsson ( 1948, l!kj9). They were given the semisynthetic 
diet I> 7 (Grtsfnfsson, 1959) :it id water ad libitum, and the m i -  
iiials were iiiuintninetl on this diet from weanins for various 
periods of time. Tw) groups of conventional ra ts  were included 
in the study. The first group ( C  I )  was given the saiiie sterilized 
diet :is the geriiifree rats. Hy autoclaving, the diet formed ;I caIte 
which was rather tough and required inore masticatory effort 
than the saiiie non-sterilized diet given to the second conventional 
group of rats (C 11). The gernifree and conventional rats which 
were fed the sterilized cake-type diet had less calculus than the 
conventional rats, which were given the soft, sticky non-steriliz- 
ed diet. After sacrificing the rats, the heads were autoclnved and 
the jaws dissected. Calculi nppenred mainly on the inesial and 
buccal surfaces of the m:ixillary first nio1:irs. From each group 
of  rats three to four molars from different aniiiials were ran- 
domly taken for examination in the light microscope (transniitted 
and polnrized light) and for 1iiicror:Ldio~r:iphic~il studies. For 
this purpose plano-parallel sagitt:il ground sections of the feeth 
were made, having :i thickness of about 80 p .  Contact microradio- 
grams were recorded on Kodalr Maxiniuin Resolution plates using 
V-filtered Cr-radiation from :in x-ray tube operated :it 20 ItV 
:ind 20 iuA. The use of Cr-radiation made it possible to determine 
very siiiall absorption differences within the specimens. 

X-ray crystallographic examination was perforiiied on siiiall 
fr:iguicnts of calculi dissected froin the main tooth deposit. Fire  
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to six of these speciniens were investigated from each group of 
ra ts  using a niicro x-ray diffraction camera. Ni-filtered Cu-radia- 
tion was used in every case. In  addition, spot test analyses were 
made within the ground sections from conventional rats in order 
to get information about the coinpositional homogeneity of the 
calculi. 

RESULTS 

In Fig. 1, representative ground sections of dental calculi 
:illached to the first maxillary molars froin germfree and con- 
Yentional rats ( C  11)  can be seen in tr;rnsinitted light together 
with their x-ray absorption pictures. The regular internal struc- 
ture characterizing deposits from germfree rats is apparent from 
Fig. 1 a. The calculus is built up  of thin parallel lamellae (about 
0.5-3 p )  extending parallel to the enamel surface and following 
the contours of the latter fairly well. The distribution of mineral 
salts is seen from Fig. 1 b. Tnlten as :I whole the degree of ini- 
ner:ilization is slightly lower than that of the dentin and thus 
amounts to about 40 per cent by volume. However, striae having 
:I somewhat higher mineral content :ire observable and correlate 
with the lainellar structures seen in transmitted light. Froin 
these findings it is clear that the calculi from gernifree rats here 
cx:iinined are composed of laniellar sheets of varying mineral 
content running approxilnately parallel to the enamel surface. 

Calculi from both groups of conventional rats show essenti- 
ally the same basic internal structure as those of germfree rats. 
The lamellar structure is always present but seems to be less 
regular and occupies the outer part of the deposit (Fig. 1 c ) .  
The central or innermost part of the cnlculi examined are  coiii- 

posed of structureless masses surrounded by a network of organic 
material as shown by its very low x-ray absorption. The overall 
mineral content i s  about the same as for calculi from germfree 
rats and, within the lainellar part of the deposit, striae having :I 

higher mineral content are also observable (Fig. 1 d ) .  Agaill 
there is a good correlation between the lainellnr structure seen 
in the niicroradiogr:im and that in tr:insmitted light. Compared 
to calculi froin gernifree rats, the inineralization pattern is less 
uniform. I t  is noteworthy that  a narrow zone bordering thc 
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Fig. 1, a--1. Light ~ i ~ i c r c ~ s c o ~ ~ c  ;ind s-ray absorption pictures of  ground sagittal 
sections of dental ca lcu l i  attached to t l ic  first masil1:uy molars of grr~nfr i~c  
( i i ,  1)) ; t i id  convc~iitional ( c ,  (I) rots. Sotc the regular iutcriiol structure of the 

clciital ctilculus of a geimifrrc origin, X 131). 
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enamel sui-face within the calculus shown in Fig. 1 d has :I 

slightly higher niineral content than the deposit a s  a wholc. 
This finding might be associated with the fact that the deposits 
from conventional rats seemed to be inore firinly attached to  
the enaiiicl surface than the calculi of :I germfree origin. 

