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E v a l u a t i o n  of  roo t  c a n a l  de  b r i d e m e n t  

by  u s e  of  a r a d i o p a q u e  m e d i u m  

Stephen H. Littrnan, DDS, Baltimore 

A r a d i o p a q u e  m e d i u m  w a s  
i n t r o d u c e d  a s  a tool in  the  e v a l u a -  
t ion of root  c a n a l  d e b r i d e m e n t .  
T h r e e  different  i n s t r u m e n t a t i o n  
t echn iques ,  e a c h  u s e d  b y  t h r e e  
ope ra to r s ,  w e r e  e v a l u a t e d .  T h e  
t r a d i t i o n a l  p r e p a r a t i o n  s h o w e d  the 
b e s t  resul ts .  The  t h o r o u q h n e s s  of 
the  o p e r a t o r  w a s  d e t e r m i n e d  to b e  
the  mos t  i m p o r t a n t  va r i a t i on ,  thus  
e m p h a s i z i n q  the s iqn i f i can t  role  
of the  o p e r a t o r ' s  a b i l i t y  in, root  
c a n a l  d e b r i d e m e n t .  

The removal of pulp tissue from the 
root canal system is achieved primari- 
ly through biomechanical preparation, 
which is the debridement or cleaning 
and shaping of the canal to accept a 
filling material. Many investigators 1"5 
have meticulously detailed the anato- 
my of the root canal system. Their 
studies, however, have only implied 
that a relationship exists between ana- 
tomic detail and canal debridement. 
Early histologic studies by Hatton 6 
found that teeth which were con- 
sidered endodontic failures contained 
a very high percentage of superficially 
cleaned root canals with much of the 
pulp tissue still remaining. Guti6rrez 
and Garcla, 7 in evaluating 120 man- 
dibular incisors and canines after in- 
strumentation, found that 78% to 

85% of the canals had prolongations 
or fins. They concluded that a high in- 
cidence of the prolongations within the 
root canal were never touched by in- 
strumentation. 

More recently, Coffae and Bril- 
liant, s in comparing serial to non- 
serial preparations, microscopically 
found that 23% of the serial prepara- 
tions and 54% of the nonserial pre- 
parations did not show significant re- 
moval of tissue at the l - ram level. 
Klayman and Brilliant, a in a similiar 
study, compared removal of tissue on 
extracted mandibular molars prepared 
with either the Giromatic reamer or 
K-type files used in a serial prepara-  
tion technique. Although they found 
that neither instrument nor technique 
was totally effective in removing all 
tissue from the root canal, serial prep- 
aration was the more effective. More- 
over, the procedures were less effec- 
tive in the apical than in the coronal 
portion of the canal. 

With regard to the shaping of root 
canals, a number of studies have dem- 
onstrated the changes brought about 
through canal instrumentation. Davis, 
Brayton, and Goldman, 1~ using inject- 
able silicone, found that the anatomy 
of the prepared canal was very dis- 
similar to the instruments used to 
prepare them, especially in the apical 
third. Standard instrumentation tech- 
niques tended to leave a considerable 

portion of the canal wall untouched. 
Other studies have measured the di- 
ameter of canals, and the smoothness 
and regularity of the canal walls. 11-15 
The relevance of the shape of the 
canal to successful endodontics, how- 
ever, has never been demonstrated, 
especially because some techniques 
use gutta-percha in a form that en- 
hances its ability to conform to exist- 
Jng space (that is, heat or chemical 
alteration).  

The purpose of this study was to 
compare the effectiveness of three 
different instrumentation techniques 
used by three different operators. The 
debridement of the root canal was 
evaluated by using a radiopaque medi- 
um as a staining agent. 

Materials and Methods 
This study included 90 human first 

and second permanent premolars, ran- 
domly chosen from teeth extracted 
from all age groups at the University 
of Maryland, School of Dentistry, 
Baltimore. All teeth chosen had only 
one canal and a mature apex. The 
crowns of the teeth were opened to a 
clinically acceptable size with a high- 
speed no. 1552 bur; the canals were 
broached to remove most of the soft 
tissue. A size 15 file then was placed 
into each tooth to the anatomic apex 
to ensure that the apex was patent. 
The teeth then were soaked in 5% 

135 



JOURNAL OF ENDODONTICS r VOL 3, NO 4, APRIL 1977 

sodium hypochlorite for 24 hours, 
followed by a 30-minute treatment in 
an ultrasonic cleaner filled with fresh 
5% sodium hypochlorite. The teeth 
were rinsed in running tap water to re- 
move salt accretions. The occlusal 
third of each crown was luted to the 
apex of a funnel, ,and the funnel 
placed in a filtering crucible and fil- 
tration flask assembly (Fig 1). A solu- 
tion of sodium and meglumine 
diatrizoates (Hypaque=M, 90% ) * was 
used as a radiopaque medium. 

