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1.

This report is intended to cover;

A) The first phase of a program of research to define
efficient methods of demineralization of bone while preserving
associated soft tissues. The lothodoloéy and sono-dati have
besn reported previously in a Pregress Report (under Contract
No, AT-(40-1)-1542), submitted to the United States Atomic
Energy Commission on September 15, 1953, Attention should bc
directed to this chort for explanation of the purposes and -

"~ outline of the wark of -hich this Roport gives the cenclnsieat.'

‘B) Certain prariannts ‘and results which concludi tho
determination of tho physical factors which .ppccr to opcrntc ,
‘:13 any notpod of,dcninoralizatien of bone. These .xp.:il!ntt ***z :
- ares .C,V"w Lo L ' o

1) An ixporilint to determine the effect of wiight upﬁh

- rate of demineralization, surface area being censtant.

2) An experiment to determine the sfficiency of certain
acids in removal of minersl from standard bone samples
and a determination of the amount of acid utilized in
removing mineral from the standard samples.

With the reporting eof these experiments, the first phase
of this program is closed, we believe, because the work to._ 
date has accomplished its major purpeses: a) to 1d§nt1fy the
physical factors basic {o‘nny demineralization process, and b)
to test these factors under controlled conditions to determine
something of the extent te which they influence demineralization,
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2.
Investigation of the nature of the processes by which deminerali-

zation occurs, therefore, is beyond thO‘icopo of this study.

EXPERIMENTS AND RESUL
1. Expe t_to ermine w
of deminerslization, surface sres being constant. |

This experiment was earlier toportod'in'thc.Progross'Roport
of Septenhcr 15, 19534(300 pp. 4 and 5 of that chart’, Ié the
previous oxporinhnt it was found that'thi amount of nih'ral
removed durlng some periods of the dtnint:alization procﬁts
exccadad the tctal waiyht los: of the bono uulplo. In cubsoqunnt
oxperinnnts on the effect of acid ccneontrttioa. 1t was fonui
that acid of low nolarity would producc this’ tffoet.» It uzt
suggested that this diffcronco in -'ight liqht be dui to tho ,
demineralized matrix taking up water in the pt’ﬂtnct of an neid
solution of low ionic ctrongth. )

In order to produce conditions which would more n.arly fit
those of its companioen experiment, that in which woight waﬁ_hl;ﬂ
constant while surface area was varied (sees Progress Roﬁért,.
p. 3), this experiment was repeated using 0.5 molar hydrochloric
acid rather than an acid solution of lower nolazity.‘

Wﬁ.&&s |

Samples were taken from thc sane part of the standard bono.
They were cut on a band saw and shaped for surface orca and
weight on coarse and medium mill bastards.» Iho faras used
were the cylinder and the bar. In the twe t:-plts thn surface
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. 3.
areas were made equal, but the cylinder had a weight 44X greater
than that of the bar,

Datas

Bar Cylinder
Weight 0.639 grams 1,129 grams
Surface area 4,60 sq, cm, 4,60 sq. cm,

The samples were placed in separate polyethylens céntainc:i,
each containing 100 ml. of 0.5 molar hydrochloric acid, The
containers were placed upon a roller agitator rovolving :t 8%
rpm. Temperasturs during thc experiment was controlled at "
5%, * 1° Weighings:and changcs of the dcninoraliziag .
“selution wer- mede at pre-determined intervals. calciun uad ,
phosphorus dotorninations were made upon nnch cf thc solutioal. :
For the Data, see Tables I nnd i1, :

‘ Rcsulsgz | - e R

As can be seen from the data in Tsble I, the weight lois of
the two bones was aboutchuil throughout the oxborinont.' The“'
average difference between the two samples in.woighf,lodl was
4.3% =~ within the error of the method of shaping the bpﬁcs to -
surface area. Also, it is to be noted that the diffcr;ncc |
betwaen the two bones in total mineral removed (Table II)
during the 8-hour period is of the same order - 33, .

