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1, 
This -port As intended t o  covora 

A)  Me first phase af 8 program of mserrch t 8  define 

efficient methQds of derinera~ization of bone while pnserv ing  

removing minora1 from the standard ramplos, 

With th8 reporting of these experiments, the first phaso 

sf t h i s  program A8 closed, wa belie- ,  because the work t o  

date has rccomplithed its majar purpe8cts: 

physical factor8 b d c  t o  any deainorrlitrtiQn pr@CeSS, a d  b) 

t o  tea t  these factor, under centrolled conditiaae t o  determine 

something of the 8 X t W h t  t e  which tk.y infhWBC* doninrzrlitation. 

8 )  t o  fdontify the 



2. 

Investigation of the naturo of the procmmr by which dmmineralf- 

ration wcursS therefore, i 8  boyond tho scope sf this rtudy. 

l%PERI&N?S AiJD RESULTS: 

1. pxDerf-n t t o  d@t amino the affect of reiaht men r_rto 

of d o g l t n ~ i t a t i o n .  8U rfrce arm u s t a n & .  

suggested t h a t  t h f s  d i f f ehnt8  is might might b+ 4118 %o*the 
deotinerrlirad m a t r i x  taking up rator in tho pnrinee o f  .n rtid 

solution of l o w  ionic ttrongth, 

In order t o  produce conditions which would aom -arty f i t  

those of its coarprnlen experi-nt, that in which weight W 1 $  B+&$ 
constant while rurface 8-1 was vrriad (sew 

p. 3)* t h i o  eqmriaent was repeated w i n g  0.3 mdrr hydrochloric 

Progress R e p ~ r t ,  

acid rather than an acid w l u t i e n  of lower molarity. 

Materiale and YsthodcrI 

Sunglea wera taken froc M e  sum part of tho 8tandrrd b w .  

They ware cut on s b a d  8aw urd thoped fer $Uzfre* area md 



each containing 100 m1, o f  0.5 molar hydrochloric 8Cid. n e  

containers wore p b c e d  upon a roller agitator rrvelving ;Lt @ 

Talsprrrture d u ~ i n g  the experfment w m  caatrulld a t  

,r. . 
25%. f 1'. Wei$hinge-and change@ of tha d.a.h@ralizi&g 

.- 
phosphor~$ d+teminrtionr wore .ad8 upon each et the 

For the l h t r ,  *e@ Tablor, I 8nd 111. 
Resultat 

As can h rrrn frma the data in f a b l e  Is tha wight of 
the two bones was aborit equal throughout the Oqmrirnnt, The 

rrwrrge diffennce betwoen the two sarnpl*e fn.wfpbt 1088 was 

4.3% -- within the error of the aethod of rhrping the bones t o  

surface area. 

between the t w o  boms in t o t a l  minaral removed (Table 11) 

during tho Il-hour period is of the order - 5%. 

' 

Also, it is t o  be noted that the diffrrenca 

in 
it 

upon COq?8ri$On of there results with those ef  the experiaant 

which surfac8 area was variad but weight was held constupt, 

can bs men that the difference i o  striung; 

. .  . -  
. .  

1;. 
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Surface area varied Wright vrrfed 
Weight constant Surface rroa canatant 

Difference in w t ,  47% 4.3% 
lor8 between bar 

and cylinder 

With reference to t h i s  experiwent, the fo lkwing points 

may be noted4 

1. 

20 

Varying the mass sf me samples whi le  holding the surface 

area constant d i d  not  ch8nge the rite of deminerrlirrtfon 

during the 8-haus period, 

aurfrcc, area i e  

The total weight of thm rrinerr1 nmov8d froa the smph i s  

rpprexiaately equal z:.gerdl*ts of the m s s  0-f tha srapler. 

Thir f r  further confixmation that  

ra&as Uni t ing  frcter i n  dearirrcrrrlitrtfon. 