Af ter  passing a size 15 file through 
the apex, the radiopaque medium was 
drawn through the canal s y s t e m - -  
from the occlusal surface to the apex 
- - b y  applying a vacuum 16 of 2-mm 
mercury. When a few drops of opaque 
solution had passed through the apical 
foramen, the tooth and funnel as- 
sembly were removed from the vacu- 
um. 

The teeth then were radiographed 
at mesiodistal and buccolingual an- 
gles (Fig  2) at 70 kilovolt (peak) and 
10 ma for four-fifths second. Focal  
distance of the film was 20 inches. All  
films were processed by hand. Teeth 
that were incompletely stained or 
showed voids on the radiograph were 
restained until complete opaqueness of 
the root  canal was seen radiographi-  
cally. Each tooth, therefore, had its 
own radiographic control. All  teeth 
then were set aside for three hours, 
which allowed time for the aqueous 
portion of the Hypaque-M, 90%,  to 
evaporate. This left a radiopaque, 
crystalline deposit in the root canal 
system. 

The teeth were divided by random 
selection into nine groups of ten teeth 
each. Each of the three second-year 
endodontic postgraduate students then 
prepared the ten teeth by the following 
techniques: size 50 apical preparat ion 
using files; size 50 apical preparat ion 
using the Giromatic  handpiece and 
Giromat ic  reamerst ;  and size 35 api- 
cal preparat ion followed by a 1-mm 
reduction in working length for each 

Fig 1--Top: staining apparatus shows 
premolar luted to [unnel, [iltration 
crucible, and [lask. Bottom: radio- 
paque medium drawn through root 
canal to apical [oramen. 

succeeding instrument up to size 60, 
using files. 

Irrigating solutions were intentional- 
ly omitted to evaluate only the effect 
of mechanical cleansing. Each tooth 
was number-coded by an independent 
observer, and the nine groups of teeth 
were mixed together. 

After  biomechanical  preparation, 
each tooth was radiographed both 
from mesiodistal and buccolingual an- 
gles. The radiographs were evaluated 
independently by three clinicians with 
the following criteria used: 2 desig- 

Fig 2---Radiograph of premolar shows 
outline of root canal be[ore instru- 
mentation. Left, [aciolingual view, 
right, mesiodistal view. 

nated stain throughout half of the 
root, I designated minimal amount of 
stain in distinct areas of the root, and 
0 designated no stain in the root canal 
system. 

Two scores were given for each 
view of each tooth, one for the apical 
half and one for the coronal half 
(Fig  3). After  the code was broken, 
the results were categorized into their 
respective groups. By averaging the 
three evaluators'  scores of the two 
views of each tooth, a pair  of numbers 
was used to describe each too th - - an  
apical and a coronal number. Mean 
values then were determined for each 
technique and for each operator. 

R e s u l t s  
The average (mean)  debridement 

in the apical half of the root  (Table 
1) was best with the size 50 apex 
technique using files. Even more ap- 
parent, however, was the consistently 
lowest scores of operator  1 when com- 
pared with those of the other two 
operators. This represented more thor- 
ough debridement by operator  1. In 
the coronal half (Table 1), there was 
minimal difference in techniques. The 
Giromatic  preparat ion produced the 
most consistent results whereas the 
sizes 35 to 60 taper preparat ion pro- 
duced the widest range of results. 
Once again, operator  1 debrided the 
canal to a much higher degree than 
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Table l  9 Average  (mean) debridement of apical  and coronal ha lves  of root canal.  

Technique 

Size 50 apex Sizes 35-60 taper Giromatic 

Operator Apical Coronal Apical Coronal Apical Coronal 

1 0.55 0.68 0.50 0.54 0.88 1.01 

2 0.78 1.26 1.37 1.15 1.04 1.10 

3 1.05 1.22 1.40 1.72 1.29 I. 14 

Table 2  9 Averaqe  (mean) debridement by technique and by  operator. 

Technique Operator 

Location Size 50 apex Sizes 35-60 taper Giromatic 1 2 3 

Apical half 0.79 1.09 1.07 0.64 1.06 1.25 

Coronal half 1.05 1.13 1.08 0.74 1.17 1.36 

Fig 3--Radiographs show various 
levels of root canal debridement; 
evaluation included both apical (left) 
and coronal (right) sections. Top, 
radiograph received rating of O; 
center, 1; and bottom, 2. 

either of the other two operators. By 
comparing the overall averages of 
each technique and of each operator 
(Table 2), the differences between 
operators were demonstrated to be 
much greater than the differences be- 
tween techniques. In both the apical 
and coronal halves, operator 1 had the 
best scores whereas operator 3 had the 
worst scores. Moreover, each operator 
debrided the apical half of the canal 

to a greater extent than the coronal 
half. 