The x-ray diffraction exaniin:ition of intact calculi specimen.; 
froin gernifree and conventional rats showed tlie presence o f  
poorly crystalline apatite in a l l  cases. As judged from the diffrac- 
tion patterns the apatite cryslallites hod about the saiiie tlinien- 
sions as in bone and dentin, i.e. thin rod-shaped particles a few 
hundred b in length. Using the niicro x-ray diffraction technique, 
efforts were niadc to denionstrate orientation of  the crystallilcs 
within the latnellar structure of tlie specimens. However, no 
preferred orientation could be observed. Exaininntion of siii:ill 

regions within the central parts of the section seen in Fig. 1 c :ind 
t l  also gave an apatite pattern thus demonstrating the coniposi- 
t i ond  homogeneity of the c:~lculus. 

One of the deposits froin :I conventional rat showed n SOIIIC- 

what different structure (Fig. 2 a, b) .  Under the polarizing micro- 
scope strongly birefringent crystals were found within :I rntlier 
sinall region of the calculus. The crystals were composed ol' 
very thin flakes and showed distinct extinction positions indic:rL- 
ing that they were single crystals. This region also showed :I 

distinct border towards the inicrocrgstnlline apatite part of t l i c  
deposit. X-ray data reve:iled that these crystals were conipowl 
of calcite (C:iCO.j). 

n I o P i i Y s i c A L  STUDIES ON DENTAL CALCULUS 

I) I SC ITS S I O S  

The fact that dental calculus formation can occur in the :h- 
sence of bacteria seeiiis to indic:tte that iiiicr(jorg~~1iisiiis are no1 
essential in the process of calculus deposition. Other findings 
which lend support to this idea are the observations t h t  the 
frequency of the deposits is roughly the s:inie in geriiifree and 
convention:il rats fed exactly the s:itne diet (Gustaf'sson c t  ZLrc~sse, 
1962) and that a change in the oral niicroflora by means o f  
broadspectrum antibiotics does not exert any effect on calculus 
deposition ( F i t z g r m l d  e t  d., 1960).  The inorganic fraction of 
tooth deposits from germfree rats have previously been shown 
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to he coinposed of :rpatite (Fitzyernld & McDnnieZ, 1'360) and 
the results froin the present investigation thus confirm this fintl- 
ing. Dental calculi f roiii convention:il rats also contain a p  tite, 
perhaps occ:isionally in  conjunction with ~nacrocryst:illitie cnl- 
cite which was found in  only one case in this investigation. The  
more or less constant finding of :ip:itite as the single crystnlline 
phase in dental calculi from conventional ra ts  is noteworthy 
considering the various miner:il cotnponents frequently found in 
combination with apatite in calculi of human origin (e.g., whil- 
lockite, octocnlciuiii~)hosph:ite, brushite) . However, this finding 
niighl be explained in part by the f:rct that pH of rat saliva is 
considerably higher than that of  1iuin:in saliva (pH 8-9 coin- 
pared to 6.5 -7.5) and seldoiii f:ills helow 7 . 0  even after feeding 
a cariogenic diet (Htr ld i  e t  al., lNi0). This would favour tl icl  
1) reci pi t :i t ion of bn sic c:i I ciu I 11 plio spli:~ t e . Con se q uen t 1 y , the ex- 
pected inorganic calciniii~)liosl)li:ite to be found in c:ilculi f r o t ~  
gernifrec) rats is :ip:iLile, especi:iIIy since the possible intcr:iction 
from acid b:icteri:il inetnbolites is coinpletely eliniinated. 