:* 
2, Fxoerimnt $a determiae the 8fficfencv Ln drarimrrl ita- 

$%on of cart- acid&, 

The purpoos of this experiment is t o  rank the acids more 

cormonly used au demineralizing &gent% $Q the order of their 

efficiency as judgud by rate of removrl of mineral froln 

standard bone scrarpl+s, Earli8r work of this kind was done on 

rat  femora (Progress Report, pp. 21-23) which precludsd the 

element of control obtainable by the use of samples from the 

standard bone, 

bones in the various acid salutionr did  not  exact ly  csincide 

w i t h  th4 amount of mineral detemined t o  hrvr, bean removed. 

Sn addition, the weight loss curves for the 

Materisle and Yethodlrt 

The acids used were: Hydrochloric, Nitric ,  Hydrobromic, 

Phosphoric, Xrichloroacetic, Fonaic, k c t i c ,  Ci tr ic ,  8Rd Acetic, 



5, 

The bone samples were taken frm the ram 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 thusi formed varied in weight batween 0.400 gram8 

and 0.434 grams and i n  surface area between 0.218 rq. ea. 

and 0.235 sq. cm, 

The rraaple9 were placed Sn 100 m1. of a 1 aolar concmtram 

tion of the acids i n  pdysthyhne containers a d  placed upen 

a r d h r  agitator revolving a t  85 ~ p m .  

tho experiment was erntrolled a t  ~ S ' C .  2 I*. ~ o i p h ~ n q t t  - 

changes of the s01utiant W I ~  asde a t  pradeteminad intewa1s. 

Calcium and pho8photuo dateminations worn  arade Upon ( r e h  of 

the $elutions. 

Terrplrrrtum during 

See fabler, 11s rod I V  far these data, . 

mount of r c i d  used I n  the! deninerrllting process was 

determined by t i t ra t ion  against standard BirW solution. (Table 

v) 
A t  the end of the e~cperi~irsnt, the srmpl8r were cleared 

in beechwood creosote and CeMhZWQod oil. This rendered the 

deraineralimd portion of the bene translucent and permitted 

measurement of t h e  depth t o  which the mineral had been removed. 

Results 8 

The acids used hove baoa ranked i n  the follarriag Wry8 

The rcid a t  the top ef each column balm for c~lllparison. 

representing @laprtn and th8i at. &.bottom aleasfa. 
1 % 



6. 

Solubility Dis sociatian 
Of c8 

W t ,  Loss Penotration Mineral Removed 

m03 
HBr 

Trlchloru. 

*3pos 

Citric 

H C l  

HBr 

HN03 

H3W4 
frichloro. 

Forplfc 

Kl 

HN03 
HBr 

Tri c hloro . 
*3p04 

Pomic 

t r c t i c  

Acetic 

Trichlors, Trichloro. 

Acotic v 0 4  

A c e t i c  Acetic Citric  Citric , Acetic 
t 

Zn thk rbotm rankfhg, three divisions are aeon in the acid 
he rt& ainesal . .  i t i d s  which are the aort rapid 

I .  

p ~ u p a t  

deninerrlinere, the second graup of a c i d s  which are primarily 

organic = i d s  and sooderately rapid demineralizers, and f i n a l l y  

the weak erganic acids which a n  slm demineralizers. 

Several cOQllsQn features can be seen in arch g ~ o u p ,  I[n 

the first group, the dissociation of t h e  acid is of the order 

of 7-9 x loo’, and the solubility of the calcium s a l t  a t  the 

onperimntal teaperature is from 125 t o  315 grams per 100 ml. 

of rater. 

calcium solto formed, and a high degree of fonizrtfon which i r  

Thus, these acids have high solubil i ty  of the 

mcosrrry f o r  thr breakdown of the mineral in bone. Thee0 

rppar t o  be the characteristics of a rapid dwaineralia8r. 

In the second group, the ionizat ion is reduced, being in 

1 0 4 1 2 0 2  
. .  



the range of 2 x fool t o  1.76 x lo4 and the solubil i ty  is e t  

the range o f  19 t o  70 grams per 100 stl .  Of water, 
acids are f a i r  demineralizers i n  rate and are reduced i n  both 

Thus, there 

ionization an8 ssLubility af the calcium salt. 