A two-way analysis of variance was 
performed to evaluate whether there 
were statistical differences between the 
procedures and between the operators. 
In  the apical half, the difference be- 
tween the size 50 apex technique and 
the other two techniques was not sta- 
tistically significant, with an F ratio 
of 3:10. In the coronal half, the dif- 
ference between techniques also was 
not statistically significant. With re- 
spect to the operators, in both the 
apical and coronal halves, the differ- 
ences between operators were statis- 
tically significant. In the apical half, 
the F ratio was 10.72; in the coro- 
nal half, it was 15.37. In both cases, 
the p value was less than 0.001. 

D i s c u s s i o n  

This study is a preliminary investi- 
gation into the use of a radiopaque 
medium in endodontic research. Al- 
though carried out in vitro, this study 
deals with a fundamental question in 
endodontic preparation: When is de- 
bridement complete? Is it complete 
when, as Grossman 17 has indicated, 
the canal has been enlarged at least 
three sizes greater than its original 
diameter"? Or is it when, as Weine is 
has indicated, one finds "clean, white 
dentin shavings on the flutes of the 
reamers and files"? Because neither 
technique is reliable for all teeth, if 

in fact for any, the determination of 
thorough debridement is still a totally 
subjective evaluation. The use of a 
radiopaque medium to stain and out- 
fine the root canal system before in- 
strumentation is a means of evaluating 
debridement. A radiopaque medium 
will provide, initially, information as 
to the morphology of the root canal 
system. After thorough debridement, 
a radiograph will show the amount of 
residual opaque medium left in the 
root canal, representing areas of insuf- 
ficient debridement. Only after further 
instrumentation has removed all 
opaque medium is biomechanical 
preparation complete. 

The question as to what is being 
stained by the radiopaque medium has 
not as yet been answered. From a 
radiographic viewpoint, the medium 
does not penetrate the dentinal tubules 
and may be considered as a surface 
stain only. Radiographs of cross sec- 
tions made at various levels both be- 
fore and after instrumentation support 
this view. Attempts at histologic eval- 
uation were unsuccessful because the 
stain was removed by the decalcifica- 
tion process. 

The three techniques used, though 
not strictly comparable, were selected 
as representative of different philoso- 
phies of preparation that are currently 
practiced. 1s-2~ Because all operators 
had specific instructions on how the 
preparations were to be made, the dif- 
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ferences between the operators reflect- 
ed differences of natural talent, de- 
veloped skills, experience with the 
techniques, or thoroughness with 
which the instructions were carried 
out. Specifically, operator 1 showed 
superior performance with the two 
hand-instrumented techniques, both of 
which he was familiar with, as com- 
pared with the Giromatic preparation, 
which he had never used before. On 
the other hand, operator 3 was in- 
experienced with the Giromatic prepa- 
ration; however, he performed better 
with the Giromatic preparation than 
with either of the hand-instrumented 
techniques, in most cases. Operator 
l 's superior results may be related to 
his meticulously wiping instruments 
clean after each time they were 
passed into the canal. Because no irri- 
gating solution was used, this extra 
care may have accounted for the re- 
moval of a greater amount of ra- 
diopaque medium. 

In the preparation of teeth with the 
Giromatic reamer, it was found by all 
operators to be difficult to prepare 
many teeth to the apex with sizes 
45 and 50 reamers. Though very time- 
consuming in some instances, all 
teeth were eventually prepared to the 
apex. The use of the Giromatic ream- 
er produced the most consistent re- 
suits, especially in the coronal half. 

It is apparent from this study that 
these three currently used tech- 
niques of instrumentation are inade- 
quate in total root canal debridement. 
It is possible that successful endodon- 
tics may result despite the presence of 
tissue debris and dentin shavings left 
in the root canal before it is filled. 
This study showed that no technique 
removed all the debris from the root 
canal system, and it is in agreement 
with the studies of Mizrahi, Tucker, 
and Seltzer, 21 Klayman and Brilliant, 9 
and Coffae and Brilliant. s Perform- 
ance of the operator appeared to have 
more significance than preparation 
technique. 

Summary 
The root canals of 90 extracted 

mandibular premolars were mechan- 
ically instrumented by three clinicians 
each using three different techniques. 
The root canal system was stained 
and then radiographed before and af- 
ter instrumentation. The effectiveness 
of removing the radiopaque medium 
was found to correspond to the ef- 
fectiveness of instrumentation in de- 
briding a canal. The results strongly 
emphasized the significance of the op- 
erator's performance in debridement 
of the root canal system, regardless of 
the technique used. The study intro- 
duced the use of a radiopaque medi- 
um as a tool in the evaluation of root 
canal debridement. 
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