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A BSTRACT

Freshly mixed , unset zinc-free and zinc-containing amalgam was

implanted in the right tibia of thirty-two rats. Half of the Speci-

mens were examined by the light microscope and the other half by the

scanning electron microscope and x-ray microprobe analysis. It was

found that amalgam is well tolerated by the rat osseous tissue, and

that there was no histological reaction differences between zinc and

zinc free amalgam.

The surfaces of the implants were covered by an organic film at

three weeks, and with bone at later intervals. Very little corrosion

products containing sulfur were observed on the amalgam surface at all

intervals. Bone adjacent to the amalgam contained tin and sulfur

irrespective of the presence of zinc in the alloy, indicating outward

ri gration of specific components of the alloy .
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The use of  amalgam as a r e s to ra t ive  ma te r i a l  in opera t ive  de n t i s t r y

is a well established and accepted techni que . The sane techni ques of

an algamat ion , asepsis , and retent ive cavity form are employed when the

material is used in per iap ica l surgery to insure an adequate ap ical seal

of the root canal. Since amalgam is widely used , numerous studies have

evaluated its chemical and physical properties and to a much lesser ex-

tent the tissue tolerance to this material.

The studies concerning biological compatibility of amalgam have

been largely confined to soft tissue reactions in various experimental

animals , principally rabbits ,2’3 rats ,’’~ or cell culture r ictions.5

These have shown amalgam to be biologically well tolerat ed. The material

employed was mixed and allowed to set prior to irnplantation .’’
2
’~~’

5

Results varied from chronic inflammation at the end of an average

implant time of 23 weeks,2 to the material being walled off with a

fibrous capsule at the end of 32 days.’

When freshly mi xed amalgam is implanted , a severe inflammatory

reaction is found , which , over the period of two days to four weeks ,

changes to a mild response.3

Silver amalgam may be less irritating and better tolerated than

gutta percha. Healed bone was observed to be in direct contact with

implanted amalgam in more cases than with gutta percha. However, these

invest igators used preset and ster i l ized amalgam .1

Copper amalgam was the accepted material for use in apical root

.
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root resect ion un t i l it was suggested that the caustic qualit y of the

mate r ia l  may outweigh any benef i t  derived from its an t i sep t i c  propert ies. 2

As a consequence , the  use of s i lver  amalgam r o u t i ne l y  emp loyed in opera-

t i ve den t i s t ry  c aine to be the mate r i a l  of choice for apical  amalgams .

Since 1959 there has been a virtual ban on the use of zinc-containing

alloy for apical fillings. This ban is based on the report of one case

of surgical failure in which a zinc carbonate precipitate was noted and

attribut ed to the zinc contained in the amalgam or “from the root canal

post

Supposedly, by eliminating the zinc , the phenomenon of electrolyt ic

inflammation caused by the zinc ion can be avoided . However, the criti-

cal level of concentration of zinc ions to produce clinically apparent

changes is unknown. ~

In endodontics it is of paramount importance to minimize irritation ,

so as not to impede healing and to yield increased assurance of success-

ful resolution of the bony lesion . This study was undertaken to compare

the inflammatory reactions in rat osseous tissue of freshly mixed zinc-

containing amalgam to zinc-free amalgam . The inflammatory response was

evaluated and the surface changes were examined by light microscopy by

the scanning electron microscope and the x-ray microprobe analyzer.

METHODS AND MATERIALS . -

Freshly mi xed , unset amalgam wa.. implanted in the right tib ia of

thirty-two , 200-250 grams, Walter Reed Strain rats. In half of the

2
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an ima l s , z i n c - c o n ta i n i n g  amalga.m* was used ; z i n c - f r e e  amalgam ** was used

in the other half. The amalgam implan t s  were prepared in a ~/64 inch

K-G retro-filling amalgam carrier. *k The left tibia was u sed as t he

control , being surgically prepared , as was the right tibia , but no im-

plant was imbedded . Eight rats , four with implants of zinc-containing

amalgam and four with zinc-free amalgam , were sacrificed at intervals

of 3, 6, 9, and 12 weeks.

