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INTRODUCTLIOR

The term density, when referring to bone, has been imbued with =2
veriety of meanings. To some, density is the quality of radiopaqueness of
roentgenograns. To others, it is the mass-volume ratio of the organ bone.
gtill, to others, it is the mass-volume ratio of the tissue bone, or of
the inorgenic fraction., Density in the sirict sense is the ratio of the
mass of & substance per unit of volume. Precise use of the term ig a
prerequisite for accurate scientific communication.

Interest in bone tissue has increased tremendously in recent years,
yet relatively little work has been done in the area of physical properties
of dental bone. This interest has been stimulated b& greater activity and
research in skeletal tissue biology, metabolic bone disease and increased
demands in the field of geriatrics.

Dentistry has for some time made untested assumptions about alveolar
bone. It has been impliéd that the bone tissue of the retromolar area is
more dense than the bone of the alveolar areas and, thus, more resistant to

(1)

tooth movement, Reitan described from histologic sections three types
of bone of varying density.(z) The density variance was based on the'
relative number of marrow spaces present. He then correlated these three
grades of density to rate of tooth movement. In these examples, density has
been used to indicate x-ray mass or a histologic evaluation of volume
rather than sbsolute bone density.

| It is the purpose of this paper to investigate the absolute density of
mandibular alveolar bone of the human, whale and miniature swire. The

calcified matrix of bone tissue may encompass various spaces: osteocytle

lacunae, canaliculas, haversian, Vclkmann, primary longitudinal csnals and
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parrow cavities. To determine the absoluie density of bone, these spaces
cannot bé included in the measured volume., This study will use the water
displacement method and the air pycnometer to measure the absolute volume of
bone to calculate its absolute density. The results will then be related to
previously mentioned assumptions concerning bone density and compared with

the cell count per unit srea of zlveolar bone in these mammals.(a)
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REVIEW OF LITERATURE

Dental interest in alveolar bone density began aé early as 1891
when Guilford made gross observations of the human alveolué.(4) He observed
that the alveolus had a spongy inner structure contained within a cortical
layer. This cortex was more dense and harder on the outer surface than on

the inner layer.

In 1924, MacMillan x-rayed serial cross-sections of the mandible and
mexilla of man for & study of internel structure of alveolar bone.(s) He
showed variations within each arch and between arches. The areas that were
more resistant to the rays were labeled as the more dense bone. The spongy
internal structﬁre was least resistant. As the "closeness of the spacing"
increased in the cortex, the bone became more resistant to x-rays.

Strang used histologic investigaticns of bone to relate density 1o the
magnitude end the direction of occlusal masticatory force.(6) Hisvhistologic
interpretation indicated that the bone against which the force was exerted
was the most dense but least in buik. The bone on the side from which the
force was applied was least dense and greater in bulk.

Salzmann, using histologic and roentgenogrephic data, stated thét the
density, hardness and texture of osseous structure of the mandible varies.(7)
Variations in the trabecula between cortical plates are produced by the
normel functional requirements of the jaw. The lability of bone tissve allows
variation of density to be produced under the influence of systemic control
mechanisms, such as nutrition and endocrine funcition. The manner in which

bone quality is affected by these mechanisms is dependent in which direction

equilibrium is disturbed, resulting in apposition or resorption of bone,
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Provenza illustrated with roentgenograms and Parasagittal Whole bone
goction of maxilla quantitative differences in trabeculation and variations
i1 caliber of the slveolar bone within the arches and between the mandible

(8)

/ ; s
It is evident in the sbove reports that observed density variations are

&fld maxillac

the basis for the statements. They also illustrate the varied meznings of
the term density to the authors. The majority of the authors do not define
the term density with consistency or precision,

Some early work on a method of Precisely zeasuring density was done by
Todd.(g) This was a radiographic comparison method, utilizing & density
gauge to compare with the degree of radiopaqueness of the film., The step
vedge was an aluminum bar of calibrated varying densities which was placed
on the film holder and exposed at the same time skeletal tissue was X-rayed,
The degree of radiopaqueness was then reported asg density, dependent upon
its correlation with an area of the gauge,