Upon comparison of these results with those of thonxpcriannt
in which surface area was varied but weight was held constant,

it can be seen that the difference is strikings
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4,

Surface area varied - Weight varied
Weight constant Surfucc area constant
Difference in wt, 47% 4.3%

loss between bar
and cylinder

With reference to this experimeht, the following points

may be noted:
1, Varying the mass of the samples while holding the surface
area constant did not change the rate of demineralization
-during the 8-hour period. This is further confirmation that
" susrface area is a major limiting factor in demineralization,
2. The total weight of the aineral removed ‘from the sazples iz
| apprexinatcly aqnal rogardless of tho lats of the sauplat.
xperiment to determinme the cfficicnc
n_of certain gcids.

The purpose of this cxﬁqrincnt is to rank the acids more
commonly used aizdemincralizing agents in the order of their
efficiency as jqued by rate of removal of mineral from
standard bone samples. Earlier work of this kind was done on
rat femora (Piog?sss Report, pp. 21-23) which precluded the
element of control obtainable by the use of samples from the
standard bone, In addition, the wéiqht loss curves for the
bones in the various acid solutions did not exactly coincide
with the amount of mineral determined to have been removed,

Materials and Methods:

~ The acids used were: 'Hydrdchloiic, Nitric, Hydrobromic,
Phésphor1¢,‘Irich;o:oacétic, Formic, Lactic, Citric, and Acetic. -
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S.
The bone samples were taken from the same part of the
standard bone, They were cut on a band saw and shaped for
surface area and weight on coarse and medium mill bastards.
The samples thﬁs formed varied in weight between 0.400 grams
and 0,434 grams and in surface area between 0,218 sq. cm.
and 0.23% sq. cm, ' _
The samples were placed in 100 ml. of a 1 molar concantia-
tion of the acids in polyethylene containers and placed upon
a roller igitator revolving at 85 rpm. Tcuporataro:ddxiny-
the experiment was controlled at 25°C, : 1°, koigh;ﬁgg and;_‘ 
,changés of the solutions wezre made at prodofgrnincd'ihtorViii;:‘
Calcium and‘phoséhorus do;oraihations were made upon. each of
the selutions. Sa; Iablo;,lll.and IV for these data. 1507=
amount of acid used in théjdoiinoralizing process was
determined by titration against standard NaOH solution, (Table
V).
At the end of thé experiment, the samples were cleared
in beechwood creosote and cedarwood o0il, This rendered the
demineralized portion of the bone translucent and permitted
measurement of the depth to which the mineral had been removed,.
Results: | |
The acids used have been ranked in the following ways
:bolow for comparison. The acid at the top of each column
~ representing 'mpst; and that tt,ihe:boiton *least®,

" . -
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6.
Wt. Loss Penetration Mineral Removed Solubility Dissociation

of Ca Salt

HCl HC1 HC1 HNO4 HBr

HNO, HBr 'HNO, HC1 HNO,

HBr “N°5 HBr HBr Kl

Trichloro, HaPO, - Trichloro, Trichloro., Trichlore,

HaPO, »rrichloro; _'aspoh Acetic ‘;HsPod

Formic Formic - Formic ' 53994 P fo:nic‘

Lactic ‘Lactic. Lactic , Formic . Lactic
Citric | citric  Acetic  Lactic Citric

Aco}cic (Acetic - C:Ltric_ - _--Cunc o 'Acotiq -

In the nbove ranking, three divisions aro seen in the acid
'qroupu the strong -menl acids which u-e the most rapid
dcninoralizers, the second greup of acids which are primarily
organic acids and moderately rspid demineralizers, and finally
the wesk organic acids which are slow demineralizers.

Several common features can be seen in each group. In
the first group, the dissociation of the acid is of the order
of 7-9 x 10‘1, and the solubility of the calcium salt at the
experimental tﬁmﬁerature is from 125 to 315 grams per 100 ml.
of water. Thus, these acids have high solubility of the
calcium salts formed, ind.a*high degree of ionizltion which it
necessary for tbc»bieakdown of the mincr@l in bone, These
appear to be the characteristics of a rapid demineralizer.

in the second grdup, the ionization is reduced, being in
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7.
 tbe range of 2 x 107! to 1.76 x 10~4 and the solubility is of
the range of 15 to 70 grams per 100 ml. of water, Thus, these
acids are fair denincralizirs in rate and are reduced in both
ionization and solubility of the calcium s;lt.’

