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QUANTITATION OF MICROLEAKAGE FROM ROOT CANALS
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The reference-controlled reverse diffusion method was used to quantitate microleakage from
root canals. The canals were obturated using one of four different techniques: Thermafil,
Obtura, lateral condensation or vertical condensation. The radioactive material was placed
inside the obturated canals and was allowed to leak in the surrounding medium. The
quantity of microleakage was determined at various time intervals and up to 463 days
relative to microleakage quantities occurring from open canals. Using the quantitative data
obtained from 2016 aliquot samples, a linear relationship was established between the
predicted quantity of microleakage and time for each obturation method. Each linear
relationship vyielded a microleakage onset value (K.) and a rate of microleakage (n). While
Thermafil resulted in the lowest microleakage onset, it permitted the largest microleakage
rate over time. Llateral condensation showed strong microleakage onset, yet the least
microleakage rate. Vertical condensation permitted the strongest microleakage onset (2.6
times that of Obtura). yet its microleakage rate was essentially equal to that of Obtura. The
quantitative data and its linear analyses explains the diversing literature reports and furnishes
an opportunity to objectively quantitate microleakage in endodontics.
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Introduction

The reliability of the reported results of
microleakage study methods is
questionable. The currently used methods
to determine microleakage are destructive,
qualitative, of short duration and
incapable of reporting microleakage in real
time. The literature also reports significant
differences between evaluators’ using the
same qualitative test. Efforts to improve
the quality of the testing methods have
been reported. These efforts may have
eliminated some of the problems of some
of the qualitative testing methods, and
reduced their subjectivity, yet several other
problems remained unresolved. Based on
these findings and further review of the
microleakage  methodology literature, a
non-destructive method was re-
introduced.* The method objectively
quantitates microleakage in real time using
reverse  diffusion but with reference
control. To ascertain the objectivity and
reliability of the method, its experimental
parameters were tested and standardized.’

The literature pertaining to
microleakage associated with various
endodontic obturation techniques and

materials highlights the subjectivity of the
current  testing methods. While several
studies report no significant differences
among two or more obturation methods,

other studies report significant
differences. These conflicting reports
suggest the need to use a sensitive, yet well
controlled quantitative method to discern
the similarities or differences among
obturation methods.

The goals of this study were to

objectively quantitate microleakage
associated with four obturation methods
up to 463 days in real time using the
reference controlled reverse diffusion

method and to mathematically determine
a microleakage onset value and a rate
constant for each method.
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Materials and Methods

Based on a pilot study, the number
of specimens that yields meaningful data at

the 95% confidence interval was
determined to be six.” Thirty extracted
human single rooted anterior teeth were

collected and stored in water. None of the
teeth have been previously exposed to
endodontic treatment. Crowns of the teeth
were cut off at the cervical margins. The
working length of all roots was determined
with a ruler; the difference did not exceed

2 mm. To maintain a standard patency of
the apical foramen, a #15 K-File was set 2
mm longer than the working length. The
canals were instrumented using serial filing
up to size #50 File and up to 0.5 mm short
of the apical foramen. All canals, except
the group for Thermafil technique were
flared three more sizes using the step back

method and circumferentially filed. During
canal instrumentation, sodium hypochlorite
(2.5%) solution was used for irrigation

between file sizes. A spreader was used to
check the proper flare-up of the canal. The
total surface of the root was covered with
two layers of nail varnish leaving the apical

3 mm uncovered to permit leakage. The
thirty roots were then divided randomly
into five groups of six teeth each. Each of
four groups was obturated using one of
four techniques using AH-26* as a sealer
cement.

Group 1 was filled with the lateral
condensation technique. A size 50 Master
cone that fits snugly at 0.5 mm short of the
apical foramen was used. Accessory cones,
size fine-fine, were condensed laterally.

Group 2 was filled with the vertical
condensation method using warm dutta-
percha and an endo pluger.

Groups
temperature

3 was filled with the high
thermoplasticized molded

*De Trey Division, Densply Ltd., Weybridge Surrey, England
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gutta-percha  technique Group 4 was
filled using the correct size of plastic core
Thermafil device in accordance with the
manufacturer's instructions*. A radiograph
was taken to confirm the length and total
canal obturation for the four groups.

area of each root
was cleaned and the gutta-percha at the
orifice of the canal was removed from
groups 1-4 such that the apical 6 mm
remained obturated.