Finally,  the last group of acids have both low dissocirtion 

constants and law solubility of their calcium salts. me 
dissaciation constrnts ure in tho range of 1.76 x W' t o  1.38 x 

lo4. The solubility o f  the calcium salts varies from 0.25 

gram t o  33 gram per 190 d. of water. 

From this rbxprimmt it may be posited that  them We 

faatosr i n w l v e d  in the &einarrlit;rtion proceast 

rite of breakdown of the llnroluble~itneral within t8s 'bone ints 
it sblubfe calcium s a l t  which i s  8 function o f  the dfssociatfon 

conrtaeYt 4f the acid1 and (2) M a  r e l a ~ v d  by diffusion of tha 

(I) tke 

8rltrRLch is a function ef tho r o h b f l i t y  of the crlcim salts 
ef the acid. I f  the relative rank of an rcid in reinera1 

removed be considered a t  the resultant of these two faeters ef 

dissociat ion constant (rate of breakdawn) and s o l u b i l i t y  of 

calcium salt (rate of removal), it; becomes more meaningful. 

F o r  example, acetic  acid has 8 solubility product of about 

35 grams per LOO ml. of water of its calcium salt which is 

higher than Mat of calcium fomate or cr le im phosphate. Yet, 

in term o f  minora1 MBaoved, it ranks much lorrer than either 

in the rerleo. 

eoneidemd, i t  is men t o  be the. lewest in the seEi.8 e f  acid$ 

However, i f  the dissociation constant is 



8, 

tested, 

resu l t  of tcw brlance between these two factors ulcf is not 

wholly determined by either. 

Thus, the actual rank of acetic acid reprmmnts the  

Results  of Titration8 of Acid8 after D . a i ~ r i l i t a t i o n t  

The reids used i n  the above experiment w e n  f f t r a t o d  against 

stmdrrd WaOH solution t o  deternine:  

, 1. Uhether gn excess of acid had always been present rbe#t 
. "  

i t  bow 8 a q l 8 s ,  I 

s < _  * -I 

L 2, Hew much rcfd  w 8 1  used in the d8aim2rlizatien projrs*. 

3. What #e @ffh i@nCy Of t h o  acid i 8  fn  toras af the aofrs 

of calcium u)ct phosphorus per hydrogen wpiva18atb 

It was rlsb expec9atd that  this might pe-t $0- astimation of 

acid rctiocr on cempononts o f  bone othor than tinerrl. 

. .  

Frem the t i t r a t i o n  data (r8bke V), 1% is $eon t h a t  only 8 

awl1 mount of acid was used in the actual d e ~ ~ r r a ~ l r a t i e n ,  

As ha8 been previously mported (Progrerr Roport, September &5, 

1933), the optimal concentration of acid i s  froar 0.5 t o  2.0 molar. 

The t i trat ion data rhourr t h a t  the acid concentration always 

remained in t h i o  optimal range, 

from 0.01 molar t o  0,3 molar during the experiment. 

The mount of acid used varied 

This  

rwunts t o  a aaxirmsr use of 30% of 

C I S a  of c i tr ic  

and an average 

of the acid#. 

acid (which removed 

of about 10% of the 

the  avai lable  acid in the 

only L trace of mineral), 

s v a i h b l e  ocid for the rest 



ailligrm-18018~ of Calciull and phosphorue. 

hydrogen equival8ntr t o  miLli$rea-moler of mineral is expre888d 

in the  f ins1 Cohm 8d the acid$, in %hi$ case, are ranked on 

thir basis. 

The ratio of 

Acid Equivalents of  Mg.*les of b t f 0  Of H 
Hydrogen used Caleiua Q t o  miner81 

PhQrphOW8 
Rerovcrd 

E l  3.H 3.233 0.98 8 1 
ftichloroaceti c 

Forafc 

j43p*4 

W% 
HBr 

A c e t i c  

k c t i c  

Ci tr i c  

1,s 
1.07 

2.u 

9.73 

19.48 

3.85 

11.29 

33.58 

I. 709 

0,835 

i.105 

2.869 

2.697 

0.321 

0.528 

Trrco 

1.i2 8 i 

1.20 t 1 
1.81 t 1 

3.39 t I 

7.22 t 1 

11.99 t X 

21.38 8 1 

3 

the basis  of the rbowr cssnprrioon, it is possible  t o  

e s t a b l i s h  a criterion of efficiency of an acid  in removing 

mineral from bone, Thus, in hydrochloric acid, the uni ts  of 

acid used 82-8 about equal t o  the units o f  rainerr1 removed, In 

t h h  senre it is an 8f f i t fOnt  rcid. 

