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Recently, a t tempts  'have been made t o  decrease the t i m e  

necessary  f o r  dernineral i t2t ion of bone by adding var ious compounds 

t o  t h e  demineral iz ing ac iu  which binc? and remove the d isso lved  

bone minerals .  The coqaunds used f o r  t h i s  purpose have been ion  

exchange r e s i n s  and che la t ing  agen t s ,  Because both of these 

compounds emplay the same p r i n c i p l e  i n  deminera l iza t ion ,  they have 

been considered as a uni t  f o r  t h i s  i n v e s t i g a t i o n  of the i r  

use fu lness .  

Dotti, Paparo, and Clarke3 introciuced a method f o r  

demineral iz ing bone whfch used an i o n  exchange r e s i n ,  Win 3000, 

mixed wi th  formic a c i d .  The method was repor t ed  t o  demineralize 

more r a p i d l y  than o t h e r  methods and no t  t o  a l te r  tine morphology 

or s t a i n i n g  r eac t ions  of the  t i s s u e  elements.  L i l l i e  4 , i n  a 

review of t h i s  paper, questioned whether the r e s u l t s  of the method 

were a c t u a l l y  be t te r  than formic a c i d  alone Secause there was no 

formic  acid con t ro l  f o r  comparison. 

use of c a t i o n  exchange r e s i n  i n  demineral izat ion,  found t h a t  

cc.dlitj.cn of the ion  exchange r e s in ,  Win 3000, t o  f o r n i c  

Case2, i n  a study of the  
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acid did not appreciably skdTten the demineralization time 

nor enhance tissue preservation and staining qualities. 

Sreebny and Nikiforulc7 and Birge and Imhoff’ introduced 

a method of demineralization using another calcium acceptor. 

This method uses t he  chslating compound ethylene diamine 

tetra acetate or Vexena te f  in acid solution for demineralization. 

The method was acim:tte:l?lly s l o v c r  than o t h e r  methods, but it 

was still thought ta be valuable because of the excellent 

preservation of the tissue elenents. 

The purpose of this study is to determine whether ion 

exchange resins or Versenate have any advantages not found in 

the use of an acid solution alone. 

i .;.%raatc 5s the proprietary name given this compound by the 
3;3:kmPt;h Chemical Company, Framingham, Massachusetts. 
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1. Bone samples far thc  experiments were e i the r  (1) dense 

c o r t i c a l  bone froin the shsft af an  air-dried,  a d u l t ,  

human femur or ( 2 )  whole caudal extremities of male 

Wistar rats m e r  150 2ays of age wi th  the  s o f t  t i s s u e  

I n t a c t .  

bone sample pi?evioilsly r e s c r t e d  (Morris and Benton5). 

A l l  deminera l iza t ions  were made i n  polyethylene conta iners  

and the  samples were agitated a t  78 rpm a t  25' C .  on a 

r o l l e r  a g i t a t a r .  

100 r n l  af a c i d  s o l u t i o n  of known molar i ty  were used i n  

each deminera l iza t ion .  

of r e s i n  in the saturated hydrGgen f o r i  were added t o  

100 ml of a c i d  s o l u t i o n  af known molar i ty .  

Four ion  exchange r e s i n s  were used f o r  the experiments: 

The s m ~ l e s  of hvman bone were from the s tandard 

2 .  

3 .  

I n  the r e s i n  experiments, 24 grams 

4. 

1) IRC 50: a c a r b x y l i c  a c i d  type c a t i o n  exchanger 

which ope ra t e s  i n  a pH range from 4.0 t o  8.0.t 

2 )  IR 112: a s u l f o n i c  a c i d  type c a t l o n  exchanger which 

operates over  the e n t i r e  $3 range.? 

3 )  I3 120: a s u l f o n i c  a c i d  typa o a t l o n  exchanger which 

ope ra t e s  over  the e n t i r e  pH range.7 

t Grateful acknowledgment is made t o  the Rohm and Haas Chemical 
Corporation who suppl ied  t h e  r e s i n s  f o r  th is  study. 
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4 )  Win 3000: an ammonium s a l t  of a su l fonic  ac id  type 

c a t i o n  excharger  which operates In the  a o l d  

range. 