The pulp chamber

Group 5 was instrumented in the same

manner but was not obturated. Each root
was split along the root canal to two
halves. The standardized reference
controlled reverse diffusion method of
quantitating microleakage in real time was
used.*

Two microliters of ’H-Alanine

radiotracer’ were deposited in each canal
of the experimental groups or half canal of
the control group and dried under vacuum.
The access opening of the experimental
group were then filled with IRM paste then
painted with two layers of nail varnish.

Each root (half root for control group)

was placed in a double orifice 50 mL
conical flask* containing 20 mL artificial
saliva-* and was shaken continuously at

80 times/minutes in a water bath® at 37°C
to simulate the oral condition. The

radioactive  material  diffused from the
root canal into the artificial saliva( in a
reverse  sense when compared to

qualitative methods).

Samples of 50 j/L of saliva containing
the leaked radiotracer were drawn at 0.33,
0.66, one, two, three and four hours, one
day, then every day up to one week, every
two days up to thirty days, every one week
up to six months, and every month up to
16 months. During the 16 months period,

' Obtura

Tulsa Dental Products, Tulsa, OK
Radiochemical Centre, Amershan, England
"Quickfit, Germany

**VA-Oralube formula

~GFL 1083-Germany
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47 readings were taken from the aliquot
surrounding each root. Saliva was
replenished at each time so that its volume
remained at 20 mL throughout the
experiment. Each aliquot sample was
added to 5 mL of scintillation cocktail*.
The amount of radioactivity in the sample
was determined as counts per minute
(CPM's) using a scintillation counter’.

The CPM's in each sample drawn at a
time (X) was used to calculate the amount
of microleakage from each obturated canal
(Lrx) at that time. The mean leakage of the
6 obturated canals at time X, (Lrx) together

with  the standard error were then
computed. The mean leakage for each
experimental group at time X, (Lrx) was

then divided by the mean leakage of the 12
specimens (unobturated canals) serving as
control i.e. Lex. Therefore, the quantity of
microleakage that occurred at time X from
the obturated canals relative to the
quantity of possible leakage from the open
canals, ie., the true or relative
microleakage (M) was calculated, in terms
of percent, as:

M. = (1j/L_)100

Using this method, microleakage of the
obturated canals was determined in real
time (while it is occurring) and was
computed relative to the maximum leakage
that can occur from unobturated canals
(true).

To delineate influence of the canal
dentin in chemisorping and retaining the
radioactivity, the mean quantity of
microleakage that occurred at time X from
the restored cavity (L) as CPM's of
radioactivity, relative to the number of
radioactive units placed originally in the
canal (N), i.e. the apparent or absolute
microleakage (M] was also calculated in
terms of percent as :

M, = (L,/N)100

*Opti Phase MP, LKB Scintillation Products, England, made for LKB
Wallace, Finland
*1211 Rackbeta and 1215 Rackbeta, LKB Wallace, Finland
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The number of aliquot samples taken
during this study was 2016 (36 Flasks x 56
samples).

Analyses to determine whether the
change in microleakage by time (the rate)
could be presented as a linear relationship
and whether a microleakage constant
could be computed for each material were
made. The method of analysis consisted of
inputting the relative (true) microleakage
data for each of the four obturation
methods and the corresponding times up
to 463 days in a computer. Relative
microleakage as leak %, log leak %,
radioactivity remaining % in the canal,
and log remaining % radioactivity were
computed to represent the microleakage
data set. The duration as days, log days,
and square days, were computed to

represent the time data set. Using
correlation analysis, the Pearson
correlation  coefficients between members

of the microleakage data set and those of
the time data set were calculated. The
coefficient  values indicated the  best
correlation between one member from
each of the two data sets.

Once the best correlation was

determined, the General Linear Model
(GLM) for the relationship between the
two members was computed in

accordance with the relationship:
M, =Kt"1

where M is the relative microleakage %, K
is the rate constant, n is the slope and t is
time in days. The equation is an
adaptation of that presented by Korsmeyer
et al. (1983) in analyzing data of water
soluble drug diffusion through polymeric
structures for comparative purposes.