and fomic  also are relat ively efficient in this sense, whereas 

n i t r i c ,  hydrobrolai-c, aceti@, lact ic ,  and c i t r i c  ahow progrstrivo1y 

largrr amounts Q: acid orpmded por unit a f  nritwrrl removed. 

rrichierorc8tic, pharphoric, 
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This evsluatian, it is t o  be noted,- aayr nothing 

concerning rate, OP other factors possibly fnvolwd,  that would 

influence the usefulness of an acid i n  dseineralizttion, Thue, 

whi l t  an acid such as Hydrobromic appears t o  be inef f ic ient  en 

the b a s i s  of the hydrogen equivalent - mineral reaaved rat io ,  

on the b a s i s  of rate of removal of mineral it ranks well ehod 

of other acids which have I ratfo much nearex unity. 

other hand, i f  (~n acid like nitric is removing almost 8s much 

mineral per un i t  time as i s  hydrochloric but f r  also using mer@ 

On the 

than three t l o e s  as stony hydrogen equivalents t o  do it, the 

suspicion i a  arsused t h a t  ciomething beside minera2 is being 

act ive iy  attacked. 

amount of acid used is great and t h e  yield i n  mineral s a d 1  88 

in the case of tac t i c ,  acet ic,  and citric,  in addition, the 

behavior of trfchloroacst ic  acid introduces another factor, 

This ac id  i n  2 molar concentrations hae been observed t o  dirtort  

This euspicion i a  reinforced when the 

and warp rat femora left in the solutim for  a 24-hour period, 

Thus, while it appears to be relat ively e f f ic ient  according t o  

the r a t i o  presented above and intermediate i n  rate e€ reeroval 

of mineral, it has been shown t o  have other undesirable effects.  

l d e d i y ,  an acid used i n  demineralization should have 8 

leu hydrogen oquivrbnt t o  mineral removed ratio,  a rapid rate 

of rearoval of mineral, and an absence of deleterious s i d e  affect,. 

Thus far ,  i t  appeare that hydrochloric acid aoet closely 

approaches this idea l .  



TABLE 1 

Tine 

2 

Rt. Loss (MQS.) Difference in Vut. LOSO 
Bar Cylinder (as P) 
66 71 

99 101 

8 

2 

122 127 4 

143 146 3 

159 167 3 5, 
’! 183 4 

188 198 5 

3 

4 

5 

6 177 

7 
% 211 . .  

8 20% 

Solution Cslciurs @gs. ) Phosphorus (Mgc, ) Tot81 ( M S .  ) 
Bar Cylinder Bar Cylinder Bar Cylinder 

50 16 20 66 76 

34 11 12 41  46 

3 48 
30 10 10 40 40 ZI 30 

;PI 30 

I%-- * 

t 04 I201  



TABLE XPI 
T i m e  95 Weight Loss 
(Hours ) 

Hycim- Nitric Hydro- Tri- Phos- Fonnic Lactic Citric Acet i  
chlor. brorn. chloro, phoric 

1 11 
a 16 

3 20 

4 23 

6 28 . 

7' 29 

13 31 

11 10 5 4 1 0,fi 0 ~ 4  0.4 

7 4 ,  2 I. 0.7 0.2 

18 9 9 3 1 1 0 * 2  

14 . 