Othef investigators have used & gravimetric method of water displacement
to determine bone volume in g density calculation.(lo’ 11) The specifie
gravity of the bone samplé is calculated in metric units according to
formulae from its weight in air and loss of weight in water, The specific
gravity is the ratio of the density of the body to that of water at four
degrees centigrade. The density and specific gravity ars equivalent in the
metric system gt four degrees centigrade since the density of water is
€reatest at that temperature, And, therefore, tﬁe mass of the sample diviged

by its volume ig the relationship ugec.
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Trotter et al consideéed density to be the weight per unit volume and
+,0 volume of the organ bone was determined by the amount of miilet seed
iisplaced from a graduated cylinder, or calibrated container of sufficient
gize to accommodate the bone.(lz) The weight in grams was then divided by
1no measured volume in cubic centimeters to give the density of the sample,

A method of mathematically computing the volume of the holes in a
sorial section of a bone sample was uséd by Johnson.(13) The area of 21l
spaceé was computed and this figure was multiplied by their respective
dapths; This computed volune of'the spaces was subtracted from the totsl
external volume of the slides 4o give the absolute bone volume which was
then used to compute the density.

Felts and Spurrell utilized a photodensiometer scanning of standardized
radiographs of whale humeri to express structural density - bone per unit
volume -~ of wvhale serial sections.(14) The density determined by this
rethod was compared with the absolute density, actual weight per volume of
the serial sections.

It is evident in the majority of the reports desling with alveolar bone
and supporting structure that a varied meaning of the term density exists
beiween authors. These authors do not define the term density with consistency

or precision,
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METHODS AND MATERTIALS

A. Sample Description.

The human samples were obtained from the mandibles of ten adult cadavera
in the University of Oregon Dental School enatomy laborstory. A sample was
taken.from each of the mandibles in the right and left alveolar and retro-
molar areas. These samples were then prepared by removing the periosteunm
and cortical bone prior to any determinations. The alveolar samples included
alveolar bone proper and supporting alveolar bone from the cuspid area. The
retromolar samples included supporting alveolus from the third molar sreas.
Each test on human material in this study was performed on ten samples,

The whale samples were obtained from six alveolar areas of adult sperm
whale mandibles obtained from a commérqial whaling station., The samples
were prepared in the same manner as the human material. FEach test on whale
material was performed on two samples from each of the six areas.

The swine samples were obtained from the slveolar and retromolar areas
of the mandibles of three miniature swine used in the animal experiment
section of the University of Oregon Dental School. These samples were
prepared in the same manner as the human samples. Each test in this study

was performed on two samples from each of these areas.

B. Definitions.

1, Absolute bone density - The ratio of the mass of bone to its absolute

volune,
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. Abaolute bone volume - The external velume of & bone semple minus the

“yolume of jts contained spaces.

Alveolar bone = The portion of bone in the maﬁilla or mandible which

contains the teeth.

4. Alveolar bone Proper - Cribriform plate of the alveolus.

Alveolar trabeculation - Spongy diploe of the alveolus.,

6. Alveolar cortex = External cortical plate.

Te Inorganic fraction - The calcified portion of the bone that remains
after all lipid and protein material has been removed.,

8., Organic fraction = The elements enclosed in lipid free bone that are

not calcified.

9, Organ bone = A structural unit of the skeleton.

10, Tissue bone - The organic matrix with the cells of bone and cementing

substance.

¢. Sample Handling.

Lipid material was extracted from the samples in & Soxhlet extractor
(Figure 1) using petroleunm ether. Each extraction consisted of 150 cycles
followed by a distilled water rinse of 150 cycles.(15)

Protein material was extracted in the goxhlet apparatus with 80%
rqueous solution of ethylene diamine. The extraction sequence consisted of
two 150 cycle extractions separated by one and followed by twe distilled
water rinses of 150 cycles‘each after the metgod of Gong.(lo)

Dehydration cf the gamples was carried out in 2 100°C, oven until the

senples reached a constent weight after two weighings agreeing within limits

of the mass weighing eTroX.
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Soxhlet extractor,.

