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~{Comparison of Thermoplastic Obturation
lechniques: Adaptation to the Canal Walls
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Jepurpose of this study was to directly compare
% ability of the three types of Thermafil obtura-
5, the Obtura Il thermoplasticized injectable
“hnique, and the lateral condensation technique
Lobturate a standardized root canal. A split-tooth

del was constructed and the root canal was
\lurated 20 times with each technique. The qual-
tyof each obturation was graded according to
sablished criteria of adaptation. Statistical anal-
"5 of the results indicated that all the techniques
e significantly different from each other (p <
001) except for the plastic and titanium Ther-
¢l groups (p > 0.05), which were similar. Based
' the evaluated criteria, the Obtura li injectable
thnique demonstrated the best adaptation to the
tnared root canal. This group was followed in
ier by the plastic and titanium Thermafil obtura-
1, the stainless steel Thermafil obturators, and
dly by the lateral condensation technique.

“oot canal is a complex system with many surface irregular-
. fins, accessory and lateral canals, and isthmuses (1). To seal
system, the filling material must adapt to all portions of the
‘wnal. Incomplete obturation of the canal system may result in
v of the endodontic treatment (2).
Jilta-percha is the most commonly used root canal obturation
wrial. Its physical properties have made possible several dif-
At obturation techniques. The cold lateral condensation of
wrpercha is one of the most commonly used techniques in
Jiontics. However, its ability to replicate the internal surface of
it canal has been questioned. Voids, spreader tracts, incom-
«fusion of the gutta-percha cones, and lack of surface adap-
“ithave been reported (3).
li¢ thermoplasticized injectable obturation techniques were
“luced to improve the homogenicity and surface adaptation of
‘utta-percha. High- and low-temperature delivery systems are
lible, and both are significantly better than lateral condensa-
‘mreplicating the root canal (4). Control of the apical extrusion
% softened gutta-percha has been a major problem with these
ton techniques (5).
111978, Johnson (6) introduced a technique in which alpha-
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phase gutta-percha was placed on a metal carrier, heated, and used
to obturate the root canal. This system is commercially available as
Thermafil Endodontic Obturators (Tulsa Dental Products, Tulsa,
OK). Currently there are three different types of Thermafil obtu-
rators, the differences based on the carrier material for the gutta-
percha. Stainless steel, titanium, and plastic carriers are coated
with alpha-phase gutta-percha and become part of the final obtu-
ration. The manufacturer feels that this technique will produce a
dense, homogenous, three-dimensional obturation of the root canal
.

Juhlin et al. (8) evaluated the adaptation of Thermafil compo-
nents to the walls of simulated canals in resin blocks. The adap-
tation of the gutta-percha, carrier, and sealer varied widely. They
reported that in the cervical and middle thirds of the canal, the
carrier was usually only partially encased in the gutta-percha,
whereas in the apical 1 to 4 mm of the canal the carrier was
surrounded by gutta-percha.

Gutmann et al. (9) evaluated the radiographic appearance of
plastic carrier Thermafil obturations compared with the lateral
condepsation technique. They reported that the overall density and
adaptation of the Thermafil obturation was statistically signifi-
cantly better than lateral condensation, but there was no radio-
graphic difference in the apical third of the roots. Apical extrusion
of the gutta-percha and sealer was also significantly greater with
the Thermafil obturations.

Several studies (10, 11) have shown that the adaptation of the
material to the canal walls of transparent specimens appeared
good, but these were only qualitative assessments. Quantitative
measurements and comparisons are lacking.

To date, there have been no studies comparing the surface
adaptation of all three Thermafil obturators. It is not known if there
is a difference produced by the plastic or metal carriers. Therefore,
the purpose of this study was to compare the ability of the Ther-
mafil technique, using the three- different types of carriers, to
obturate a standardized root canal. This technique was directly
compared with the Obtura II thermoplasticized injectable and the
lateral condensation obturation techniques.

MATERIALS AND METHODS

The split-tooth model used in this study was described in detail
in a previous publication (4). Briefly, a human maxillary central
incisor was completely embedded in a block of clear orthodontic
acrylic resin (Caulk/Dentsply, Milford, DE). Four alignment holes
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were drilled through the acrylic block perpendicular to the long
axis of the root below the level of the cementoenamel junction. The
tooth was sectioned longitudinally in a buccal lingual direction
through the center of the root canal with a low-speed diamond saw
(Buehler Ltd., Lake Bluff, IL). The two halves of the sectioned
tooth could then be reapproximated and secured with four nuts and
bolts placed in the alignment holes. The crown of the tooth was
removed by grinding with a model trimmer to the level of the
middle third of the pulp chamber. Direct, straight-line access to the
root canal was made with a #6 round bur in a slow-speed hand-
piece. The two halves of the root were separated, and the access
preparation was examined for adequacy.