20 
21 10 10 4 .  2 I 0.4 23 

' j  

15 

2 1 0*9  26 23 12 11 5 

27 25 13 L3 4 3 2 0*9  

29 27 15 14 7 4 

30 28 . 16 is 
L 

7'  4 

Mineral Reraaved 

2 0.9 

3 1 

CIlCiUfa Phosphorus Tot81 
mg/lOO ml, prQ/ ioo  nl, 

Hydrochloric 88 32 120 

Hydrob rmi c 49 30 99 

Nitric 75 30 105 

Trichloroacetic 42 20 62 

43 Phosphoric 40 

31 

19 

u, 

3 

9 

3 

Formic 22 

Lactic 16 

Acet ic  

Citric Trace* 

8 3 

. o  

*The amaunt found in sack rolution was so a m d l  a8 f 0  
f a l l  within tho 8rror of lrrnarurssnnt of th8 mthsd. 
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Tabla V, 

f i trrt i snr  of the Acid Solution8 Usad in Demineralirrti@n 

HCl 

HN3 

H B X  

Trichloro- 
acetic 

Phosphoric 

Famic 

Lactic 

Acetic 

C i t r i c  

0.9123 

1 . 0226 

0,9541 

0,9049 

0.7261 

0 , 9391 
0.9128 

0.9006 

1.1744 

0.8806 

0.9253 

0,7593 

-0.8856 
* *  

0.6858 

0.9284 

0.7999 

0.862l 

01- 

O , l l %  

0,6131 

1.5763 

0.3153 



DI$CUSSIcbJ OF THE RESULTS OF T)(E FIRST PHASE OF THE 
STUDY 3F DEMiERALLZATIOIJ 

Definition has been made of the limitations and the 

factors which influence the limitations in the demineralization 

of bone. There ares  

L i a t a  tionst 

1. The e f fec t  of surface sr@+ on the m t a  of demineralitrtion. 

2. The effect  sf d i f f w i o n  distance upon the rate of 
deainerslit ation 

Factors which influence the 1 h i t 8 t h n S  t . 

1, Tho effect of agitation a d  l a c k  of agitation upon the 
rate a t  nhich rnfneral i r  removed from bonQ, 

2. The e f f e c t  o f  variation i n  taraperrture upon #I rate ef 
rearoval of adnarrf from bene. 

3, The d f e c t  of concerrtrrtion of acid on tho rate of - 
removal of mineral from bone. 

4. The re lat ive  efficiency of v a r i w s  QCidS in removing 
mineral from bone, This involverl 4 )  tho dissociation 
ccmstant of the acid. 
of t h e  acid, 

. -  

b) the solubility of the  r a f t  

Allthough thase have been studied separately,  the actual  

process of demineralization involves some re lat ionship  of each 

one t o  a l l  of the others. 

to a recognition t h a t  t he re  are p r a c t i c a l  limits t o  the  control 

which can be exetcised aver the  dernineraliratien process. Thus, 

these rxperilarrntr have attempted I )  t o  i d e n t i f y  the b w i c  , 

l imi ta t ions  Bhrt will apply t o  any process sf drmimralitation, 

b) t o  explore the phyrf cal manipulations that might ihf  luenco 

The complexity of this r e l a t i o n  leads  

the baric l imitat ion$,  and c )  t o  duffnc, wi thin  r0ugh limits, 



2. 

the extent  t o  which these limitations way be influenced. 

The Limitationst 

1. Surface Areal This forms a prime l i m i t a t i o n  upon the 

rate of demineralization since the amount of area available t o  

attack by the demineralizing agent will def ine  the  maximum rate 

of removal of mineral under any s e t  af conditions. I n  the  

mgular ly  rhaped bone samples of uniform cornposition -such as 

were used in these experiaento, the surface area decreased a t  

a r e l a t i v e l y  unfforn rata during greater part of the procesi. 

In situations where bones or parts of bones of more complex 
structure are used, the  rate of decrease a g h t  not be uniflsm, 

8 6 ,  for example, when the d w i n e r a l i z f n  age&, having kaetrsd 

'the mineraft from the cartarc of a ban., f ina i l r  reached th; . 

trabecular structure of the  interior. Hawever, no mat t8r  how 

complex the given s i t u a t i o n ,  the same rule will apply- toaach 

of i t s  p a r t s  - a constantly decreasing surface a n a  defining a 

Z '  .. 
b .  

constantly decreasing rata of mineral removal. 

