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ABSTRACT

‘Pol yethy l ene tubes obturated flush at one end and overfi lled

2 mm at the opposite end with unset Grossman ’s cement and gutta

percha were imp lanted in rat tibias. Microscopic evaluation of

the specimens revealed that (1) the gutta percha , Grossman ’s

sealer , and the pol yethy lene tubing are well tolerated by rat

intraosseous tissue ; (2) a canal overextended 2 mm beyond the

apex with Grossman ’s cement and gutta percha produces an earl y

mild-to-moderate inflammatory response which resolves by the

30 day interval. The overfil l ings did not significantl y com-

promise the healing of rat intraosseous tissue .
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In endodontic treatment the obliterating materials may terminate

short of the apex , flush with it , or ex te nd i n to  the per iap ica l t i s s u . .~s .

In the latter instance these are usually referred to as overfi ll ings.

Since these m a t e r i a l s  remain pe rmanen t l y  embedded , a knowledge of the

biocompatibi li-t y of the materials used in obliterating root canals is

e s s e n t i a l  for success fu l  endodontic treatment.

Overf illi ng, whether i n t e n t i o n a l  or acc iden ta l , occurs f requent l y

during endodontic therapy . The idea l termination of the obliterating

material is at the cemento—denti nal junction .’ Kuttler ’s studies 2

have shown that the cemento—dentinal junction is .5 mm to .75 inn, from

the apica l foramen . Also , numerous studies have demonstrated that the

main aptC al foramen rarely coincides with the anatomical apex .’”~ Thu s ,

although the obliterating material may appear to terminate at the roent-

genographic apex , the canal is probabl y overfi lled and the material is

extruded into the apical tissues. In teeth with areas of apical rare-

faction resorption has usually altered the norma l morphology, and increases

the difficulty in terminating the filling material at the cemento-dentina l

junct ion .

The apica l termination of the root canal materials in relationship

to endodontic success has been noted in the literature. In the Washington

Study 6 3.85~ of the failures were attributed to overfi ll ings. Schi lder ,7

however , has ma intained tha t overfi ll ing does not prejudice the outcome of

a cas e prov i ded tha t comp le te obl i te ra t io n of t he roo t canal  space has been

accomplished .

- 
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Seltzer and Bender reported tha t teeth overfi lled were less success-

ful (7O.6?~) compared with those teeth which were underfilled (87.2~) or

those teeth which were filled flush with the roentgenograph ic apex

(86.8~ ) . °’~ However , in a study of endodontic failures by Seltzer and

associates ,1 0  of the failures evaluated , onl y 11I0.~ were due to overfil l ing

as opposed to 29?~ in the underfilled groups and 3l~ in the g roups filled

flush with the apex .

Seltzer and colleagues ,’’ ’’2 studied the effects of overfi ll ing

versus underfilling in the teeth of monkeys and humans and concluded

• the opt i ma l tissue repair occurred when the obliterating material was

confined within the canal. Repair was delayed when canals had been

overfil Ted . The inflammatory response was more severe and persisted

for longer period s of time . There was also a tendency toward prolifera-

tion of cell rests of Mallassez .

Muruzaba l and associates ,’3 in a stud y of overfillings in rat

molars concluded that the material protruding beyond the apex acts as

a foreign body and the reaction of the tissues is dependent on the

inheren t phys i co-chemical properties of those materia ls. They noted

that when the protruding material formed a consistent mass , not soluble

in the body f l u ids , the surrounding tissue tended to encapsulate it.

Gutierre z and colleagues ’’
~ investigated overfi ll ings in dentin

imp lants in the subcutaneous tissues of rabb its. A delay in hea ling

was noted around the overfil led implants , but healing was generally not

compromised . Gutta percha in contact with the tissue s and exudate was

d is in tegrated a Id  l a t e r  removed by macrophages. This corresponded w i t h

_ _ _ _ _ _ _ _ _ _  - 
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t he c l i n i ca l  phenomenon noted in periapica l reg i ons of human teeth.

Erasqu in and Mu r uza ba l ,’5~ ’6 tested various root cana l sealing

agents in molars of rats with overfil li ng of the canals. The most

favorable tissue response occurred in specimens with fillings short of

- 
p 

the apex . All of the root canal cements tested in cases of overfi l ling

showed a tendency to be resorbed . When the cements were in contact

with the alveolar surface , necrosis and resporption occurred .