Half of the spec imens were prepared for light microscopy and the

other half for scanning electron microscopy. The light microscopic

specimens were fixed in 10% buffered forma l in solution , decalcified ,

double embedded in paraffin , sectioned at 611m and stained with hemotoxylin

and eosin. The specimens for scanning electron microscopy and x-ray

microanalysis were fixed in 2.5% gluteraldehyde in cacodylate buffer at

pH.7.4, dehydrated and coated with carbon .*** Specimens were examined

in the SEM**** fractured through the amalgam-bone interface , recoated

with carbon , and re-examined . X-ray analysis of the implant surface was

performed with an EDAX analyzer equipped with the EDIT II computer soft—

ware .*****

*L. D. Caulk Co., M ildford , Delaware
**Union Broach Co., Long Islan d City, New York

***Flummer II Sputterer Coating Apparatus Techniques Inc .,
Al exandria, Virginia

****Model 1000 Scanning Electron Microscope , Advance Metals Resear ch
Corp ., Burl ington, Massachuse tt s

*****Energy Dispersive X-Ray Analyzer , Model 707-A , EDAX m t .
Prairie View , Illinois
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RESULTS

Li ght ~~~~~~~~~~~

Three Weeks

Microscop ic f i n d i n g s  at the three weeks in te rva l  demonstra ted vigorous

osteoid formation near the amalgam implant , coupled with evidence of

callous-like formation over the surgical site for both the zinc-free and

the zinc-containing experimental groups. Polarized light revealed fibrous ,

feathery-fringed trabeculae of calcifying bone matrix , chronic inflainma-

tory cells , predominantly lymphocytes, with fewer histiocytes and plasma

cells present in both groups.

Areas of sequestrated or devitalized bone from the effects of the

surgical procedure were not apparent.

The control side surgical sites exhibited normal hea l ing with a

callous formation featuring a classic filling pattern . (Figures 1 ~ 2)

Six Weeks

The six week group pre sented a simi la r picture with the exception

that histiocytes were no longer observed . Lymphocytes were present in

relatively fewer numbers than in the three week specimens. Osteoid

continued to be laid down and the chronic inflammatory response appeared

slightly more severe in zinc-free as compared with zinc-containing group.

In the control side healing was almost complete.

Nine Week s

The n ine week specimens of both groups were considered to be corn-

4
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p l e t e l y  healed even though some s l i g ht i n f l a m m a t i o n  pe r s i s t ed . In some

areas a f ibrous capsu le  rang ing f rom fou r to ei g ht c e l l s  in t h i c k n e s s

and w a l l i n g  o f f  t he  i m p l a n t  m a t e r i a l  was seen . In adj acent areas  the

stimula t ion  of bone fo rmat ion  around the amalgam implant  was noted as

evidenced by the presence of large plump os teoblas t s  r imming imm ature

osseous t rabeculae .  The cal lous  formation was complete and appeared to

be mature bone. Polar ized l i gh t  demonstrated normal l a me l la t i o n s w i t h i n

the newly formed bone. There was min ima l  d i f ference  in hea l ing  or

inf lammation between the two groups . Healing was complete in the con-

trol specimens.

Twelve Weeks

At twelve weeks , heal ing was complete in both groups and the im-

p lants  were walled off by a fibrous connective tissue capsule within

the bone. Some bone was noted in direct contact with the amal gam

(Figures 3 f~ 4), with no evidence of incompatability at the interface.

Scanning Electron Microscopy

Examination of the control surfaces in the SEM revealed the irregu-

lar surfaces of both zinc-containing and zinc-free amalgams (Figures 5

~ 6). Elect ron microprobe analysis in the SliM revealed characteristic

x-ray spectra of mercury, silver , tin , copper , and zinc (Figure 7).

[Note: Figure legends will explain the different x-ray l ines.] The

zinc-contain ing alloy had higher concentration of tin as seen in the

comparison of the tin L series of spectra in the figure. Copper was

presen t in the zin c al loy , but undetectable in the zinc-free alloy.S



At var ious  i n t e r v a l s  a f t e r  imp lan t at  ion of the :~ l lo ys , the implantation

s i t e s  were removed , f rac tured  through  the b o n e - i m p l a n t  i n t e r f a c e , and

t he surfaces of the a l l o y  and bone s tudied wi th  SliM and x- ray  a n a l y si s .

Af ter  t w e l v e  weeks , t he sur fac es were cov ered by a p rote in aceous

covering obscuring the surface features.  (Fi gure 8) In the l a t t e r

in te rva l s  of h e a l i n g ,  bone was observed in direct apposition to the

amalgam surface. (Figure 9) Very l i t tl e  corrosion products ( s u l f u r

and chlorine) were detected upon the alloy surfaces at any of the time

intervals studied. All implant surfaces exhibited firm attachment of

bone, demonstrative of the universal presence of calcium and phosphorus

x-ray spectra , and the close adaptation of new bone to the alloy surface

as seen in the SEM . Sulfur was present and chlorine absent in all

(13/13) of the implant bone sites. Tin was present in eleven of the

thirteen (85%) bone sites , and silver , mercury, or copper were detected

in none. Zinc was present in only one of the bone sites (at twelve

weeks) and the site did not contain either copper or mercury . In relat-

ing sulfur to tin concentration on the bone surface, some degree of re-

lationship was indicated , since eleven of the bone sites (35%) had equal

or higher peak intensities of sulfur over tin , whereas in only two cases

was the tin higher than the sulfur intensity .