5 .  The e x t e n t  of d s s i n e r a l i z a t i o n  was determined by X-ray 

photography, 

Determinations of ac id  concentrat ion,  calcium, phosphorus, 6 .  

and n i t rogen  were ixae  on a l l  so lu t ions  before and a f t e r  

deminera l iza t ion ,  The t echn ica l  methods used were descr ibed 

i n  t h e  s e c t i o n  on Materials and Methods,in a previous paper 

(Morris and Benton5). 

$ Ninn 3000 i s  d i s t r i b u t e d  by WinthropStearns ,  Inc.  of 
New York City. 
l o 4 1  t u  



EXPERININTS 

EXPERIMENT 1: Comparison - of demiiieralization using - ion exchange 

resins and acici with the acid alone. ----- 
Five pieces of standard bone were shaped to approximately 

the same weight and surface area according to the method described 

in a previous paper (MJrris and Benton5). 

bone samples were from 235 to 244 me and the surface areas from 

The weights of the 

165 to 169 sq. mm. One piece of Gone was placed in each of the 

following solutions: 

1 molar hydrochloric acid 
1 molar hydrochloric acLd .c 25 Grams of I R C  50 ion exchange 

1 molar hydrochloric acid t 25 grams of I R  112 ion exchange 

1 molar hydrochloric acid + 25 grams of IR 120 ion exchange 

1 molar hydrochloric acid + 25 gams of Win 3000 ion exchange 

resin 

resin 

resin 

resin 

The bone samples were agitated in these solutions until completely 

demineralized as determined by X-ray photography. 

After the bone samples were corqletely demineralized they 

were digested in concentrated bydrochloric acid. Calcium, 

phosphorus, nitrogen, and molarity determinations were made on 

all the demineralizing solutions and on the digestion solutions. 

RESULTS : 

The Sone samples were not demineralized in the same amount 

of time; the samples in the acid alone and the I R C  50 t acid were 

demineralized in 17 hours, The samples in I R  112, I R  120, and 
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Win 3000 i acid were demineralized In 19 hours. 

The weight loss f o r  a l l  t h e  bones was about the bame, but 

t h e  least  weight loss was found i n  tne  samples demineralized 

i n  the a c i d  alone,  I R  112, and Win 3000 + a c i d .  These samples 

l o s t  about lo5 mg of the i r  weight. The samples demineralized 

i n  I R  120 and I R C  50 had a weight l o s s  of about 111 mg o r  6 m g  

more than the o t h z r  samples. These data are shown i n  Table I. 

There was no s i g n i f i c a n t  change i n  the a c i d  molarity of 

any s o l u t i o n  ciurinz Cemineralization; n i t rogen  determination0 

on the demineralizing solutions showed less than 0 .1  mg n l t m g e n  

f o r  all samples. Unbound mineral  i s  recorded i n  Table I. 

The n i t rogen  determinations on the d iges t ion  mixture of 

t h e  demineralized bone pieces showed no d i f fe rence  i n  the amount 

of p r o t e i n  hydro lys is  between the-zcid and r e s i n  so lu t ions .  

All determinat ions were wi th in  2 p a r t s  per  1000 of  each o t h e r .  

No calcium o r  phosphorus could be de tec ted  i n  the d iges t ion  

s o l u t i o n s ,  These data are recorded i n  Table I, 

EXPERIMENT 2: Comparison - of demineral izat ion -- with ion  exchange 

r e s i n s  and a c i d  w i t h  a c i d  alone us ing  bone and 
---_I_ -- 

assoc ia t ed  s o f t  t i s s u e s .  - 
The caudal ex t r emi t i e s  of male Wistar rats over 150 days 

of age were fixed by perfusion w i t h  lC$ formalin, Bouin's 

so lu t ion ,  o r  5% iodine i n  methanol. 

Four ac ids  w i t h  f o u r  r e s i n  combioations were used i n  the 

experiments. The acids were 1 molar concentrat ions of 
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hydrochlor ic ,  formic, t r i ch lo roace t i c ,  and phosphoric a c l c h .  