T hus , t here appears to be contrast ing opinions concerning the

b iocompatib ili ty of filling materials which terminate beyond the apical

• foramen . Also , it appears questionable whether the overfi ll in g per se

con t r ibu tes  to a g reater  inc idence of f a i l u r e .

• Friend and Browne 17 reported tha t in the s tud ies  undertaken on

the reaction of living tissue to foreign materials placed in the root

canals of experimental animals , the condition s under which the tests

were conducted introduced too many variables into the experimental

system and thus made the i n t e rp re ta t i on  of the results difficult.

Langeland and asso c ia tes ,~~
8 employed pol yet hy lene tu be implants in the i r

study and conc luded that many confounding va r iab les  could be eliminated

using pol yethylene tubes as a vehicle in which various mater ia ls  could be

imp lanted . They were well tolerated by the tissues and simulated the

prepared portion of the root apex . Pol yethylene tube imp lants have been

used by many investi gators to stud y the biologic response to endodont ic

materia ls. ’9’22

To date no studies have been conducted to determine the histo !ogical

effects on bone of an implant of po l yehtylene tubing filled flush at one
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end and over f i l  led at t he othe r end w i t h  gutta percha as t he so l id  core

and Grossman ’ s cement as the cementing media. Since th is  obl i terat ing

system is in w ide spread use in endodontic treatment , and o v e r f i l l i n g s

f requent ly  occur , it is  important to know the h i s t olo g ic e f fects  of

th is technique on bone t issue.  Therefore , the purpose of t h i s  stud y

was to invest igate the h is to log ic effect tha t an ove r f i l l ed  po lyethy lene

tube implant had on rat osseous t issue.

MATERIALS AND METHODS

In conducting th is research , the invest igators adhered to the

“Guide for the Care and Use of Laboratory An imals ” as p romu lgated by

the Committee on the Guide for Laboratory An i ma l Facilities and Care

of the Inst i tute of Laboratory Anima l Resources , Nat ional Academy of

Sc ience - Nationa l Research Council.

Forty-eight white , male , 250 to 300 gram Walter Reed strain rats

were used for th i s  stud y. Eight rats were used for each interva l of

4 , 7, 14 , 30 , 60 , and 90 days. T ime in te rva ls  less than four days were

om i t ted because the i n i t i a l  trauma of the surgical  procedure would have

prec luded t he d i sc r im ina t i on  of an acute response to the m a t e r i a l s ,

even in the p resence of the cont rol.  The remain ing i n t e r v a l s  pe rm i t t ed

an ob ject ive discr iminat ion of the inf lammatory response and repai r .

Pol yethy lene tub ing , 4 mm long x 0.7 mm internal diameter w i t h  0.46 mm

th ick w a l l s , was f i l l ed  f lush at one end and ove r f i l l ed  by 2 mm w i t h

gutta per,cha and Grossman ’ s cement at the oppo s i te end . For the con-

ven i ence of the experimentors , the implants were prepared in advance.

- - —~~~---~- — ~ 
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Pr ior to implantat ion , the exposed portion s of the gut-ta percha were

coated w i t h  a thin mix of fres hl y mixed Grossman ’ s cement to s imulate

the unset cement present in clinical o v e r f il l i n g s .  An unfilled piece

of hol l ow pol yethy lene tubing 4 mm long was placed in the adjacent

tibia for control .

The animals were anesthetized with sod i um pentobarbital and the

area of the t i b i a  shaved . The t i ssues  over lay ing t he t i b i a  were

inc ised to bone and the per ios teum was re f l ec ted  by blunt dissection.

The bony socket for the i nse r t i on  of the pol yeth y lene tubing was pre-

pared w i t h  a 703 f i ssure  bur to a depth su f f i c ien t  to accomodate the

tubing within the confines of the tibia. During the surg ical procedure ,

t he area was i r r i gated w i t h  s te r i l e  isotonic sa l i ne  dur ing preparat ion

of the tube slots in the tibia to prevent over-heating and bone

necrosis.  The tube inserts were s t e r i l i z e d  w i th  ethy lene ox ide gas ;

placed para l le l  to the long ax is  of the t ib ia ;  and the inc is ion  was

closed with number four gut , spaced 2 mm apart.