An actual plot relating the two
members with best correlation is then
made. Once the linear plots were obtained
the rate constants for each obturation
method up to 463 days was determined.
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Results

Mean quantities of relative (true)
microleakage expressed as % at various
times is shown in Fig. 1. While the 95%
confidence interval for all sample means
was computed, it was not reported in the
figure for clarity. The line representing
leakage for the control group is also
omitted from the figure but one mean
value at 463 days is shown. At 463 days,
the control (unobturated) canals leaked
94% of the radioactivity placed. None of
the obturated canals leaked that much up
to 463 days.

While there was no statistically
significant differences between the vertical,

lateral and obtura techniques with mean
values of 26, 25 & 31% at 463 days,
Thermafil showed a significantly higher

value of 41% (student t-test, P<0.05).

When the microleakage values were
considered progressively in terms of time,
the figure shows that at one day, there was
no difference among the four methods.
Beyond one day, microleakage of the

vertically condensed canals was higher
than that for the three other methods
which showed no significant differences

among them up to 50 days. From 50 days
and up to 99 days, microleakage with both
vertical and lateral condensation were
essentially equal and significantly higher
than those for the Thermafil and Obtura
techniques which were essentially equal.

Between 99 and 127 days, Thermafil
continued to show less microleakage even
than Obtura. While Obtura and Thermafil
showed lower microleakage means than
the vertical and lateral condensation
methods between 127 and 162 days, the
difference  was not statistically significant.
From 162 days and up to 463 days,
microleakage with Thermafil was
significantly higher than the other three
obturation techniques.
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The absolute The rate (n) of microleakage up to 463 days was highest
microleal;age valuesf (0.101) forThermafil and lowest (0.055) for lateral condensa-
expressed as per cent o
the CPM's of radioactivity "
placed originally in the . .
canals reflected the same m N
trends shown in  Fig. 1 g » T i G
except that all the mean 8 o fL . ﬁ": A
microleakage values were E af‘f “J ot . ' =
lower. (JP%

S

The results of
computing correlation 150 200 250 300 350 400 450
coefficients between DAYS
members of the # Thermat A Vertica % Latersl O Obtura RE
microleakage data set and
those of the time data set Figure 1. Relalive microleakage as a funclion of time.
up to 463 days are shown i
in Table 1. Positive i ol [owcav momm
correlation coefficient & a0 228 |
values  for  microleakage é Z: _’,.r ]
associated with the four £ 2s e G o
obturation techniques fué 20 | ,f,—?’
ranged from 0.728 to 8" _ =
0.990. =" /

Among a" ‘&’ 100 150 “C:r(:mn"f-jﬂda:‘s)o aso 400 450 500
correlations, the % 16 ¢ I - - *
leakage vs days were 4| —————— )
selected since their values o fadetobecintndi, — &
as a group were among gm i
the  highest. Using f_:j ol
equation (1) and these § o) _—
correlation values, the % ¥ 2
predicted (best fit) leak % a 2' i
was plotted against time P ¥l - - L
up to 463 days for each of =0 Hime - days

Rate of change of microleakage as a function of time
microleakage onset (TF: Thermafil, VC: Verlical Condensation; O: Obtura, LC : Lateral

Intercept  is

Condensation). Bottom figure is expanded scale up to 150 days.

the four obturation  figyre 2:
techniques as shown in
Fig. 2.

tion.

The computed intercepts (K) and
microleakage rate constants (n) for the four
obturation methods up to 463 days were
also computed and are shown in Table 2.

The intercept (K) of the best fit curve
up to 463 days was lowest (0.219) for
Thermafil and highest (4.862) for vertical
condensation.

Discussion

Gathering data could have theoretically
continued until X time = o00. However,
since the radioactivity in the open canals
was essentially completely released by the
end of 16 months, data gathering was
stopped at that time.
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Table 1. Correlation analysis "Pearson correlation coefficients" up to 463 days.