Figure 1.
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nandom samples were selected for multiple determinations to determine
o1 nccuracy of the calculated density. A dried bone sample was used for
s.aus error determination. A hydrated bone sample was used for mass volume
error determination. A standard steel ball reference unit was used for the

air pycnometer volume error determination, (See Table 6.)

b, Description of Air Pycnometer QOveration,

The air pycnometer used to obtain direct volume measurements of the
samples was a Beckman Air Pycnometer Model 930 (Figure 2), This is =
ranually operated instrument that measures the volume of porous, irregularly
shaped solids, rapidly and precisely. After a short period of familiarization,
an operator can obtain measurements repeatable to better than + 0.05 cubic
centimeters., Calibrated stéel balls supplied with the instrument are.the
standards on which this wag attained.

The principle of operatipn is a direct reéding gauge that is an indicator
of the differential in pressures betweén the reference cylinder and the
ngasuring cylinder,

There are two cylinders, reference and measuring (Figure 3). For
descriptive purpose suppose there is no sample in either cylinder and the
volumes are equal. If the coupling valve is closed, any change in one
must be duplicated by an equal change in the other to obtain equal pressures
on each side of the differential pressure indicator. If, however, a sample
is introduced in the cylinder and both pistons are advanced the same amount,
the pressure on each side of the indicator will not be equal. However, the
Pressure can be equalized by withdrawing the piston of the measuring chamber a

. L1
distance equal to the volume of the sample,
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SCHEMATIC SKETCH OF AIR COMPAR!SON PYCNOMETER

svcrn—-:h_______________l-
—

REFERENCE
PURGE CYL'NDER
VALVE [

COUPLING
il VALVE
DIFFERENTIAL
PRESSURE
INDICAT OR
MEASURING
CYLINDER

SAMPLE VOLUME IN cc
FROM CALIBRATED SCALE

Pigure 3. Schematic disgram of the Beckman Alr Pycnometer

Model 930,

-
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If the piston of the reference chamber is always advanced to the same
cesition, then the distance the measuring piston differs from it when the

§ressures in both chambers are equal will be proportional to the volume of

the semple,

Tnis distance between pistons is calibrated and made to read directly

in cubic centimeters on a digital counter.

Description of Runs.

=3

The samples were subjected to the following procedures:
. Samples were selected and prepared by removing periosteum and cortical
bone.
2. Lipid material was extracted with petroleum ether in the Soxhlet apparatus.
3. Samples were weighed in and out of water of known tempersture suspended
on fine wire,
4, The density of the hydrated sample was computed with the following
formulae,
Kags of hydrated bone = weight of blotted sample on Mettler Balance Type H6T
Volume of hydrated bone = weight in eir minus weight in H20
Mass divided by volume times spec., gravity temp. factor = density
5. Samples dried to a constant weight in a 100°C. oven.
& Weights of dehydrated samples determined,
7. Density of dehydrated sample computed with the formula:

Volume of Hydrated Bone - Mass of H20 loss = Vol. dehyd. Bone
(Mass of Hydrated bone - Mass of dehyd. bone = lass of H20 loss)

Mass of dehyd. bone divided by volume of -dehyd. bone = Density of dehyd. bone
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volume of dehydrated bone measured with the air pycnometer.

pProtein material extracted in the Soxhlet apparatus with ethylene
diemine. Figures 4 through 8.

Samples weighed in and out of water and density computed as in Step 4,
Samples dried to a constant weight in IOOOC. oven.

Dehydrated samples weighed and density computed as in Step T.

Volume of dehydrated samples measured with air pycnometer.

Density of organic fraction computed with the formula.