The animals were sacrificed at 4 , 7, 14 , 30 , 60 , and 90 days w i th

.3 cc of 2?~ sod i um pentobarb ital injected i n t e r p e r i t o n e al l y and the

imp lant s i t e s  were removed by gr oss d i s s e c t i o n  and placed in a lO?~

buffered formalin solution . The specimens were prepared for histo-

log ical examination. The tissue samples were oriented in the paraffin

so tha t long itud inal section s were cut at 6 micra and t i ssue s l i d e s

s ta ined  w ith hematoxy l i a and eosin for histolog ical anal ysi~~.

— - — — —~~ ----- - 
i” . - — 

— —



Z~~L.~~L~~IT T ~ ~
— *-- -—-.---- - 

— — ________  _________

The h i stolo g ical evaluation employed a sca l edt assessment of the

amount of acute and chronic inflammation a round both ends of each

implant for each time period measured . The degree of inflammation for

each imp lant was determined by the degree of vascu larity , fibrosis ,

necrosis , osteolytic activity, and osseous- sequestration at each end

of the implant. The results were analyzed for statistical significance

using the Chi—squared technique.

0 = no inflammation ; 1 = m i l d ;  2 = moderate; 3 = severe inflammation

RESULTS

Microscopic examination of the experimental implants (overfilled

pol yeth y lene tubes) and the contro l implants (empty pol yeth y lene tubes)

at 4, 7, 14 , 30, 60, and 90 post-operative days revea l ed the following:

~~~~ Experimental Group

Examination of the histolog ic specimens showed the imp lants enveloped

by extravasated fluid with a fibrin blood clot and bone sequestra. There

was an earl y attempt at organization of the clot through an infiltration

of fibroblasts and collagen fibers around the implants. Numerous seg-

ments of devitalized bone undergoing osteoclastic activity were present.
N

The cortical bone adjacen t to the imp lant site as well as the ma r row

tissue at either end of the implant appeared healthy and vital. Multi-

nucleated cells resembling megakaryocytes were frequentl y observed .

Gross quantities of Grossman ’s cement and gutta percha were observed

at the overfilled end of the tubes and Grossman ’s cement was noted in

the adjacent marrow spaces (Fi g. 1). There were several foc i of 

.
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moderate to severe inflammation at both ends of the implant , adjacent

to the gutta percha and the excess Grossman ’s cement. The inflamma-

tion was characterized by an infiltrate of pol ymorphonuclear leuko-

cytes and l ymphocytes with no evidence of tissue necrosis. The

inflammatory reaction , howeve r , was not universal. Five of the

specimens exhibited a moderate to severe reaction , limited to the

tube ends , while three of the specimens showed a mild response.

~i ~~~ Control Group

There was a well-defined outline of the hollow pol yeth ylene

tube , enve l oped by extravasated fluid , a fibrin clot , and bone

sequestra (Fig. 2). The fluid and nuclear debris extended throug h

the entire length of the tube while the bone sequestra were limited

to the open third of the tubes. Clot organization was apparent by

the infiltration of fibroblasts and collagen fibers around the surgi-

cal site and extending a short distance into the tube end. The bone

sequestra showed evidence of osteoc lastic activity althoug h the

surrounding cortical bone appeared health y and vital. The inflamma-

tory response of this group was characterized by a mixed infiltrate

similar to the experimental group. Two of the specimens demonstrated a

moderate response while the remaining six showed a mHd response .

The amount of inflammation was assessed in all samples.

Because of the small number of eva l uation s fall ing in the extremes ,

adjacent categories were combined and the data were arrayed in a

2 x 2 contingency table and subjected to a Chi-squared analysis.

The results of the anal ysis (x2 = 2.28, df= 1 , p n.s.) revealed
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a non-significant x2 , ind i cating tha t there was no difference in the

• amount of inflammation oetween the amount observed in the experimental

and the control groups.