An interrelation of sulfur  with  the presence of zinc was more diffi-

cult to demonstrate , slight ly greater sulfur intens ities were present in

zinc-containing alloys than in the zinc-free alloys.

6



D ISC U SSION

The Ii i ~.t ol us~ ic~i I results ~ ri firmed what has been prey ious ly

ass umed and reported . Amal g am is a b iolog i c a l l y w e l l  to le ra ted

mater  i d .  Ev en though at t h r ee and s ix weeks t h ere app eared t o be

a sli ghtl y more chronic inflammatory response in the zinc-free speci-

mens; this difference was nat considered significant. Osteoid forma-

tion fo l lowed by new osseous matura t ion  adj acent to the amalgam was

ind i ca t i ve  of the high degree of tolerance of the implant by the rat

osseous t issues . Phosp horu s and ca lc ium were present , indicat ing the

close proximi ty  of bone fo rmat ion to the implant  surface.  One implant

displayed only calcium and phosphorus peaks , the result  of bone being

so closely in contact  with the amal gam , t h at a me chan i ca l  loc k was

formed. When t h i s  specimen was spli t , t h e hon e separated f rom t h e

under ly ing  tissue rather than at the bone-amalgam interface.

It is of interest  to note that  a s imilar  corrosive process was

found in both amalgams. The microprobe studies of the  i n t e r f a c e  between

the al loy  ~nd the bone indicate that not much difference in elemental

migration occurs when the zinc and zinc-free alloys are compared . Very

little sulfur and no chlorine was detected on either alloy, whereas at

the bone surface, tin and sulfur were almost universally present , re-

gardless of the presence of zinc. The presence of both zinc and tin in

the amalgam alloy may he related to a higher concentration of sulfur in

the adjoining bone , indicating a more corrosive process in the zinc alloy .

7
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(~~I~1~i t  i t a t  i on  l:~~ : i s I I r ~~~t H t  ; %~~r(- riot 1o~~;ih l~- ce;w~ U O f  the un—

Ce rt :i in  ~ u i i t - t  ry of I he x - ray det cc t iOfl  ( C u d I I U r i s .  l f ~,II It  : :;ffl I~est  a

relat lonshi p 1o :we~ ii tin and ~ulfu r in the one , pos ;ibly ~ n c  o f  ehe ini—

cml  comb i n~i ion . I ( m t v c  r , i U t ~~ i nst  a ;i c  es su I far w;t  p r e se n t ri the

absence of t in. Chlorine and zinc , exce pt in one spec m e n  , h er e  not

d e t e c t e d  in t he  hone , d i s c o u n t i n g  the  impor tance  of t he se  e l e m e n t s  in

t he corrosion proc ess .  Corros ion  m a y  w e l l  he of g rea te r  i m p o r t a n c e  to

tim e u lt in ;i t e S t m L ~~ CSS o r  f a i l u r e  of an endodont ic  case r e q u i r i n g  the p~~tc e—

meri t of an apica l  amal gam ra ther  than the presence of absence of z i n c .

The f a i l u r e  of m z any en d o d o n t i c a l l y  t reated tee th  whose canal s  were

obtu rated w i t h  s i l v e r  p o i n t s , has been suggested to be due in part  to t he

corrosion of t h a t  po in t  when t i s sue  f l u i d s  contact  i t . ’’ ’~~
2 ’13 The

co rrosion process may not be s imi l a r  when amalgam a l l o y s  and silver

p o i n t s  are compared s ince , co n t r a r y  to x-ray s tudies  of s i lver  p o i n t s ,

no s i l v e r  was de tec ted  at the bone surface in amalgam;  t h i s  e lement  seem-

ing ly  a f f i x e d  in the  a l l o y  to the mercu ry ,  wh ich also was no t f ound in

t he ad jacen t  bone. It  is poss ib le  tha t  some apical amalgam f a i l u r e s

m ight be attr ibuted to the amalgam p laced ~ t the ap ical en d of the root

coming in to  d i rec t  contact  w i t h  body t i ssue  f lu ids  and corroding.  h ow-

ever , fu r ther  s tudies  of long term i m p l a n t a t i o n  of amalgam should  be

undertaken in order to clarif y success or failure in relation to corrodi-

bility of amal gam , since in this study inflammation was absent in the

presence of corrosion.