2. Dif fus ion  and Diffusion Distance; This is a problem 

which becomes increasingly important during the process o f  

demineralization, The distcnce t h a t  materials must move becomes 

greater as mineral is removed Prom the more superficial parts 

of the bone, and this places an sdd i t iona l  limitation upon t h a t  

already detemined by the decreasing avai lable  surface ama. 

B a s i c a l l y ,  there are three factaw involved in diffu8ioa 

and, in addit ion,  many re lated variables which influence the 

IOtgt 2 f I ' I  

I . .  
~ 

. . ,  
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basic factors,  There is, f irst ,  8 dis tance  of diffusion imrrrd 

through which the  denslneralirfng agent must travel  fcm the 

surface of the bone t o ,  second, the site of breakdown where 

the mineral i6 being put i n t o  sofuble form by the dsmineraU.ting 

agent. Finally, there is a d i f f u s i o n  distance outward of the 

dissolved mineral from the sits of breakdown t o  tho outer 

surface of the bone, As demineralization continues, beth the 

inurni end outward diffusion distances increase, Tho arrival 

of deminerrffzing agent a t  the point of breakdown. is ~1101904, 

and the  trrnoport of the soluble salts away $ 8 ,  Xikrmiee, 

dwxeared. Xn addition, once the surface rinerrrl her born 

reaowd, the arrrrunt of liquid available for iwtiration of thr 

acid and transport of the  soluble salts is liaited by the 

dearinerrlited matrix, 

Factors which influence that limitationst 

Since it is recognized t h a t  the surface area availabh 

t o  the demineralizing agent cannot be varied once demineralftr- 

t ion  is i n  progmto without a l ter ing  the specimen i t s e l f ,  and 

since tha distance of d i f f u s i o n  f o r  t h e  various products 

cannot be altered, methods of increasing the rate of deminerali- 

zation must influence the gradient of diffusion t o  bring about 

the most rrpfd exchange practicable, This i n V 3 l - s  the 

select ion of an ef f ic ient  acid and the  manipulation crf several 

physical factors. 

1. The effect o f  agitat ion as a h e t a  irrcrmhez. in deminerrli- 

artian1 



. .  

4. 

A g i t a t i o n  of the demineralizing so lu t ion  and the bone 

sample w i l l  increase the rate of demineralization by about 25%. 

This increase in rata is believed to be due t o  thme factorst 

a )  it insures a cons tant  renewal of the solution Qf 

demineralizing agent st the surface of the bone. 

b) Lt removes the gas envelops which surrounds the bon8 fn 

non-agitated solutions and which presents B gae-bone 

interface (a - d f f f u s i m  barrier) rather than a h&qu.id- 

bans interface. 

c )  It insures a more equal stribution of t b  salts 

removed from the bone ‘thmugh the. tolutl.oa, .thus 

preventing I concentration in the iraRedi e vicinity 

of t h e  bone. - 

2:ne effect  of variation in temperature upsn thu raie 

of demineralization: 

I n  the temperature experfmnts, temperatures of 25, 35, 

45, end 5S”C. were tested for. increased rate of deininerolftrtim. 

lncrease i n  temperature d l 3  produce an increase In rate of 

demineralization. Two fac tors  probably are involved: (1) the 

f a c t o r  of increased d i f f u s i o n  activity, and (2) t h o  factor of 

increased a c t i v i t y  of the  acid so lut ion.  The weight loss of 

the bone stntplata was incressed more rap id ly  than t a m  the wei$ht 

of the d n e r a l  removed. From past experience, thio indicates 

removal of m a t e r i a l s  other than mineral. 

It was found that an optimal tempemtun range far 

t 0 4 i 2 1 3 -  - .  



demineralization l a y  bttween 25 and about 40%. An incraase 
beyond this range yielded a greater increase in total weight 

l o s s  of the bone saTle ,  but not a proportional increase i n  

weight of mineral removed from the bone. 

terns of a t o t a l  weight loss 
The beat results i n  

- weight of mineral removed ratio 
. were encountered a t  3S°C. 