Finally, the last group of acids have both low dissociastion
constants and low solubility of théir calcium salts, The
dissociation ¢onstants.ar§ in the range of 1,76 x'1o*5 tq.i;sé'i

10‘4. The solubility ef'the calcium salts varies from 0,25
grams to 3% grams per 100 ml. of water, I

- From this oxporiment it may be posited that there are two
factors invalvad in the dsnincralization'procols: (1) the |
'r.te of brukdown of the insoluble mneral within the bone u{to ]
a soluble calciua salt which is a function of the dizsociation'
constant of the acid; and (2) the removal by diffusion of the
salt vhich is a function of the solubility of the calciun sults
of the acid, If the relative rank of an ‘acid in nineral
removed be considered as the resultant of these two factors of
dissociation constant (rate of brpakdown) and solubiliﬁy of
calcium salt (rate of removal), it becomes more ﬁeaningful.
For example, acetic acid has a solubility product of about
3% grams per 100 ml, of water of its calcium salt which is
higho: than that of,calcium:formate or calcium phosphate. Yet,
in terms of mineral removed, it ranks much lower than either
in the‘io¥103.4 However, if the dissoclation constant is

,‘considorcd, it is seen to be the lewest in the sékiéiiof acids




8.

tested., Thus, the actual rank of acetic acid represents the
result of some balance between these two factors and is not
wholly determined by either,

Results of Titr‘ long of Acids after Deminer iiz tiens

The a#ids used in the above experiment were titrated against
standard NaOH solution to determine; L

.1. Whether an excess of acid had always been present ;bouf‘
‘tha bcnc samples, | -
o 2. How much acid was uscd in thc donincralization procoit. |
3. what the efficiency ‘of the acid is in torns of tho nolo§
_of calciun and phosphorus per hydrogon oquivalcnt.A
It was also expected that this might permit some estimstion of
acid actioa on components of bone other than mineral,

From the titration data (Table V), it is seen that enly a

: small amount of acid was used in the actual dcnincralization. ;
As5has been previously reported (Progress Report, September 15,
1953), the optimal concentration of acid is from 0.5 to 2.0 molar.
The titration data shows that the acid concentration always
iomainod in this optimal range, The amount of acid used varied
from 0.01 molar to 0,3 molar during the experiment., This
amounts to a maximum use of 30% of the available acid in the
case of cifric acid (which removed only a trace of nineral),

and an average of about 10% of the available acid for the rest
- of the acids.,
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9.
More informstive are the following data which are calculated
on the basis of the equivalents of hydrogen used to remove
nilligran-aoles of calcium ;nd phosphorus. The ratio of
hydrogen equivalents to milligram-moles of mineral is expressed
in the final column and the acids, in this case, are ranked on

this basis,

Acid Equivalents of Mg,-Moles of Ratio of H
Hydrogen wused Calcium & to mineral
‘ Phosphorus ‘
o ~ Removed
HCl a1 3,233 o981
Trichloroacetic '1.93' 1.70% ;.12" 1
Formic | 1.07 © 0.855 1,204 1
HyPO, 2.0 1105 18141
HNO, 9.73 2,869 3.39 5 1
HBr . 19.48 2,697 7221
Acetic 3.8 - 0,321 11.99 3 1
Lactic 11.29 0.528 21,38 1 1
Citric . 33,58 Trace ?

On the basis of the above comparison, it is poséible to
establish a criterion of efficiency of an acid in removing
mineral from bone. Thus, in hydrochloric acid, the units of
acid used are sbout equal to the units of mineral removed., 1In
this sense it is an efficient acid, Iriéhloroacotic, phOSphe:ic,
and formic also are relatively efficient in this sense, whereas
nitric, hydrobromic, acetic, lactic, and citric show progressively

