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INTRODUCTION 

Assessment of the density i.e. the mineral content of bone, is of importance 
when bone changes due to local or systemic conditions are to be analysed. 
Most of the methods worked out for determining bone density in vivo are 
based on the transmission of polychromatic radiation as estimated by film 
densitometry. These methods have, however, many pitfalls and they require 
the use of special and somewhat complicated equipment. Simple thickness 
measurement of the cortical bone has given results comparable in accuracy 
with those obtained by densitometric methods and has therefore been the 
centre of clinical interest in recent years. Several such studies dealing with 
long limb bones and finger bones have been reported (Virtama & Miihonen, 
1960; Barnett & Nordin, 1960; Virtama & Telkku, 1962; Bernard & Laval- 
Jcantet, 1962; Virtama et al., 1963). 

On the bones of the jaws no corresponding studies have so far been re- 
ported. These bones would, however, be of special interest as their den- 
sities can be expected to undergo considerable changes with decrease of 
function when the teeth are lost. The structure of upper jaws makes them 
not suitable for this type of an investigation. The present study was there- 
fore undertaken to determine the correlationship between cortical bone 
thickness and density of mandibular bones. 

Received for publication, February 20,1969. 



410 AATOS K I M I N M  AND E H K K I  11.  T A M V I S A L O  

Fig. 1. Three simultaneous tomograrn srrtions of a mantlibular Imdy. 

MATERIAL 4 N D  METHOD 
, 7  1 he material coiiiprisetl ten mandibular bones removed post nwrtcm,  which, 
deriving from 7 males and 3 females, aged from 31 to 72 years, represerite(1 
various degrees of mineralization. The ma~iclibles were macerated, tlefattetl 
with henzol and sectioned bilaterally into mandibular bodies, rarni ant1 con- 
dyles. The mandibular bodies and rami were radiographed with a diagnostic 
X-ray machine by a unilinear tomographic technique. Three transversal 
sections were simultaneously recorded from each piece of bone (Fig. I ) .  
The distance from the focus to the point of rotation was 85 cin ant1 to the 
niiddlemost film 98 crn. The exposure factors were 75 kV and 125-250 
mAs. The film used was a Kodalc Crystallex fine-grained non-screen X-ray 
film. The tomograms obtained were magriified by using 4 fold lirlear en- 
largement on Kodalc radiographic duplicating film. The thickness of the 
bone cortex was determined arid expressed in the manner recommeiidetl 
by Virtanea et C L ~ .  (1962, 1963) in which the hone diameters as well as the 
area of their cortical layers were measured planimetrically from the enlarged 
images. By dividing the cortkal area by the total area of t.he transverse sec- 
tion of the bone and by multiplying this fraction by ten the cortical ratio 
was obtained. The arithmetic mean of the cortical ratios, shown by the three 
simultaneous tomograms of each mandibular body and ranius, was used 
in the statistical procedures. The accuracy of the planimetric determination 
of the ratio of the cortical area was studied. Triplicate parallel estimations 
were made from enlarged images of 10 body and 10 ramus parts chose11 at 
random. The percentual standard error in determining the cortical ratio 
was about 0.9 yo. 

The density of the bones was determined as described in a previous paper 
(Tummisulo & Kiminki, 1969) Bone density was considered to he an ex- 
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Fig. 2. Scatter diagram showing the correlation between the cortical ratio and the actual 
density (dry weight per volume) of mandibular bodies. 

pression of the weight of the bone per unit volume, not the specific gravity 
of bone substance, and the volume was considered to be all that which was 
enclosed by the surface of the bone, including both the bone substance 
and the marrow and other cavities contained within its surface. 

RESULTS 

The cortical ratios were plotted against the corresponding bone densities 
(Figs. 2 and 3). Because the material consisted of ten mandibles only, the 
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Fig. 3. Scatter diagram showing the correlation between the cortical ratio and the actual 

density (dry weight per volume) of mandibular rami. 

regressions were estimated separately for the left and the right mandibular 
halves and their combined regression line was then calculated. 

The regression equations obtained were as follows : 

mandibular body, 

X = 0.47 (Y--5.00) + 1.14 -Ji 0.07 
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mandibular ramus, 

X = 0.24 (Y-4.00) + 1.08 i 0.08 

where X represents bone density and Y the cortical ratio. The constants 
5.00 and 4.00 represent the rounded average values of the cortical ratios 
of mandibular body and ramus. Correlation coefficients were 0.94 and 0.90. 

DISCUSSION 

The present results show a highly significant correlation at the level of 
P < 0.001 between the cortical ratio and the dry weight divided by the 
volume of the bone. Furthermore, the results seem to indicate that the 
cortical ratio of the mandibular bone can be determined with great accuracy 
by the aid of the tomographic method adopted in this study. 