Lipid extracted dehydrated mass minus dehydrated weight of protein

extraction divided by volume of lipid extraction minus volume of

protein extraction.
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Figure 4. Human inorganic aleolar bone. Section of right
mandibular cuspid viewed from the mesial,
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3 Figure 5., Human inorganic alveolar bone., Section of right
| I retromolar area viewed from mesial,

[ 3



-

Wiy " S,

wa,-'«-w& o -}

P

- 10c =

O v Wﬂ“& *%
L& 7 & "
A A Y AR :
e 2 o,
“ - Al
AN b i
e TR PUR . T ). 1 i
\ 8™ ~ T
o !
T
S

Figure 6.

Swine inorganic alveolar bone.
viewed from mesial.

Section of molar
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Swine inorganic alveclar bone.

Section of

retromolar area viewed from occluso-mesial,



m..4:11 . ————————— = -
G
..;}!.ifrl.}yllttn{fkb
; B _
.‘ l/
: L '
h & . \
.
s
-~ ]
4 - L JEE
- i
b « p
& o
F - & . b
] * P Fl
P
Y - I ¥ 4 Py
# v a .
- | Z u 3 . - W ,&
. % »,
o - "
it el
I 4
¥ X i P i
@ . I &3 % &
(@] - J ,
— i “ 1 Y
] ~ o X
. b ™Yy
L il | b - !
Y g™ ‘
e B
. > - 2
e -
3 ¥
% L
y A
N
. e
4
>
f.ys!«.i!!&tl..l -

..,m h.n..ﬂ.u “.Ln.k E__ gwﬁ.‘u&ﬂm ﬁ%&ﬂ. ,ll.:w _1:] uﬂﬁg .1..ll ‘EI.J_ 1.! ‘mﬁh «ﬁ?::
) PR IR A SRR o My B SRS S N Wi B - o S v W et ; )
e = e s T

= » }

Section not

Whale inorgenic alveolar bone.

oriented,

Figure 8.



]

———

TR L S

PRy

i

A7 wsmemd

2

LY

20+

e

A 5 i
RESULTS

The data in Table 1 gives the mean densities of the inorganic bone from
the whale, human, and miniature swine. As these samples were treated with
ethylene diamine and all protein removed, the remainder represents the
inorganic fraction and not bone in the sense of bone tissue.

Table 2 contains the mean densities of the human alveolar and retro-
polar inorganic bone. These samples were likewise treated with ethylene
diamine,

T#ble 3 shows the mesn densities of lipid extracted human andehale
alveolar bone. This sample represents compiete bone tissue less the fat
content,

Table 4 represents the mean density of human and whale inorganic bbne.
Tnis ssmple is the same‘as that in Table 3 and this step was necessary to
calculate the density of the organic fraction as shown in Table 5,

Tables 6 through 10 represent error determinations and the statistical

survey used in this report.
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DISCUSSION

The term density in the dental literature is used in many different
vays with different meanings. One must carefully check each author's
definition of the texrm, or if not definéd, what is implied before drawing
conclusions. To complicate matters, the determination of sbsolute skeletal
density is made more difficult by the extremely small size of the canaliculi
spaces in bone which average about 0.5 micron in diameter., Hence, it seemed
desirable to search for a method other than water displacement for a
volume‘determination. The air pycnometer offers a rapid means of volume
determination with little difficulty of sample preparation.

The greatest source of error in the study was the inherent error of
the air pycnometer. This was too large to give accurate measurements of
small samples, so the sémples were pooled for measuring volumes with this
instrument.,

Failure to maintain a constant water level, thus a constant weight
of the wire carrier, in the water displacement weighings can produce
large errors. This was controlled in this study by using a pipette to
regulate the water levél to give a constant carrier weight.

Loss of part of the samples due to their extreme fragility could be
& source of error. It is very important to use the utmost care in
handling the samples to alleviéte this loss,

Dehydrated samples were kept in a desiccator jar at all times they were
not in the oven or on the balance. Neglect of this precaution will produce

érroneous mass determinations due to absorbed water,
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All procedures were performed whenever possible under controlled or
jdentical conditions to minimize error. If the conditions were altered on
subsequent procedures the appropriate correction factors were applied.
vor example, all density values determined by the water displacement method
wvere adjusted for water temperature according to published standards.(l7>

The absolute densjities of alveolar bone of three mammals, human, swine
and whale were determined by two methods, water displacement and the sir
prenometer. The densities of the inorganic bone of the three mammsls in the
hydrated and dehydrated state were reported. The density of the tissue bone
and the organic fraction of the human and vhale were determined. The
values of all these mean densities are reported in Tables 1 through 5.