larger amounts o: acid expended per unit of mineral removed.
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This eialuation, it is to be noted, says nothing
concerning rate, or other factors possibly involved, that would
influence the usefulness of an acid in demineralization. Thus,
while an acid such as Hydrobromic appears to be inefficient en
the basis of the hydrogen equivalent - mineral removed ratio,
on the basis of rate of removal of mineral it ranks well ahead
of other acids which have a ratio much nearer unity, On the
other hand, if an acid like nitric is removing almost as much
mineral per unit time as is hydrochloric but is also using more
thjn three tines as many hydrogen equivalents to do it, the
suspicion is aroused ihét :bmething'bosideimina:al is being
actively attacked. ‘This aﬂspicion is reinforced when the
amount of acid used ié'great and the yield in mineral small as
in the case of lactic, acetic, and citric. in addition, the
behavior of trichloroacetic acid introduces another factor,
This aclid in 2 molar concentrations has been observed to distort
and warp rat femora left in the solution for a 24-hour period,
Thus, while it appears to be relatively efficient according to
the ratio presented above and intermediate in rats of removal
of mineral, it has been shown to have other undesirable effects.

ldeally, an acid used in demineralization should have a
low hydrogen equivalent to mineral removed ratio, a rapid rate
of removal of mineral, and an absence of deleterious side effects,
Thus far, it appears that hydrochloric acid most closely
approaches this ideal. |
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TABLE 1

Time wt. Loss {(Mgs.) Difference in wt. Loss
Bar Cylinder (as %)
1 66 7 8
2 99 101 .2
3 122 127 .
4 143 146 2
Ty 159 f 167 8
6 177 5 183 4
7 188 198 s
-8 200 - 21 R,
, - Av, 4.3
o . TABLE 1I |
S.blﬁtion- o Calciuﬁa {mgs. ) Phosphorus (Mgs.) Total (Mgs. )
: Bar Cylinder Bar Cylinder Bar Cylinder
1 48 50 18 20 66 70
1z 30 30 - - 10 10 40 40
111 30 34 11 - 12 4l 46
v . 29 28 10 11 39 39
| 137 142" LR 783 Tee~ I
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TABLE 111
Time % Weight Loss
(Hours) :
Hydro- Nitric Hydro- Tri- Phos- Formic Lactic Citric Aceti
chlor, brom. c¢hloro. phoric

1 11 11 10 5 4 1 0.6 0.4 0.4
2 16 e 1 1 e 2 1 0.7 0.2
3 0 20 18 9 s 3 1 1 02
s 23 23 21 10 10 4 2 0.4

5 25 2 23 12 11 5 2 1 0.9
}GZU 28 - 27 25 13 136 3 2 0.9
Y 29 29 27 15 4 7T 4 2 0.9
8 @ 0 28 6 15 - T 4 3 1

"TABLE 1V
. Mineral Removed
Calcium o Fhosphorus Total
mg/100 ml., A mg/100 ml, o S

'ﬁydrochloric | 88 ) 32 120

Nitric B 30 105

Hydrobromi§ 6% 30 99
Trichloroacetic 42 20 62

Phosphoric 40 3 43

Formic 22 9 31

Lactic - 16 3 19

Acetic ‘ 8 3 11

Citric _ Trace® ‘ ‘ ﬂ O

" #The amount found in each solution was so small as to
- £all within the error of measurement of the method.
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Table V,

Titrations of the Acid Solutions Used in Demineralization

Acid Molarity of Acid
Solution

HCl 0.9123

HNO 1,0226

HBr 0.9541

Trichloro~ 0.9049
acetic _

Phosphoric 0.7261

Formic 0.9391
Lactic ' 00 9128
Acetic 0.9006

Citric  1.1744

1041209

Molarity of Acid
Solution after
Demineralization
10.8806
0.9253
0.7593

0,88%

1 0,68%8

o928

L 0.7999
0.8621

Grams of Acid
Used in Demineral-
ization

0.11%¢6

0.6131

1,5763

0.3133

0,395
0.0492
1.0170
0.2311
6.4513



DISCUSSION OF THE RESULTS 6? THE FIRST PHASE OF THE
STUDY OF DEMINERALIZATION

Definition has been made of the limitations and the
factors which influence the limitations in the demineralization
of bone, These are:
Limitgtions: ‘
1. The effect of surface ares on the rate of demineralization.