Each a c i d  was used i n  f i v e  o m b i n a t i o n s :  as a c o n t r o l  

s o l u t i o n  of acid alone, o r  wi th  25 %rams of I R C  50, or 13 112, 

o r  I R  120, o r  with Win 3000 r e s i n .  I n  a l l ,  75 v a r i a t i o n s  of 

f i x a t i v e - a c i d  so lu t ion - re s in  were used. 

Before the ex t r emi t i e s  wzre placed i n  the demineralf l lng 

s o l u t i o n s ,  t he  muscle t issue was trimmed t o  a thickness  of 

about  1 centimeter on a l l  sides of the bone samples. Complete 

deminera l iza t ion  was determinecl by X-ray photography i n  a l l  

samples except those fixed in iod ine  s o l u t i o n .  The presences 

of the iodine i n  the t i s s u e s  made the  specimens opaque and 

masked the removal of the calcium from t he  bone. After 

deminera l iza t ion ,  the extremities were sect ioned f o r  microscopic 

examination. These resul ts  will be reported in a subsequent 

paper. 

Calcium, phosshorus, n i t r o s e n ,  and molar i ty  determinations 

were made on the demineral iz ing s o l u t i o n s  before and a f t e r  

deminera l iza t ion ,  

RESULTS : 

The order  of deminer4l izat lon of the  var ious samples may 

have been due t o  the d i f f e r e n c e  I n  the s i z e  of the extremities 

and the amount of  nuscle mass although the  specimens were 

selected a t  random. I n  genera l ,  the control ,  the a c i d  alone, 

f i n i s h e d  f i r s t  most f requent ly ;  the r e s i n  solutions I R C  50 

and I R  112 usual ly  finishec: e a r l y ,  Win 3000 f in i shed  late as 
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o f t e n  as i t  f i n i s h e d  early anC 13 2 : 2  ;J?.s t.he so17.?tLon most 

f r e q u e n t l y  last t o  de:nlneraliz” the  saT21.e. 

Changes i n  t h e  molar i ty  of th? a c i d  solrxtion were slight 

being less than 0.2 molar i n  t he  c o n t r o l  and IRC 50 r e s i n  

s o l u t i o n s ,  and less than  0 .1  molar i n  the o t h e r  r e s i n  s o l u t i o n s .  

Nitrogen determinat ions showed tha t  most; n i t rogen  was 

removed from the t i s s u e  Curing deminera l iza t ion  by t r i c h l o r o a c e t i c  

acid; phosphoric ac iC was next ,  and t h s n  formic a c i d .  The least 
amount of n i t rogen  removed was Sy hydrochlor ic  acid. The amount 
of n i t rogen  removed by an a c i d  was the same w i t h  o r  without the 

a d d i t i o n  of r e s i n s .  The average ni t roZen removed by the var ious 

a c i d s  i s  recorded i n  Table 11. 

EXPERIMENT 3: Com?arism - of a l k a l i n e  -- and acid Versenate + 
- as demineralizing agents  --- w i t h  1 molar hydrochloric 

a c i d ,  - 
Samples of s tandard  bone were shaped t o  approximately the  

same weieht and su r face  a rea  as r,reviously descr ibed (Morris 

and ~ e n t o n 5 ) .  

Data: Sample Weight Surface Area 
(md (sq. m.1 

1 
2 
3 

*8 8 
85 

106 
105 
105 

-~ - 

+ Grateful acknowledgement i s  made t o  the Bersworth Chemical 
dompany of Framingham, Massachusetts who supplied the Versenate 
f o r  these s t u d i e s .  



Sample 1 was placed i n  a 1 m o 3 r  corlcentration of' 

hydrochloric acid; sample 2 was placed In a 0.1 g.3j-ar (s.-itur;lCUcd) 

solution of di-sodium di-kTdrogen Versznate at pH 4.8; sample 
3 was placed in a 0.1 molar (saturated) solutior- of tetra-sodium 

Versenate at 2H 8.8. 

not used because it is almost insoluble at the higher pH values. 

ThG tetra-kgdrogen form of VeL-senate was 

Complete demineralization was determined with X-ray 

photography, 

RESULTS : 

Nitrogen deterninations were made on a l l  solutions. 