~~~~ Experimental Group

Observations of the 7 day experimental specimens revealed tha t

the well-organized fibrin clot was being rep laced with fibrous connec-

tive tissue. There appeared to be an attempt to wall off the entire

imp lant through the prol i feration of fibrob lasts and collagen fibers

(Fig. 4). Along the borders of the imp lant , the fibrous connective

tissue had formed into a continuous band vary ing from 5 — 10 cell layers

thick. Osseous debris was observed throug hout the surgical site and

was undergoing resorption ; there was evidence of matrix formation and

new bone trabecutae . Foc i of inflammatory cells , primari l y l ymphocytes

and pol ymorphonuc lear leukocytes , were observed at either end of the

imp l an ts , p a r t i c u l a r l y around the gutta percha (Fig. 4). The excess

Grossman ’s sealer appeared to invoke a response but this response was

not universal or consistent. Overall , the inflammatory response was

mild in fou r spec i mens and moderate to severe in fou r specimens.

~~~~ Cont rol Group

As in the 7 day experimental group the hol low tube cont ro ls  revea led

comp le te  organ i z a t i o n  of the f ibr in c lo t  with replacement by fibrous

connective t i ssue.  The connect ive t issue surrounded the en t i re  imp lan t

and had progressed from each end of the tube towards the center , but

the center of the tube was filled with a fibrin clot and nuclear debris

________ - : — m  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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• (Fi g. 5). Bone sequestra were apparent throughout the surgical site

and undergoing resorption by osteoclasts. There was new bone forma-

tion at the tube ends , as evidenced by matrix formation and new bone

trabecu lae. The inflammatory reaction was mild in all of the specimens

and characterized by l ymphocytes and pol ymorphonuclear leukocytes.

The amount of inflammation was assessed in all samp l es . Because

of the small number of evaluations falling in the extremes , adjacent

categories were combined and the data were arrayed in a 2 x 2 contingency

table and subjected to a Chi-squa red anal ysis. The results of the

anal ysis (x2 =5 .3Lf , df= 1 , p< .05) revealed a statisticall y si~~~ifi cant

difference between the two groups , thus indicating that the exper imental

group showed more inflammation .

14j~~~ Experimental Group

The imp lants were further walled off by fibrous connective tissue

with a layered arrangement , 5 - 10 cells thick along the sides of the

tube . A thicker band of fibrous connective tissue encapsulated the ends

F of the tube (Fig. 6). There was evidence of new bone formation and most

of the bone sequestra appeared to have been resorbed or had served as

matrix for new bone formation . Severa l area s of mild to moderate

inflammatory foc i were present adjacent to the gutta percha . The

Grossman ’ s cement appeared to be well tolerated and portion s of excess

cement in the marrow spaces did not invoke an overt inflammatory response.

Four of the spec i mens revealed a mild  inflammatory response and three

showed a moderate response. All of the responses occurred at the ends

of the tube and were characterized by an infi ltrate of l ymp hocytes with

- - ~~~~~~~~~~~~~~~ •.
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a few po lymorphonuc lear leukocytes.

14 ~~~ Contro l Group

The entire implant was surrounded by mature fibrous connective

tissue which , on the periphery of the tube , was 5 - 10 cell layers

thick. The l umen of the tube was almost entirely penetrated by connec-

tive tissue fibers and onl y a small portion of fibrin clot remained

(Fig. 7). There was evidence of ne~ bone formation with few areas of

devitalized sequestra present. A mild inflammatory response was observed

in four of the specimens; three were free of any inflammation .

The amount of inflammation was assessed in all samp les. Because of

the small number of evaluations falling in the extreme s , adjacent cate-

gories were combined and the data were arrayed in a 2 x 2 contingency

table and subjected to a Chi—squ ared anal ysis. The results of the

anal ysis (x2 =3.83 , d f = 1 , p~~n.s.) rev e a l edanons i gnif i can t x 2 , indi-

cating no differences between the groups in the amount of inflammation .

3O~~~y Experimental Group

The imp lant was bordered by a fibrous connective tissue capsule

which along the length of the tube was - 10 cell layers thick . The

fibrous capsule was much thicker at the tube ends and was thickest at

the overfilled portion . Cement was extruded into ~he marrow spaces and

appea red to be invoking a mild inflammatory response . There was also a

mild inflammatory response in the connective tissue capsule adjacent to

the gutta percha in some specimens (Fi g. 8). The in fla~in3tory cel l s were of

the chronic series. A fluid layer of undetermined ori g in was noted between

_ _  ,
~~ -
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the gutta percha and the capsule. Six samples exhibited mild inflamma-