The values of the densities determined in this study are in general
asreement with the values reported by other authors.(lo’ 11, 13, 14)
The values of the densities computed using volumes measured with the air
pycnometer are consistently higher than those determined by the water
displacement method. This could be expected considering the measuring
vrinciple of the instrument.

The eair pycnometer has a greater potential than water of penetrating
the small holes in bone. This factor would decrease the value of the
absolute bone volume. The bone mass is equal in both methods. Using the
density formula, density equals mass divided by volume, - the lower volume

values would give a higher absolute density value.

A statistical analysis using the t-test at the 1% level was performed

on the mean densities of the inorganic bone determined by the water displacement

&nd air pycnometer (Table 7). The hypothesis that these means were equal

%
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wny tested. Six of the eleven means fell within the critical region,
rejecting the hypothesis., The remaining five means were not significant
arnd the hypothesis was accepted.

The inconstancy of the findings of the statistical analysis and
the inherent error of the model 930 air pycnometer reduce the value of
tﬁis ingtrument in determining volumes in this type investigation.
The advantages of the alr pycnometer, direct and rapid measurement of
volume, are not sufficient to make it the method of choice over the
water displacement method. Investigations of the density of human
alveolar bone reguire the use of small samples and samples of this
size unless pooled fall within.the range of inherent error of the air
pycnometer,

A scatter diagram was prepared to show the relationship of the
mean density values of the fat free and inorganic samples. It showed no
consistant relationship éxisted and for this reason is rot included in
the data. This would indicate that the mass to volume ratio of the
organic fraction was not constant.

It has been reported that there is a 3.8 to 8 to 12 cell count
per unit area ratio for whale, human and miniature swine alveolar bone.(s)
If we relate this histologic data to the mean density values found in
this study, we find a relationship exists for the swine and human,
However the data of this study does not show this relationship for the
human and whale alveolar bone, This is also reflected in a comparison of

the mean density of the human and whale organic fractions.
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A t-test Qas used to test the hypothesis that the mean density of
h;zan glveolar and retromolar bone were equal, Tables 8, 9, At the 1%
1evel of significance none fell within the critical regiqn, the area of
rejection, so we can accept the hypothesis. Thus, in terms of the "null
nypothesis", these sample differences could be selected by chance, A
difference in bone densities cannot be demonstrated. Also, this could
sllow us to erroneously reject a true hypothesis by chance only one
time in one hundred. This allows rejection of an observed or assumed
c¢linical density difference. Neither our empirical x-ray observations
nor clinical tooth rate movement observations could be influenced by

rean density differences this'small.
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SUIMMARY

The term density has been used in a variety of ways by many authors

in the dental literature. However, it appears that to date, no one has

determined the absolutevskeletal denéity of alveolar bone. This study
concerned itself with density detérminations within samples of human
alveolus and between the human, whale, and miniature swine.

Two methods, gravimetric and an air pycnometer volume determinaﬁion
wvere used to coméare the density of lipid extracted alveolar bone, the
irorganic fraction, and thé density of the organic substance. Consideration
of errors, the ability to repeat the procedure as well as testing the
mean differences was employed and reported,

On the basis of this study, it would appear that no significant

dengity differences of clinical importance occur within the dental bone

of human cadavera.
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CONCLUSION

1, There is no significant difference between mendibular human retromolar
end alveolar bone density that could account for previously revorted

clinical phenomena in the dental literature.

The Beckman model 930 air pycnometer will not accurately measure

o]

individual samples of zlveolus but requires a pooling to allow an
gccurate volume neasuremernt., If the sample is large enough, the

instrument has some advantages over a water displacement method.