Sample 1 in 1.0 molar hydrochloric acid was demineralized 

in 4 hours; sample 2 In di-sodium di-hydrogen Versenate was 

demineralized in 12 days; sample 3 in tetra-sodium Versenate 

was not completely demineralized in 25 days when the experiment 

was terminated. The amount of nitrogen in all solutions mas 

nil. 
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DISCUSSION - 

The purpose i n  us ing  an i o n  exchange r e s i n  f o r  

deminera l iza t ion  is two-fold (Do t t i  e t  a l3) :  

t i m e  necessary f o r  demineral izat ion,  and t o  decrease the amount 

of s o f t  t issue d e s t r u c t i o n  by the h y d r o l y t i c  a c t i o n  of the ac id .  

Ion exchange r e s i n s  w i l l  accept  and bind ca t ions ;  1;p.removiag 

the c a t i o n  Ca+f; i t  was bel ieved t h a t  the d i f f u s i o n  gradien t  

of the bone salts o u t  of the bone would be increased,  and t h i s  

would decrease the t i m e  necessary f o r  demineral izat ion.  The 

use of i o n  exchange r e s i n  Win 3000 was repor ted  t o  prevent 

morphological a l t e r a t i o n  and t o  maintain the t y p i c a l  s t a i n i n g  

r e a c t i o n s  of  the c e l l u l a r  elements.  

was n o t  def ined by the innovators  of the method, 

t o  decrease the  

The mechanism of pro tec t ion  

A l l  c a t i o n  exchange r e s i n s  do no t  accept  the same amount 

of calcium i o n  pe r  &ran of weight. T i t r a t i o n s  of r e s i n s  wi th  

calcium ion  showed t h a t  I R  120 and Win 3000 were the most 

e f f i c i e n t  calcium acceptors and bound about 28 mg Cat+ per  gram 

of r e s i n ;  I R  112 was in te rmedia te  i n  c a s a c i t y  and bound about 

18 mg Cai+ per  gram of r e s i n ;  I R C  50 had the least  capac i ty  and 

bound less than 1 rnz C a t +  per gram i n  acic! so lu t ion .  

I n  Experiment 1, s tandard  bone samples were demineralized 

i n  mixtures of hydrochlor ic  a c i d  and r e s i n s .  The r e s u l t s  showed 

Ifrd 50 t o  be the most r a p i d  r e s i n  demineral iz ing system; th i s  

r e s i n  accepts  the least  amount of calcium i o n  of the r e s i n s  
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studied. In Experiment 2, where resins and acids were used 

for demineralizing bone with associated soft tissues, IRC 50 
- 

and IR 112 were the most ra?id resin demineralizing systems; 

again, these resins are low calcium ion acceptors. The resins 

with the highest calcium ion binding capacity were slower 

demineralizing systems. In both ExperimcBts 1 and 2, the resin- 

acid mixtures d i d  not deninemlizc as rapidly as did the acid 

solution alone. 

Protection of the tissues by resins could not be demonstrated. 

The amount of nitrogen in the solution after demineralization 

indicates the amount of protein nydrolysed by the acid solution, 

If the resin solution protects the soft tissues from tbe acid 

hydrolysis, the amount of nitrogen In the resin solutions should 

be less than that found in the control acid solutions, In 
Experiment 1, the amount of nitrogen in the solutions after 

complete demineralization was the same for both the acid control 

and the acid-resin solutions. 

digested demineralized bone samples was the same for the control 

acid solution and the acid-resin solutions. 

where the caudal eXtremities of Wistar rats were demineralized 

In combinations of acid-resin-ficative, the muscle bulk offered 

almost unlimited protein for acid hydrolysis; the amount of 

nitrogen removed from the samples was the same f o r  all the 

fixative-resin combinations with a given acid. A difference 

in the amount of nitrogen released from the tissue was found 

The mount of nitrogen in the 

In Experiment 2, 

1 0 4 1  t 5 b  
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but  t h i s  was as soc ia t ed  w i t h  the typ of a c i d  tlsed. 

aclct removed the  most n i t r o g c n  from the t i s s u e s  and hydroch!-oric 

a c i d  removed the least  amount of n i t rogen  from the tissues 

( c f .  Table 11). 