tion and two showed moderate response.

30 Day Control Group

The fibrin clot , bone sequestra , and fibrous connective tissue in

the center of the tube had been rep laced by bone ma rrow and bone (Fig. 9).

A thin band of fibrou s tissue 1 — 4 cel l layers thick separated the tubes

from the adjacent bone that lined the l umen and peri phery of the tubes.

The maturation of the bone marrow was least mature at the center of the

tubes. There was no inflammation present in the 30 day controls.

The amount of inflammation was assessed in all samples. Because of

the small number of evaluations falling in the extreme s, adjacent cate-

gories were combined and the data were arrayed in a 2 x 2 contingency

tables and subjected to a Chi-squared anal ysis. The results of the anal y-

sis (x2 =2.28 , df= 1 , p=n.s.) revealed a nonsi gnif i can t x2 , indicating

no difference in the amount of inflammation observed between the groups.

6O y Experimental Group

There was continued maturation of the connective tissue capsules at

eithe r end of the tube with the imp lant being completely walled off.

The capsule was thickest , 15 — 25 cell layers thick , at the overfil led

portion of the tube (Fig. 10 ,11). A thin band of fibrous connect ive

tissue 1 — 5 cell layers thick separated the tube s from the adjacent

bone. Some specimens showed inflammatory cells in the capsule adjacen t

to the gt~tta percha ; poctions of Grossman ’s sealer were found in the

adjacen t marrow spaces and were well tolerated . Three of the specimens 

. 
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were free of inf lammation and three were invoking a mi ld response. Two

of the spec imens showed a moderate inf lammation at the o v e r f i l l e d  portion

of the imp lant.

6O2~~ 
Control G roup

The 60 day control implants were similar to the 30 day control

implants except for continued maturat ion of the bone lining the l umen of

the tube and continued maturation of the marrow elements (Fig.  12) . A

thin band of f ibrou s connective t issue 1 - 4 cells thick separated the

bone from the implant. As in the 30 day controls , there was no inflamma-

tion present.

The amount of inflammation was assessed in all samples. Because of

the small number of eva l uations in the extremes , adjacent catec’ories

were combined and the data were arrayed in a 2 x 2 contingency table and

subjected to a Chi-squared analysis. The results of the anal ysis

(x 2 = 2 . 2 8 , d f = 1 , p = n . s . ) revealed a nons ign i f i can t  x 2 , ind ica t ing  no

differences between the groups.

9O2~~ 
Experimental Group

The 90 day experimental implants were similar to the 60 day group.

The implants were entirel y wa lled off by ma ture fibrous connective tissue

which was thickest at the o v e r f i l l e d  por t ion , 10 - 20 ce l l  layers th ick

(Fig. 13) . Most of the specimens were free of inflamat ion . Three speci-

P mens revealed a mild response at the overf illed portion .

90 2~~ 
Contro l Group

The 90 day controls were very similar to the 60 day con t rols. Some

of the tube l umens were filled with mature bone and exh ib~~ed few marrow

elements (Fig. 14). No inflammation was noted.

-~~~~~~~~
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The amount of inflammation was assessed in all samples. Because of

the small number of evaluations falling in the extremes , adjacent cate-

gories were combined and the data was arrayed in a 2 x 2 contingency

table and subjected to a Ch i—squared anal y s i s .  The results of the anal y-

sis (x2 =0.0O, df = l , p=n .s.) revealed a nonsi gnifican t x2 , indicating no

differences between the two groups in the amount of inflammation noted.

D I S C U S S I O N

The histolog ic responses to the hol l ow pol yethylene controls in this

stud y were similar to those reported by previous i nvestigators who used

polyeth ylene ~~~~~~~~~~~~~~~~~~~~~~~~~~~ The response was characterized by

an initial mild to moderate inflamma tory reaction , probably the result

of the surgical trauma , wh i ch appeared resolved in specimens at the 30

day interval. Healing was comp lete and each implant was bordered by a

thin capsule of fibrous connective tissue , 1 - 4 cell layers thick. Mature

cancellous bone and marrow elements filled the tube l umens and was also

separated from the imp lant by a thin band of fibrous tissue . It was the

op inion of the authors that the response of the controls had established

a favorable criteria with which to compare the experimental implants.

Differences noted in the experimentals would therefore be due to the

implanted root fi l l i n g  materials and their overextension , rather than the

polyeth y lene tubes and surg i ca l trauma .

When compared to the contro l specimens the experimental implants

appeared to evoke a sli ghtly greater inflamma tory response , but this

difference was statistically si gnificant only at the 7 day interval.

All of the implants were well tolerated and most of the inflamma tory