The cortical ratios obtained from mandibles showed considerably higher 
values than those reported for femora and finger bones. This suggests a 
relatively greater amount of compact bone in the mandible. A more interest- 
ing finding is that equal cortical ratios, not only of mandibular bodies and 
rami, but also of femora and finger bones, do not correspond to equal bone 
densities. This is due to a difference in the proportion of cancellous bone 
in different bones or parts of bones. The cortical ratio of a bone with a dense 
cancellous pattern is correlated to higher values of bone density than the 
equal cortical ratio of a bone furnished with a slighter amount of cancellous 
bone. 

As has been stated earlier, the dry weight of bone can be used as an esti- 
mate of the true calcium content (Telkka et al., 1962; Kiminki  & Tammi- 
d o ,  1969). In fact, a highly significant correlation could also be found 
between the cortical ratio and the actual mineral content of mandibular 
bodies and rami. On the other hand, however, the compact bone is not a 
sensitive indicator of demineralization (Cooke, 1955) and the range of in- 
dividual variations in the cortical ratio in larger populations will probably 
be considerably wide. Therefore, even if the cortical ratio provides an easy 
and objective means of assessing the average density of the mandibular bone 
in groups or relative changes in density of the mandibular bones of same 
individuals, not too much emphasis should be given to this factor as an 
indicator of the mineral content of the mandible in single cases. 
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SUMMARY 

For radiographic recording of the thickness of the cortical layer of ten man- 
dibular bodies and rami multisection tomography was used. Three trans- 
versal sections were simultaneoiisly recorded at each exposure. The tomo- 
grams obtained from the bone samples were enlarged to five times their 
diameters. The areas of the cortical spheres and the total areas of the trans- 
verse sections of the bones were planimetrically measured. The ratio of 
these areas multiplied by ten was used as cortical ratio of the mandibular 
bone. A highly significant correlation was found between the cortical ratio 
and the bone density (dry weight per volyme) of mandibular bodies and 
rami. The cortical ratio of the mandibular body, however, correlated to 
higher density values than did the cortical ratio of the mandibular ramus 
owing to the denser cancellous pattern of the mandibular bodies. 

HkSUMk 

LE RAPPOIlT CORTICAL COMME INDICATEUR DE LA TENEUR EN SUBSTANCES 

M I N ~ R A L E S  DE L’OS MANDIBULAIRE IIUMAIN. 

-4fin d’enregistrer par radiographies l’6paisseur de la couche corticale du 
corps de la mandibule et de la branche niontante, des tomographies B sec- 
tions multiples ont 6t6 ex6cutCes sur 10 mandibules. Trois coupes trans- 
versales ont CtC enregistrkes simultanhment lors de chaque prise de clich6. 
Les tomographies obtenues B partir des sp6cimens d’os ont 6t6 agrandies 
cinq fois. La surface des sphitres corticales et la surface totale des coupes 
transversales des os ont 6t6 mesurkes par planimktrie. Le rapport entre ces 
surfaces, multipli6 par 10, a Ct6 pris comme rapport cortical de 1’0s man- 
clibulaire. Une cordlation fortement significative a CtC trouvCe entre le 
rapport cortical et la densit6 osseuse (poids sec/volume) des corps tle la 
mandibule et des brariches montantes. Le rapport cortical du corps de la 
mandibule, cependant, 6tait li6 B des valeurs de la densit6 plus 6lev6es que 
celui de la branche montante, en raison de la structure plus dense de 1’0s 
spongieux dans de corps de la mandibule. 

ZUSAMMENFASSUNG 

DER KORTICALE KNOCHENANTEIL ALS INDICATOR DES MINERALGEHALTS IN 

DER MENSCHLICHEN MANDIBULA 

Fur die rijntgenographische Anfnahme der Korticalisdicke von zehn Man- 
dibula Kiirpern und Rami wurde die Multisectionstomographie bewendet. 
Drei transversale Schnitte wurden simultan bei jeder Belichtung aufge- 
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nommeii. Die Toinograinme der Knochenstuclte wurden zu 5 x ihrem Durch- 
messer vcrgrossert. Die liorticalen und totalen Flachen der transversalen 
Knochenschnitte wurden planimetrisch ausgeinessen. Das Verhaltnis dieser 
Fliichen rriultipliziert mit 10 wurde als korticale Ratio des Mandibula IGr- 
pers bezeichnet. Ein bedeutungsvoller Zusammenhang wurde zwischen dem 
korticalen Anteil und der Icnochendichte gefunden : (Trocltengewicht pro 
Volnmen) der Mandihula Kiirper urid Rami. Der Mandibula Korper war 
jedoch von grosserer Dichte als der Kamus wegen der rlichteren Spongiosa- 
strulitur des Mandibula Korpers. 
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