Trichloroc?ce”,-,- 

Thus, i t  has been fovnd i n  these experiments that  r e s i n s  

do not  decrease the tI.ine r.cci.ssa.?y f o r  demineral izat ion.  Resins 

do no t  o f f e r  p r o t e c t i o n  t o  t h e  s o f t  t i s s u e  parts as demonstrated 

by the n i t rogen  determinat ions because the amount of n i t rogen  

removed by an a c i d  was the same with o r  without the a d d i t i o n  of 

r e s i n s .  

The use of the c h e l a t i n g  agent,  Versenate, was found t o  be 

i n e f f e c t i v e  because of the very slow r a t e  of demineral izat ion.  

Acid Versenate does no t  o f f e r  any advantages which are n o t  found 

i n  hydrochloric ac id ,  but  does o f f e r  the  disadvantage that  i t  

takes  70 times as long t o  demineral ize .  

One of the advantases of Versenate according t o  the r e p o r t  

of SreeSny and Nikiforuk7 Bas that i t  could be used as a n e u t r a l  

o r  a l k a l i n e  demineral iz ing agen t .  

demineral izat ion,  f o r  a l l  p r a c t i c a l  p r p o s e s ,  does n o t  take place 

i n  a l k a l i n e  Versenate s o l u t i o n .  Thus, Versenate t o  be e f f e c t i v e  

must be i n  t h e  a c i d  form and the re fo re  presents  the same 

d i f f i c u l t i e s  as any weak acid so lu t ion .  

Experiment 3 showed that  

I n  previous papers (Morris and Benton5t6) i t  was demonstrated 

t h a t  the speed of deminera l iza t ion  i s  determined by t h e  d i s soc la t ion  

cons tan t  of the acid used t o  break down the bone mineral .  If a 



13. 

r e s i n  i s  added t o  the  demineral iz ing a 3 t d ,  I t  does not  altei. 

the amount of hydrogen ion  p r e a e r t  by accept ing  the calcium 

sa l t s .  Further ,  the r e s i n  does not  p r o t e c t  t he  t i s s u e  from 

the  hydro ly t i c  a c t i o n  of t h e  a c i d  by accept ing the free a i t i o n s .  

The r e s i n  may p ro tec t  the t i s s u e  t o  a l imi t ed  ex ten t  by removing 

the hydrogen ion  frcm s o l v t i o n  axd reducing the  acicl 

concent ra t ion ,  but t h i s  was improb&:@ i n  the experiments 

because t h e  r e s i n s  were i n  the  s a t u r a t e d  ac id  form i n i t i a l l y ,  

and i n  t h i s  s t a t e  w i l l  accept  almost no add i t iona l  hydrogen ion.  

Th i s  was demonstrated by t i t r a t i o n s  of the aclG molarity before  

and a f t e r  add i t ion  of the r e s i n s  t o  t he  so lu t ion ;  no d i f fe rence  

i n  mola r i ty  could be determined. 

Hydrogen ion  is the respons ib le  agent  f o r  demineralization 

of bone and f o r  the a l t e r a t i o n s  i n  norgholobgy and s t a i n i n g  

quali t ies of the t i s s u e s .  

a d d i t i v e s  which r emve  calcium and o t h e r  ca t ions  from the 

s o l u t i o n  but a r e  i n e f f e c t i v e  i n  dcmineral izat ion.  

The r e s i n s  o r  chelating agents are 



1. Four cation exchange resins in acid solutions were studied 

The resins to determine their effect on demineralization, 

did not decrease the time necessary f o r  demineralization 

below the tiine n e x s ~ w y  r-.:? derdne?alization with the 
acid solution aloilz. 

Ion exchange resins do not offer any protection to the 

soft tissues during demineralization, 

removed from the samples was the same with or without 

addition of the resins to the acid solution. 

Vcrsenate is a weak acid demineralizer similar to acetic 

acid in action. 

destruction, it greatly increases the time necessary for 

demineralization. 

which are not present in hydrochloric acid. 

Versenate demineralizes bone in alkaline solution extremely 

slowly. 

2. 

The amount of nitrogen 

3. 
While it does not produce tissue 

It does not offer any advantages 

4. 
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