Obturation Coefficient
Technique
% Leak vs % Leak vs % Leak vs Log % Leak Log % Leak Log % Leak
Days Log Days Square Days vs Days Vs Vs
Log Days Square Days
Thermafil 0.976 0.648 0.916 0.903 0.874 0.973
Vertical 0.922 0.838 0.977 0.736 0.965 0.890
Condensation
Lateral 0.958 0.815 0.986 0.771 0.933 0.919
Condensation
Obtura 0.990 0.728 0.963 0.854 0.920 0.961

Table 2: Intercepts (K) and rate constants (n) for the four
obturation methods.

Obturation K n
Technique
Thermafil 0.219 0.101
Vertical 4.862 0.062

Condensation

Lateral 3.658 0.055
Condensation

Obtura 1.860 0.069

The controls (unobturated canals)
leaked 94% of the radioactivity only after
463 days of leakage. This suggests that the
radioactivity was adsorbed on the canal
dentin and was released slowly. Hence,
the radioactivity placed originally in the
root canal was not used as a base for
calculating microleakage.’ Rather, the
mean radioactivity released from the open
canals at each given time was used as a
base to compute microleakage from the
obturated canals at that same time.

After 463 days, none of the four
obturation methods allowed microleakage
greater than41% suggesting that the four
obturation methods are of value in
decreasing microleakage.
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While there was no  statistically
significant difference between
vertical, lateral and Obtura techniques,
Thermafil showed significantly higher
(41%) microleakage at 463 days and in
agreement with prior studies suggesting
that the technique is not better than
vertical condensation in barring
microleakage.

Vertical condensation showed the
highest microleakage up to 50 days which
is in adreement with the general
convention that the technique is least
effective in preventing microleakage. At
that time, the three other techniques
showed lower and essentially  equal
microleakage values in agreement with
prior reports.

By 99 days both vertical and lateral
condensation leaked equally and as
reported previously.* At that same time
Thermafil and Obtura were superior to
vertical and lateral condensation in
preventing microleakage and in agreement
with prior  reports.”  Apparently, the
microleakage that occurs with any of the
obturation methods is a function of the
time at which the values were determined.
Between 127 and 163 days the
microleakage associated with any of the
four methods was essentially the same.
Again this will explain the literature
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reporting no difference in microleakage

among the various techniques. ' It is only
beyond 163 days and up to 463 days that
Thermafil showed the greatest

microleakage among the four methods.

Up to this point, this study agrees, at
various time durations, with all reported
microleakage data comparing various
obturation methods™” despite the disparity
of such data.

Nonetheless, reporting date in a
narrative  manner as above could be
confusing and does not lead to concrete
conclusions about the long time
performance of the obturation. Hence,
since the data is quantitative, plotting it in
a linear form was attempted. The success
of such an attempt is depicted in Figure 2
and Table 2.

Should one assume that the
microleakage that occurred at one day (log
time = zero) is the microleakage onset
value (K) then, it is quite clear from Table

2 and Figure 2 that Thermafil was
associated with the least onset of
microleakage in the early stages after
obturation (up to 50 days). The

microleakage onset (K) values for the other
three obturation methods in an increasing
order were Obtura, lateral condensation
and vertical condensation. This efficacy of
obturation of Thermafil is true only in the
early days following obturation. The
change in the amount of microleakage by
time (rate = n) is the slope of the bestfit
line shown in Figure 2 for each of the
methods which value is reported in Table
2. The rate of microleakage with Thermafil

was highest and that for lateral
condensation was lowest while Obtura
and vertical condensation showed
moderate values. Yet, the slopes (n) of
Obtura and vertical condensation are
much closer in value to that of Ilateral

condensation than they are to Thermafil.

The above linear analysis suggests that
an objective and quantitative method for

AL YAHYA, AL TAHAW1, SELIM AND ABDULLAH

computing microleakage for long time
durations and in real time is capable of
resolving the disagreements reported in the
microleakage literature. Using the
reference controlled reverse diffusion
method to determine microleakage
associated with four obturation methods in
real time showed that while Thermafil
resulted in the lowest microleakage onset
in the early days, it permitted the largest

microleakage over extended time periods.
The lateral condensation obturation
method showed stronger  microleakage

onset in the early days than Thermafil, yet
permitted the least microleakage over
extended periods of time.' While the
vertical condensation method showed the
strongest microleakage onset, it should not
be discounted since it maintained a lower
rate of microleakage than Thermafil and
one nearly equals to that of Obtura over a
much longer period of time.