2, The effect of diffusion distance upon ‘the rate of
, doainaralxzation.f

Fgctgrs which ing;ucncs ‘the ;imitations:

1s The cffect of agitation and lack of agitat&on upon the
| rate at which: mineral i¢ removed from bona. :

2{ The effect of variation in tenperaturo upon the rato ef
removal of mineral fron bene, ' ‘

3; The cffect of concentration of acid on tho rate of
'ronoval of nineral from bone,

A.JThe relative efficiency of various ncids in removinq
mineral from bone, This involves; a) the dissociation
constant of the acid. b)) the solubility of the salt
of the acid, C .

Although these have been studied separstely, the actual

process of demineralization involves some relationship of each
one to all of the others, The complexity of this relation leads
to a recognition that there are practical limits to the control
which can be exercised over the demineralization process. Thus,

these expcrimcnts have attempted a) to identify the . basic;

. 1limitations that will apply to any process of dcminoralixation, -

b} to explore the physical manipulations that mlght influence
~ the basi; limitations, and c¢) to define,_withip rough limits,

owi2io.



2.

the extent to which these limitations may be influenced,

The Limitations: |

1, Surface Area: This forﬁs a‘prime limitation upon the
rate of dcﬁineralization since the amount of area available-to
attack by the deminefalizing agent will define the maximum rate
of removal of mineral under any set of conditions, In the
regularly shaped bone samples of uniform compo#itien‘;uch as
were used in these experiments, the éurfaée area decreased at
a relatively uniform rate during greatar pnrt of the procoss.
In situations where bones or parts of bones of more complex'
structure are used the rate of decroaso.night not be uniforn,

as, for example, when the denxne:alizing agcnt, having ranavnd '

ﬁftbc mineral from the cortéx of ‘a bone, finallv reached thc N

trabecular structure of the interior. However, no mattor how
complex the given sltuation, the same rule will apply to each -
of its parts - a constantly decreasing surface area dafining a
constantly decreasing rate of mineral removal.

2. Diffusion and Diffusion Distance: This is a problem
which becomes increasingly important during the process of
demineralization, The distance that msterials must move becomes
greater as mineral is removed from the more superficial parts
of the bone, and this places an additional limitation upon that
already determined by the decréasinc available surface‘irea;'-w

Basically, there are three facters involved in diffu:ion

and, in addition, many related variables which influenco the
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3.
basic factors., There is, first, a distance of diffusion inward
through which the demineralizing agent must travel from the
surface of the bone to, second, the site of breakdown where
the mineral is being put into soluble form by the demineralizing
agent, Finally, there is a diffusion distance outward of the
dissolved mineral from the site of breakdown to the outer
surface of the bone, As demineralization continues, both the

inward and outward diffusion distances increase., The arrival

~of demineralizing agent at the point of breakdown. 4s lnwcd,_4

and the transport of the soluble salts away is, likowise,

l d.ctoatod. in addition, once the surface -1nora1 has boon

:enovad, the amount of liquid availablu for ioenization of the

acld and t;ansport of the soluble salts is linited<by the

demineralizod matrix, - , | | |
Factors which influence the limitations:

Since it is recognized that the surface area availablo‘
to the demingralizing agant cannot be varied once demineraliza-
tien is in progress without altering the specimen itself, and
since the distance of diffusion for the various products.
cannot be altered, methods of increasing the rate of deminerali-
zation must influence the gradient of diffusion to bring about
the most rapid exchange practicable. This involves tﬁe o

selection of an efficient acid and the manipulatioen of several

=\physical factors.

1. The offoct of agitation as a rate incroacor 1n doninerali-

xatlon:

owiziez



. 4,

Agitation of the demineralizing'solution and fhcybbhe |

sample will increase the rate of demineralization by about 2%%.
This increase in rate is believed to be due to three factors:
| a) it insures a constant renewal of the solution of
demineralizing agent at the surface of the bone,

b) It removes the gas envelope which surrounds the bone in
non-agitated solutions and which ﬁresents'a gas-bone
interface’(a~diffusion harrier).raiher than a liquid--
'bona interface. “ f .