- ~~~~~~~~~~~~~
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response had subsided by 60 days . An increased fibrous tissue response

was noted adjacen t to the ends of the tubes with the greates t reaction

occurr ing around the o v e r f i ll i n g .  It was not possible to determine

i f  th i s  f ibrous band resulted from the stimulating irritation of the

imp lant or from an overt endostea l tissue reaction represen ting a

normal response to v i ta l  bone formation . The thickness of this capsule

was not used as a c r i t e r i on  for grading the inflammation since the -•

capsule did not appear to interfere with adjacent tissue healing.

The tissue reactions to the gut -ta percha observed in the present

study were similar to those reported by previous investiga tors . 2’~’
2 5

The gut ta percha appeared to elicit an init i a l  inflammatory response

wh ich later subsided. It is possible tha t particle size and surface

texture may be an important factor in determining the kind of response

which occurs. Larger partic les were well tolerated; smaller part icles

and those wi th uneven appearing surfaces were characterized by greater

inflammatory responses. These observation s would seem to merit furthe r

investigation .

The response of the tissues to the unset Grossman ’s sealer in this

study agrees with the findings of Curson and Kirk .2 6  The unset sealer

was found ~o evoke an inflammatory response which after a period of

time was well tolerated. The statisticall y si gnificant difference in

the inflammation between the 7 day experimental group and the 7 day

control group may have been the result of the irritating properties

of the unset sealer. However , upon setting the sealer appeared to be

—-
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well tolerated - an observation which agrees w i th  those of previous

• i nvest igat ions of Set Grossman ’s sealer. ’7’27  The reaction of the

sealer and gutta percha combination at the flush end of the implant

agrees with the results of Wenger and associates ,2 3  who stud i ed

uri derf ill ings in polyethylene tubes.

Prior to extrapolating clinical correlations from the results of

this stud y, the limitations of this model for stud y ing the effects

of overfill ings and reaction s to root canal filling materials must

be deHneated. The implants were placed into surgical wounds made in

• healthy tissues. One can only speculate what effects these procedures

would have in areas of apical pathology. Also , the implants were all

ster ile and completely obturated , eliminating treatment variables

such as cleansing and shap ing the root canal system , sterilization of

the root system , and obtura t ion of the prepared canals. Fina l ly, th is

model does not duplicate the effects of physiological tooth migration

or the effects of masticatory force s on the overfi l led portion of a

root apex. However , the elimination of the above mentioned variables

may also permit us to extend Out observation s by attempting to reso l ve

some of the con troversy surrounding this issue.

The results of this study would indicate that the apical terminus

of a root canal fi l l i n g  beyond the apical foramen would not impair

hea ling . This disagrees with the studies of Seltzer and associates ,11 ’ ‘~~

who , in •their observati .pns of overfills in humans and monkeys , noted

impa i red healing . Also , Erausquin and Muru zaba l ,13 ’1 5 ’16 in their

studies of overf i l l ing s in rat molars , likew i se found the overfi ll ings
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to ser ious l y impair heal ing . In light of the disag reement , one must

consider the possibility that variables such as incomplete obturation

and incomplete cleaning and shaping of the te~oth used in those studies

contributed to their observed failures. The results of this study do

agree , however , with Gutierrez and associates ” who , in their stud y

of overfil li ngs , noted that although there was an initial de l ay in

healing , overall healing time was not compromised .

The results of this stud y are also in agreement with the observa-

tion s of Schi lder . 7 Overfi ll ing s, per se , do not induce failure , but

• extension of an underf il ling or incomplete obturation may contribute

to failure. The importance of cleaning and shaping the complete root

canal system and its subsequent obturation with a su itable f i l l i n g

material is of greatest importance in endodontic therapy. Should

overfi lli ng of the root canal system occur , it may not be necessary

to surg icall y remove the excess if the root canal system was cor rec t l y

prepared and obturated.

SUM MARY

Forty-eight wh i te male Walter Reed rats were used to study the

osseous tissue inflammatory response to polyeth y lene tubing filled

2 mm l ong on one end and flush at the other end with unse t Grossman ’s

cement and gutta percha. One of these tube s was placed in one of the

an ima l ’ s tibia while the other tibia rece i ved a hollow pol yethy lene

tube as a control . The animals were sacrificed in s i x  groups of

ei ght each at 4, 7, 14 , 30, 60, and 90 days following tube insert ion .