8
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I ron tim e results of this inves t i gat ion , and f r o m  ot h e r  s t u d i e s ,

react  ion to apical ly Ir :p la flt ed amalgam in humans is a nult ifaceted

problem. The initial inflammatory response should be c o n s i d e r ed as a

separate entity from response to the later corrosion . Corrosion of

the amal gam , seen in nine and twelve week samples in this stud y, occurred

in the presence of a successfully healed implant site , and did not appear

to in i t i a te  an in f l ammato ry  response. F i n a l l y ,  long term response of

tissue to the metallic and cor rosio n p roducts  of am a lga m has yet to he

studied . C e r t a i n l y ,  e l emen t s  such as mercury , zinc , tin , copper, and

s i l v e r  in such large concen t ra t ions  at a periapical  s i te  are bound to

ev entual ly in teract  w i t h  the surrounding bone cells and connective

t i ssue  capsule . Ef f ects  m ay be r i e ~i su r ed  not in months but in years ,

and is part of a major  concern in d e n t i s t r y , namely a re-examinat ion of

a l l  den ta l  ma te r i a l s  f o r  the cyt ot oxi c an d mutagenic  e f f e c t s  over the

l i f e t i m e  of the dental  pa t i en t , the recip ient of such implants .

CONCLUS IONS

1. Amal gam with or without zinc is biologically well tolerated

by rat osseous tissue.

2. There were no discernable histolog ical differences between zinc-

containing or zinc-free amalgam implanted in the tibia of the rat .

3. Specific components of the amalgam alloy , tin , and in one case,

zinc , appear to mi grate into the tissue surrounding and are accompanied

by sulf ur , a corrosion product .

4. Long term corrosion of amalgam should be considered as a possible

cause of failures involving apical amalgams , but has yet to be stud ied .
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F IGURN II

Photomic ro~ r .m ph of t br ee  ~e e k  u n c - -free aI.Ial gaui imp lant (;i r ros~~)

Un impeded osteou d pro ! it er .mt ion i s ev i ( lent .  Ori g i n al magni fication X ~O

2 . Ph o t o m i c rogra p h of th ree  week z i n c - c o n t a i n i n g  amna l~ymm i m p l a n t .

Amalgam occupied  space [ * j ;  i~i t h  su r f a ce of bone contact (arrows).

O ri g i n a l  m a g n i f i c a t ion X 1O.

3. Photo mnicrograp h of t w e l v e  week z i n c - f r e e  ama l gam i m p l a n t .  Ama l am

occupied space [ *] ;  w i t h  f i b r o u s  capsule  envelop ing imp la nt  (arrows) .

Orig inal magnificat ion X40.

4. Phot omicrograph of twelve  week z i n c - c o n t a i n i n g  amalgam i m p l a n t .

Amalgam occupied space [*1; w i th  enveloping f i b rous ca p sul~ (a r rows) .

Orig inal m ag n i f i c a t i o n  X40.

5. SEM of z inc-am algam surface  of unimplanted specimen . Ori ginal

magni f i ca t ion  X5000.

6. SF2’! of zinc-free amalgam surface  of un implanted specimen . Or ig ina l

m a g n i f i c a t i o n  X5000.

7. X-ray spectra of unimplanted amalgams, with principal emission l ines

for mercury (a), s i lver (h) , tin (c), sulfur (d), and chlorine (e). Note

difference in intensity of tin L series x-rays between zinc-containing

(higher concentration cf tin) and zinc-free amalgams (spectrum c).

8. SEM of zinc amalgam after twelve weeks implantation . Original

magnification X5000.
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9. S I M  o f whole  t i b i a  c o n t a i n i n g  z i n c - f r e e  arn:i lgam at  t w e l v e  w e e k s .

Not e  bo ne p a r t i a l l y  covering im p lan t  socket. Ori g ina l  m a g n i f i c a t ion X 100 .

10. X- r ay  spectra of z inc-amalgam at twelve weeks. (Implant spectra ,

a ~ b; bone s i t e  facing implant , c ~ d .)
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Implant - 12 Weeks Implant - 1 2  Weeks

Bone - 12 Weeks Bone - 12 Weeks
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