c) 1t 1nsuves a more aqual distributioa of tha salts
removed from the bone through the tolution, thus
preventing 2 concantration in the imuadiatc vicinity B
of the bone, e o ' "

2.'The effect of variation in temperaturo upoen the rate

- of dem;nera¢1zation: ,

in the temperature experihonts; temperatures of 25, 3%,

45, end %5°C, were tested for. increased rate of deminoxaliz:tion.
lncrease in temperature did produce an increase in rate of
demineralization. Two factors probably are involved: (1) the
facfor of increased diffusion activity, and (2) tho factor of
iﬁcreased activity of the acid solution. The weight loss of

the bone samples was increased more rapidly than was the weight
of the n.neral removad. From past experience, this indicates
remoVal of-materials other than mineral,

it was found thtt an optimal temperature rangc for
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5.
demineralization lay between 25 and about 40°C. An increase
beyond this range yielded a greater increase in total weight
loss of the bone sampie, but not a proportional increase in
weight of mineral removed from the bone. The best results in

 terms of a'total weight loss'.- weight of mineral removed ratio
- were encountered at 35°C, |

| Tests to determine the effect of acid solutians for
hydrolysis and denasturation of proteins at increased temperatures
- have not been made; however, biochemical inforﬁatidn available
1nd£ca£es thafyat temperatures above 40°C, many, if not all, of |
thg.prbtéin’boéplexes will suffe: some change and that hydrolysio.
by the acid will be increased. The exact nature of the changes
wrought by inc;eased-teﬁpe#éture upon thé morphology and
stainability of’soft tissues aisociéted with bone awaits
investigation, | | |

<. Effect of variation of the concentration of an acid upén

rate of demineralization:

VEXperimants using various concentrations of hydrochloric
acid have demonstrated that an efficient concentration range of
acid exists for demineralization, .ncreases beyond about 2 molar
concentraiié6 do ndt yield an increase in the rate of mineral
removalicomﬁehsurate with the increase in total weight loss in
thglaamplé.{ Concentrations of acid below 0.2 molar operate at
8 very slow féte and are impracticable because of the tremendously

incressed time factor. The optimal concentration of hydrochloric
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P dissocistion constant .nd 3 high oolubility of’tho cnleiﬁu stit

6.

. acid has been found to be about 1 molar, Above this concentration

efficiency of mineral removal drops when compared to total

ieight loss of the bone sample, while beXow it, efficiency

decreases in terms of a slower rate of mineral removal,

4, The relative efficiency of various acids as
demineralizers:

_ The acids commonly used in demineralization, as well

as some cholating agentc, have been testcd for thcir relative

officiency. Two factors have been found to ‘be iuportaat in |

datorninntion of rate of deuincralizatien:a (1) the diccociatioa
”constant of the acid, and (2) the solubillty of the ctlciun ltlt _
"Eaf the acid.' Thc intorplay of tha:o two factor:'will dctcr-ino,
, ,in part, the rate of denincralization. An- acid yith 2 high

will be a rapid demincrtlizox apparontly due to the rapid ;' _
breakdown of the bone salts and the rapid removal of the calcium
salte. A low dissociation constant and :olu&llity_ef the
resultant calcium salt produces a sluw demineralizer, However,
'1t‘h#s been seen in experiments that a low dissociation constant
c;n‘be compensated partially by a relatiyniy high calcium salt |
sclubility,’ind such an acid may prove to be as efficient an
;géﬁt’in demineralization as an scid with a higher dissociation
' constant but lower calcium salt salubility. L |
It has been found that some acids, yhich are cxcollont '

:'.denineralizors accordinq to rate, are :clativolyzlncfficignt ar 
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7.
wasteful in their action. It has not been determined whether

this excess of acid is occupied in some un-wanted side effect
such as hydrolysis or denaturation of protein., Comparative

work on the soft tissues associated with bone may answer this
question,

An efficient acid has been defined as one which uses a
low equivalent of hydrogen to remove s high equivalent of
mineral from bone, This does not indicate efficiency in terms
of rate, but does specify a situation in which there should be
minimal acid reactions with soft tissue components. These
results, as do the ether findings In the study, indicate thit
| the most efficient acid in terms of hydrogen equivalents used,
in rate of demineralization, possibly, in térmé of side effocts'
is hydrochleric acid, |
. Study of Soft Tissues:

. . Studies of Hood and marrow smears have been reported
prﬁviously}(See Progress Heport, September 15, 1953), and the

conclusions are included in that Report,
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SUMMARY OF REPORT
December 31, 1953

The results of the study carried out during the past year
‘on physical factors 1nvolvod-id the dcuincrﬁlization of bone
has demonstrated the basic limitations imposed upon methods of
romovai of mineral from bone and has analyzed seme of the o
factort that increase the rate of demineralization, ‘
The bacic linitatians upon the rate of . donineralization |
may be sun-arizcd ast - S : : |
| §urg;co areas Thii‘it the major linitatioa in',‘ '
:-doninoralization because the rate of removal of bone
. salts {s 1initcd by the amount of surface available
to thc action ef the dcninoraliziaq agont. The groatcz
the surface area of bone exposed, the more rapid the
rate of donincralization; the smaller iho surface area
_poé unit of bone mass, the slowef thé,faté of de;inqrali-
zation under any given conditions.
2. Breakdown and removal of minersl from bone: This is
the second limitation imposed upon that of surface’ |

area available. Several factors contribute and

interrelate to produce this limitation;

a) The diffusion distance: This determines the rate
of diffusion'of the acid into the bone and the
tate ox removal of calcium salts from the bone by .

"-inposing s diffusion gradiont along'which all
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materials must move. The greater the diffusion
distance, the greater the time necessary for an
acid or salt to traverse it, and the slower the rate
of demineralizatfon. o o -
b) The dissoci tion constant of the deminer 1:i . :
The dissociation or amount of avaiiihln hydrogen ion
in an acid 1s a determinant of thc ratc of broakdewn
. of the bonc salts. The highor tho ionizaticn of the
'acid, thu more rapid tho rato 0f~douincra1£zatian.
c) The ' L '
 ,This is a dotorninant of tho rntc 'f tt-nval of tho
A:alts fron tho bone. Bolativtly 1nsolﬁble sult: ”
" cannot diffuso rapidly ‘even though btiug produco&
rapidly at the site of -1aora1 brﬁakdaun.

of the hones

This is a factor which to a ccnqidcrable extent controls

the three enumerated above (Cf., a, b, c), because
diffusion, lonization of the acid for breakdown of the
bone mineral, and solubilizing of the calcium salt of
the acid all demand iiquid. Thus, the amount of
liquid available within the bonn matrix following th!
| ninoral removal from the region will be a deterainant

of'dtuincralization. :
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Factors that may increase rate of demineralization are as follows;

l.

2.

Concentration of acid: An optimum concentration of acid

apparently is around 1 molar. Increase of the concentration
beyond 2 molar does not correspondingly increase the fate of -

removal of mineral, Concentrations below 0.2 molar are so

~slow in removal of mineral ss to be valuele;s. Lo }

Effect of temperature:. Tomperature 1ncreaso ‘beyond 40%.

does not yield a concomitant incroaso in the rete of
demineralization. The unwanted sidc :ffoats of dauagt to
soft parts may increase at the higher temperatures, The

optimum temperature for removal of minersl from bon;Apr;;§q f

‘te ha about 3%°C,

Aglitation of the bone sample: Agitation of the bonc sanplc :
during demineralization increases the rato about 25%. )

Efficiency of the demineraliting agenta "Of the dcninoralizing

agents studied to date, the most desirable is hydrechleric .

‘acid which has a high dissociation cons#ant, a2 high solubility

of its calcium salts, a high rate of demineralization, and

apparent lack of deleterious side effects,

Experiments on soft tissues:

Expcriments with soft tissues have demonstrated that blood

and bone marrow smears can be protected frou acid concontratians

up to 2 molar for as leng as eighteen hours by fixation with 'Y

nethyl alcohol - metallxc 1odin0 solutlon. Following acid _

- treatnent thc morphology and stninahility of these SMears with
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Wright's and Gignsa stains is uu;-paifod and yiold'rciulti
which @ro difficult teo differentiate from aérnal slides

made by the same technique,
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