H istolog ic examination of the specimens revealed the following:

—-— •L~~~ ~~~~~~~~~~ 
— 
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1. The gutta percha , Grossman ’s sealer , and polyeth y lene

tubing were well tolerated by rat intraosseous tissue .

2. A statistically significant difference in the amount

of inflammation was noted in the 7 day experimental

group as compared with the controls. This difference

was thoug ht to be the result of the irritating properties

of unset Grossman ’s sealer.

3. The overf ill ings per se did not significantly compromise

the healing of rat intraosseous tissue .

Commercial materials and equi pment are identified in this report

to specif y the i nvesti gative procedures. Such identification does

not imply recommendation or endorsement or that the materials and

equipment are necessarily the best available for the purpose. Further-

more , the op inions expressed herein are those of the authors and are

not to be construed as those of the U. S. Army Medical Department.

In conducting research described in this report , the investigators

adhered to the “Guide for the Care and Use of Laboratory An i mals ” as

promul gated by the Committee on the Revision of the Guide for Labora-

tory Anima l Facilities and Care of the Instit ute of Laboratory Anima l

Resources , National Research Council.
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Figure 1 Overf illed portion of 4-day experimental gutta

percha implant (g) illustrating excess Grossman ’s

sealer (s) in bone marrow spaces (bni ) and moderate

infl ammatory reaction to the gutta percha and excess

sealer Cortical bone of rat tibia (b). (40X)
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Figure 2 An outline of the 4-day hollow control implant (p)

is formed by the surg ical clot Cc) and sequestered

bone with a mil d infla—ma tory response at both ends .

Cortical bone of rat tibia (b). (16X)
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Figure 3 7-day experimental gutta percha implant (g)

• illustrating proliferat ion of fibroblasts in

an attempt to wall off the implant. Moderate

infl ammatory reaction around overfilled portion

of the implant. Note new trabeculae (BT) at

tube end. (16x)
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Fi gure 4 Overfilled portion of 7-day experimenta l

gutta percha implant (g). Excess sealer

(s) is evoking moderate inflammatory response.

Boney trabeculae (BT) developing unimpeded at

over~ extended tube end. (40x)
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Fi gure 5 7-day hollow control implant (p). Proliferation

of fibroblasts and connective tissue into tube

l umen , fibrin clot (c) and nuclear debris remain

at center of tube . (40X)
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Figure 6 14-day experimental implant (58X). A thick band

of fibrous connective tissue (f) encapsulates the

• 
• end of the implant. Inflammatory response is mild

• to sealer (s). (58X)
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Fi gure 7 
- 

14-day hollow control implant (p). The l umen of

the tube is filled with connective tissue elements

and inflammatory response is minimal. (48X)
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Fiaure 8 30-day experimenta l gutta percha implant (g).

Fibrous connective tissue capsule (f) is

regularly arranged at tube end. Inflammatory

cells are concentrated at tube end. (64X)
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Figure 9 The blood clot and connective tissue in the

center of the 30-day control tube (p) have

been replaced by marrow elements (bm). Note

mature lamellated bone (L) lini ng tube l umen.
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Figure 10 Overextended portion of 60-day experimental

implant & sealer (s) illustrat ing fibrous

connective tissue capsule (f) and mild

infl ammatory response. (64X)
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Fi gure 11 Flush end of 60-day experimental gutta percha

i m p l a n t  (g) illustrates fibrous connective tissue

capsule (f) and mild inflammatory response. (64X)
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Figure 12 Lamellated bone (L) lines the peri phery of the

tube (p) in the 60-day control . Mature marrow H
(bm) elements and lamellated bone (L) occupy

the tube l umen . (52X)
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Figure 13 90-day experimental gutta percha (g). Surrounding
• bone and marrow elements well organized. Fibrous

connective tissue capsule (f) 10 - 20 cel l l ayers

thick at end of tube free of inflammation . (64X)
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Figure 14 90-day hol low control . Mature bone (b) with few

marrow elements occupy l umen of tube (p). Fibrous

capsule (f) surrounds implant . (40X)