Tests t o  deternine the  e f f ec t  of a c i d  so lu t ions  for 

hydroqyeis and denaturation of  proteins a t  increased tamparaturns 

have not bcgn made; hmever, biochemical in fomat ion  avaPl+ble 

indicates that a t  temperatures above 40°C. many, if not all, of 

the protein' complexes will suffer some change end t h a t  hydrolysis 

by the acid will be increased. The exact  nature of the change$ 

wrought by increased tesrperatum upon the morphology and 
I 

1 

s t a i n a b i l i t y  of so€t tissues associated w i t h  bone a w a i t s  

investigation. 

3. Effect  of variat ion of the concentration of an acid upon 

1 rats of denineralization: 

Experiments us ing  various concentrations of hydrochloric I a c i d  have demonstrated t h a t  an e f f i c i e n t  concentration range of 

acid ex i s t s  for denineralitation. ;ncreases beyond about 2 molar 

concentratson do n o t  yield an increase i n  the rate of mineral 

removal tonmrensurate w i t h  the increase in t o t a l  weight loss in 

the saarph. Concentrations of ac id  belaw 0.2 malar operate a t  

8 very slow rate and arc impracticable because of the trelnandourly 

increased t i m e  factor. The optimal concentration of hydrochloric 



60 

, acid has baon found t o  be about 1 molar. Abow thia concentration 
o f f i c i e n c y  of mineral removal drops when cotaprred t o  t o t d  

weight loss  O f  the bone sample, while b d a u  it, efficiency 

decreaees in terms of I slower rate of mineral removal, 

4, The relative e f f ichncy of various acids as 

demineralfrars : 

The acids commonly used in d~nin8rrlitrtion, 18 w a l l  

as some chelatin9 agents, haw k e n  te8t.d.fot: their relatirr,  

officiency, Trro factors have bem found t 0 . h  i rporfrnt  in 

rrltr, 

resul tant  calieiiua e a l t  produces 8 $ 1 ~  d~ninerall~er~ 

it has been $eon in experiments that  a l aw dtsrocirtion constant 

can be corapensatod p a r t i a l l y  by a relatively high calcium s a l t  

ralubility,  und such an acid may prove t o  be 48 rffici8nt an 

rg8nt in deminorrlitetion as an acid with a higher d i@SQCht iW~ 

constant but lwer crlcitm s a l t  solubility,  

A la# dissoc iat ion constant and 8 o h b i l i t y  sf tho 

However, 

i t  has been found that 8)ozw acids,  which are *%cellant 

delrinsraliters 8Ccerding t o  rrta, 8x8 rahtfV*ly he f f f c font  Or 



7.  

naateful  i n  the ir  action. Lt has not been determined whether 
th ie  excess of acid is occupied in some un-wanted side effect 

such RS hydrolysis or denaturation of protein. 

work on the s o f t  tissues associated w i t h  bone aay answer this 

que8 t ion. 

Comparative 

An efficient acid has been d e f i n e d  as one which uses a 

l aw  equivalent of hydrogen t o  remove a high equivalent of 

mineral from bone. This does not indicate  e f f i c i e n c y  bn terms 

o f  rate, but doer specify a s i tuat ion  i n  which there should be 

ainimal acid reactions with soft tissue components. 

rerrults, as do the ether findings in the study, i n d i c a t e  that 

the most e f f i c i ent  ac id  in terms of hydrogen equivalents  used, 

in rat3 of demineralization, poss ib ly ,  in terms of  s ide effect$ 

i$ hydrochloric acid. 

These 

Study of so f t  Tissuesa 

StudLss ofblood and marraw smears have been reported 

pmaviously (See Progress Lieport, Sepimber 15, 1953), and the 

conclusianr arc included in that iieport. 



SUYMARY OF REPCRT 

December 31, 1% 

The results of the study carried out during past year 
on physic81 factora involved in the deainerrlirrtion o f  bone 

ha8 demonstrated the baric limitatisns iapose$ upon methods of 
removal of ainoral frm bone and has rnalyzed 

factors that  incmase the rate o f  dsainera1itation. 
o€ the 

. 
The basic lfia5tationr upon the zrate ef .deainerrlixrtio~ 

MY be surrarited l is t  

IL. 9urfrcro arvqt ThLs is the major l imitrtien in . -  
-~deainorrtirrtien becrura the sate of Masvr i  af born 

rr i t r  t s  ifrnitod by ttte mount sf surface r v r i l a ~ e  

t a  tho 8ctl.n of the doainerrliring agofit. 

the aurface area of bone exposod, the  lb~m rapid the 

rut8 of domin~ra~itationt the s e r l r s r  tb. surfrce am8 

per unit of bone mars, the slower the rate e€ deaiwrrli- 

oation under any given conditiens. 