Acknowledgement

The authors gratefully acknowledge the
technical assistance of Mrs. Jane Sembrano-
Rodriguez, Messers Abdulla Abdelrazek and
Emer Conopio. The excellent secretarial
assistance of Ms. Vilma S. Dizon is deeply
appreciated.

References

1. Wu MK, Wesselink PR. Endodontic
leakage studies reconsidered. Part |.
Methodology, application and relevance.
IntEndod ] 1993;26:37-43.

2. Scott AC, Vire DE, Swanson R. An
evaluation of the Thermafil endodontic
obturation technique. ] Endod
1992;18:340-3.

3. Spangberg LSW, Acierno TG, Cha BY.
Influence of entrapped air on the accuracy
of leakage studies using dye penetration
methods. J. Endodon 1989;15:548-51.

THE SAUDI DENTAL JOURNAL VOLUME 10, NUMBER 2, MAY - AUGUST 1998



OBTURATION MICROLEAKACE QUANTITATION

10.

11.

THE SAUDI DENTAL JOURNAL VOLUME 10, NUMBER 2, MAY - AUGUST 1998

Mohammed-Al Tahawi H, Al-Shammery
AR. Real time reference controlled reverse
diffusion quantitation of microleakage:
Justification. Saudi Dent ] 1995;7:167-176.

Al-Shammery AR, Mohammed-Al Tahawi,
H, Abdullah ME. Real time reference
controlled reverse diffusion quantitation of
microleakage:  Standardization of the
methods. Saudi Dent | 1996;8:3-12.

Goldberg F, Massone FE|, Artza LP.
Comparison of the sealing capacity of
three endodontic filling techniques. |
Endod 1995;21:1-3.

Veis AA, Molyvdas IA, Lambrianidis TP,
Beltes PG. In vitro evaluation of apical
leakge of root canal fillings after in situ
obturation with thermoplasticized and
laterally condensed gutta percha. Int
Endod ] 1994;27:213-7.

Dalat DM, Spangberg LS. Comparison of
apical leakage in root canals obturated with
various gutta percha techniques using a
dye vacuum tracing method. ] Endod
1994;20:15-9.

Khayat A, Lee S), Torabinejad M. Human
saliva penetration of coronally unsealed
obturated root canals. ] Endod
1993;19:458-61.

Gutmann JL, Saunders WP, Saunders EM,
Nguyen L. An assessment of the plastic
Thermafil obturation technique. Part 2.
Material adaptation and sealability. Int
Endod ] 1993;260:179-83.

Fabra-Campos H. Experimental apical
sealing with a new canal obturation
system. | Endod 1993;19:71-5.

12.

13.

14.

15.

16.

17.

18.

19.

Bhambhani SM, Sprechman K.
Microleakage comparison of thermafil
versus vertical condensation using two
different sealers. Oral Surg Oral Med Oral
Pathol 1994;78:105-8.

Greene HA, Wong M, Ingram TA.
Comparison of the sealing ability of four

obturation techniques. ] Endod
1990;16:423-8.
Leung SF, Gulabivala K. An Jjn-vitro

evaluation of the influence of canal
curvature on the sealing ability of
Thermafil. Int Endod ] 1994;27:190-6.

Gencoglu N, Samani S, Gunday M.
Evaluation of sealing properties of
Thermafil and Ultrafil techniques in the
absence or presence of smear layer. ]
Endod 19993; 19:599-603.

Amditis C, BlacklerSM, Bryant RW, Hewitt
GH. The adaptation achieved by four root
canal filling techniques as assessed by
three methods. Aust Dent ] 1992;37:439-
44.

Budd CS, Weller RN, Kulild JC. A
comparison of thermoplasticized injectable
gutta-percha  obturation techniques. |
Endod 1991;17:260-4.

Cochran WG, Cox GM. Experimental
designs. 2nd ed. New York, Wiley and
Sons, 1966.

Korsmeyer RW, Gurny R, Doelker E, Buri
P, Peppas NH. Mechanisms of Osolute
release from porous hydrophilic polymers.
Internal J. Pharmac. 1983;15:25-35.

59