3, fThe limited sample of whale and swine appear to indicate that alveolar

bone density is independent of the type and amount of spaces in the

bone.,
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Water Displacement Air Pycnometer
Hydrated Dehydrated Dehydrated
Sample N Mean S Mean S Mean 3

Human
Right 10 1.8922 0.120 22325 0.250 3,6192 0.014

Human

Left 10 1.9133 | 0,028 | 3.,1031 | 0.267 | 3.5555 | 0.182
Whele 6 1.6405 | 0,095 | 3.0891 | 0,117 | 3.3906 | 0,010
Swine 3 1.6426 | 0,081 | 2.5547 | 0.272 | 3.4487 | 0.051

Table 1, Inorganic bone mean densities of mammalian alveolar bone,
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Water Displacement

Air Pycnometer

Hydrated Dehydrated Dehydrated
Sample N Mean 5 Mean S Mean S
Left
Alveolax 10 | 1.,9133 | 0.028 | 3.,1031 | 0,267 | 3.5555 | 0.182
Left
Retro-
molar 10 | 1.9179 | 0,064 | 3.1215 | 0.178 | 3.5916 | 0.010
Right
Alveolar 10 | 1.8%922 | 0,120 | 3.2%25 | 0.250 | 3,6192 | 0,014
Right
Retro-
molaxr 10 | 1.9225 | 0,010 | 3,1828 | 0,258 3.3928 | 0,022
Table 2, Inorganic bone densities of human alveolar bone.
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Water Displacement

Alr Pycnometer

Hydrated Dehydrated Dehydrated
Sample N | Mean ] Mean S Mean 3
Human 10 | 1.4277 | 0,101 | 1.8140 | 0.154 | 1.8560 | 0,002
Whale 6 | 1.4292 | 0,113 | 1,9386 | 0.434| 3.1876 | 0,068

Table 3., Mean densities of lipid extracted mammalien alveolar bone
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Water Displacement

Air Pycnometer

Hydrated Dehydrated Dehydrated
Sample N Mean S Mean S Mean S
Human 10 1,6824 | 0.057 | 2.5876 | 0.192 | 3.1430 | 0.017
Whale 6 1.6369 | 0.088 | 3.2214 | 0.114 | 3.3734 (').014.__—|
Table 4. Mean densities of human and whale inorganic alveolar bone.
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Organic Fraction

Sample N Mean S
Human 10 1.3276 0,195
Whale 6 1.2798 0,139

Table 5. Mean densites of computed organic fraction of

human and whale alveolar bone,
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Method N Mean S
Mass error
determination 10 0.1490 | 0,0001
Mass-volume error
determination 10 0.5571 0.001
Volume error determin-
etion with air pycnometer | 10 8.5745 | ©.,030

Table 6.

Brror determination.
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Sample

Human Alveolar - Lipid Free
Whale Alveolar - Lipid Free
Humen Alveolar Inorganic
Human Left Alveolar Inorganic

Human Right Alveolar Inorganic

- Human Left Retromolar Inorganic

Human Right Retromolar Inorganic
Whale Alveolar
Whale Alveolar
Swine Alveolar

Swine Retromolar

Significant at 1% level

Ko

Yes

Yes

Yes

Yes

Yes

Ko

Yes

Yo

No

o

Table 7. Comparison by t-test at 1% level of the mean densities of
bone determined by the water displacement method and the

air pycnometer,
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Samples Sisnificant at 1% Level
Left Alveolar and Right Alveolar No .
Left Alveolar and Left Retromolar ‘No
Right Alveolar and Right Retromolar No

Table 8.

Comperison by t-test at 1% level of the mean densities of
the hydrated human alveoclar and retromolar hone,
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Samples Significant at 1% Level
Left Alveolar anﬁ Right Alveolar No
Left Alveolar and Left Retromolar ‘ Nﬁ
Right Alveolar and Right Retromolar No

Teble 9. Comparison by t-test at 1% level of the mean densities of
dehydrated humsn alveolar and retromolar inorganic bone,