On ;I ii1icroscopic:il level, dent:il calculi f ro i i i  germfree rats 
show a yery well-ordered internal structure as visualized by the 
ex:iminntion of thin ground sections in tr:insniitted light. The 
iiiicror:idiogr:i1,hic observ:itions ;ire in :igreemerit with this fintl- 
ins. The deposition:il iiiech:uiisiii underlying this phenonienoti 
is poorly understood. Howeyer, i t  seeiiis a s  if the process is of 
:i continuous character followed by a r1iythtiiic:il apposition of 
fresh c:tlculus in:iteri:il in the  form of thin lniiiellar sheets. In  
relation to the intern:il structure of dental cnlculi laid down in  
the presence of iiiicroorg:itiisins differences do exist. Reference 
has :ilre:idy hecn tiiade to the less regular I:rniell:rtion and iiiine- 
ral distribution and cerkiin structur:~l details probably associated 
with t li e m e t :I hol i sni :I nd grow t li of i 11 c orpor':i t ed hnct er in w i thin 
the deposit. However, taken :IS :I whole the structure and coin- 
position of denta l  calculi produced under geriiifree coiidilions 
:ind in the presence of bacteria show reiiiarlcable siiiiilnrilies 
which do not suggest a different iiiode of deposition under germ- 
free conditions. This also indicates the  subordin:ite role of micro- 
organisms in dental c:ilculus forination in the rnt. 
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SUMMARY 

Dental calculi froiii gerinfree and conventional rats were in- 
vestigated by means of light microscopy, inicroradiogrnphy nntl 
x-ray diffraction. Deposits of a gernifree origin showed a wcll- 
ordered internal structure of thin Iaiiiellar sheets of varying 
inineral content running approximately pnr:illel to the enamel 
surface. Calculi froin conventional rats had essentially the same 
basic internal structure hilt differed in having less regular lamel- 
lation, mineral distribution and microscopical appearance. l‘lie 
inorganic fraction of calculi froiii the different groups of rats 
were found to be apatite in all cases. 

RBSUME 

ETUDES BIOPHYSIQUES STJR I X  TARTRE DENTAIRE DE RATS DEPOUR- 

ORDINAIRES 
VUS DE MICRO.ORGANISMES, ET SUR LE TARTRE DENTAIRE DE RATS 

I h  tartre dentaire de rats dkpourvus de micro-orSanismes et 
du  tartre de rats ordinaires ont ktk examin6s par Iiiicroscopie 
optique, iiiicroradiograpliie et diffraction de rayons S. Les di.pi,ts 
t:krtriques provenant d’aniiiiaux dkpourvus de micro-organismes 
pr6sentuient une structure interne r6gulikre consistnnt en ininces 
enreloppes 1:uiiellaires a conteiiu Ininkral variable, disposkes a peu 
prks p;ir;illknient a la surface de l’kmnil. Le tartre provenant de 
rats  ordinaires prbsentait essentiellenient la n i h e  structure in- 
terne de base, mais se distinguait par une la~nellation iiioins rkgu- 
liere, ainsi clue p a r  une nioindre rbgulnriti! de 1:i rkpartition mink- 
r d e  et de l’aspect inicroscopique. On :I constat6 clue In fraction 
inorgnnique des dkp6ts provenant des diffkrents groupes de rats 
61:iil de I’apatite d a m  tous les c:is. 

%tJS.~AIJI~NFASSUN(; 

BIOPHYSISCHE STUDIEN OBE R ZAHNSTEIN BE1 BAKTERIENFREIEN 
RATTEN UNL) KONTROLLRATTEN 

Z ah n s t ein von halt t eri en f r eie n Hat t e n und Ko n troll ra t  t e n i st 111 it 
lichtniiltrosltopisclier Technili, mit Miltroradiographie und init 
Riintgendiffraktionstechnili untersucht worden. Zahnstein der 
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krakterienl'reien Katten zeigte eine gniiz gute innere Orientieruiig 
von diinnen Imiiellen ii i it  eineiii wechselntlen Gehnlt a n  Mine- 
Ixlien. Die 1,:iiiiellen wnren init der 0berfl:iche des  Zahnes unge- 
i'iihr parallel. Zahnstein der Kontro1lr:itten hnlte ungefiihr dieseibe 
innere Struktur. Die I,aiiiellen, die I'erteilung der  Mineralien untl 
clas ~iii l<rosko~~iscIie Aussehen w i r e n  aber Iiicht so regeliiiiissig. 
1) er m o  r g a n i sc hc I3e s t a nd t ei I d e s Z t i  h t i  s t ei lie s war i n a 11 e n  G r 111)- 

pen Apat i t .  