The grertet 

2. Bmiakdswn and removal of minerd  frtom bone; Phis is 
the second liaitation imposed upon that of surface’ 

area rveflarble. 

interralate t o  produce this limitrtiont 

Several factors Contribute and 

a )  The diffusion distance; This determines the rate  

of d i f fus ion of the rcfd into thrr bone and the 

rata GI relaoval of calcium 8rltr  from the bone by 

impacing 8 diffusion grrdisnt along ‘which dl 



matrrirlt must move. ?he great8r the d i f f u s i m  

distance,  the greater the time mcesaary for an 

acid or salt t o  traW9rW it, and tho $larP+r the E 8 t e  

af  desineralizatfon, 
b) The dis soc ia t ion  constant of the baainer~litina r c u  I 

The dirsocirtion or amount of r v r f h b b  hydrogen bon 

in sn acid i6 8 detcnainMt Of the rat8 af bmrttdtmft 

. 0f the  bone sults, The h i g h 2  hhe fonStation sf the 

acid,  tha more rapid the rat8 ef  dwifkrrliratialt. 

lhfe  i a  a d a t e d n r n t  of ;ha rr%o rf k m ~ d  &'UH b .  

salts frorr the bo& 

4 t 

. '  ,'; 

Raht%Wly 1 

rrpid%y a t  the S i t +  64  rfa+r8), bkrLdclR, 

d l  me us@* f l iw i d  w i t  hia the it& B e r m  

sf the benet 

This is a factor which t o  a considerable extent t0ntrolr 

the thrue enumerated above (Cf,, I ,  b, c ) ,  becruse 

diffusion, laniz8tion of t h e  acid for breakdown of the 

bone mineral, and solubilizing of the calcium s a l t  of 

the  acid a l l  demand liquid. Thus, the mount of 

liquid available within the bo- matrix f0l louing the 

mineral maoval  frsa the regisn will be 8 dstsrcainmt 

I .  

. .  
. I .  



F a c t o r s  t h a t  may incream rate of demfneralization are as follows: 

1. Concen t ra t ion  of acid:  An optimum concentration of acid 

epprrently is around 1 molar. Increase of the concentration 

beyond 2 molar does n o t  correspondingly increase the rite of 

removal of mineral. Concentrations below 0.2 molar are 80 

slow i n  removal of f i i h e r a l  BS t o  be vr~ueler-8. ’I 

2. Effect of temperature3 ’ Teaperature increase beyond 40%. 

does nat  y i e l d  a concomitant increase in the rste of 

demineralization. 

soft parts  may increase a t  the higher t8mperrDum8, 

optimum temperature far removal ef amre1 P r o m  bane p i  

t e  b4 about 35OC. 

The unwanted 8 lde  effeetr sf dura- t o  

The 

3. AQit8tiOn of the bone s-1 os Agitatisn-of the bon8 I 
during deminerslir ation increases the rate about 29%. 

4. Efficiency of tho demineralftinq aqentr Of t h e  d ~ r i n o r ~ f f z i n g  

agents studied t o  date, the  most desirable is hydreehlorfc 

ac id  which hat  a high dissociation constant, a high so lub i l i ty  

of its crlciun salts, 11 high rats of demineralization, and 

apparent lack of deleterious side effectm. 

Experiments on s o f t  tlrruasr 

Experiments with soft tlrsuas have dramr%rated that  blood 

and bone marrow smears can be protected from acid concontratisnr 

up t o  2 molar for as lsng 16 eighteen hours by f i x a t i m  with  I 

methyl alcohol - metal l ic  lodine solution.  Pollawing acid 

treatment the morphology and rteiaabilfty of these smears wti*h’ . _  

IO41219 