The working length of the root canal was established by visually
placing a size 10 K-Flex file (Kerr, Romulus, MI) 1 mm short of
the anatomic root apex on one of the halves. The two halves of the
root were repositioned and secured. The root canal was cleaned and
shaped using a step-back preparation to a size 60 K-Flex file at the
established working length. Saline irrigation was used throughout
the instrumentation phase. The two halves of the block were
separated after the root canal was instrumented and visually ex-
amined to ensure equal preparation of the canal in both halves of
the root.

Root canal irregularities were artificially produced by hand with
a 1/2 round bur. Three shallow depressions, less than 0.5 mm deep,
were placed on the distal side of the canal at 1, 3, and 5 mm from
the working length. Two similar depressions were made on the
mesial half of the root at 2 and 4 mm from the working length. The
extra depression on the distal side of the root allowed for visual
orientation of the gutta-percha obturation after it was removed
from the canal.

Twenty obturations were performed in the model without sealer
for each of the techniques evaluated. All obturations were com-
pleted by the one operator. The manufacturers’ instruction manuals
(7, 12) and videotapes were reviewed thoroughly for each thermo-
plastic obturation technique. Natural and artificial root canals were
obturated as part of a pilot project to gain proficiency. The man-
ufacturers’ recommended procedures were followed during the
obturation process. Before each obturation, the root canal was
inspected and cleaned of any gutta-percha remaining in the root
canal.

In Group 1, a size 60 Thermafil obturator with a stainless steel
carrier was heated in the Thermaprep oven for a minimum of 10
min. This was midway between the 5 to 15 min heating time
recommended by the manufacturer (7). The heated obturator was
slowly inserted into the canal to the previously determined working
length. After 1 min of firm apical pressure, the shaft of the carrier
was severed with a new #35 inverted cone bur in a high-speed
handpiece with air-water coolant. The gutta-percha at the coronal
opening of the canal was vertically condensed with a #11 end-
odontic plugger (Union Broach, York, PA) for an additional 2 min
as the filling material cooled. In Groups 2 and 3, the standardized
root canal was obturated in exactly the same manner as in Group
1. Size 60 Thermafil obturators with a plastic carrier were used in
Group 2, and titanium carriers were used in Group 3. The canal in
Group 4 was obturated with a high-temperature thermoplasticized
injectable gutta-percha system (Obtura II; Obtura Corp., Fenton,
MO). The temperature control on the unit was adjusted to 185°C.
The 23-gauge injection needle was placed to within 2 mm of the
working length and the canal was obturated. Vertical condensation
pressure was maintained for 2 min with the #11 endodontic plugger
as the gutta-percha cooled. In Group 5, a standard lateral conden-
sation technique was used. A #60 master gutta-percha cone
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(Sybron/Kerr, Romulus, MI) was fitted to within 0.5 mm of
working length with tugback. A size #25 finger spreader (Un
Broach) was advanced to within 1 mm of the working len
rotated, and removed. A #25 accessory gutta-percha cone (Syb:
Kerr) was inserted into the prepared space. Lateral condensatior

accessory cones continued until the spreader could not be advan St
for more than 2 mm into the root canal. The excess gutta-per Pl
was removed from the coronal opening of the canal with a w Tit
instrument, and the gutta-percha was vertically condensed f Ot
min. La

Following each obturation, the gutta-percha was allowed to¢  * No si

for an additional 3 min before the halves of the model
separated. The mesial and distal sides of each obturation w
examined with an operating microscope (JEDMED Instrum
Co., St. Louts, MO) at X32 magnification. A videotape of
mesial and distal sides of the obturation was made for evaluat

Using this videotape, two of the authors simultaneously eve
ated the quality of the obturations using the following criteriai

1. Replication to working length: 0 = No gutta-percha ¢
extended to the working length. | = Some gutta-percha ¢
extended to the working length, but some space remained. 2
Gutta-percha was extended completely to the working length.

2. Replication of five round artificial depressions: 0 =
depressions were reproduced in the obturation. 1 = One to (i
depressions were reproduced. 2 = More than three depressic
were reproduced.

3. Voids: 0 = Evidence of two or more areas that lacked surli
adaptation to the canal wall. 1 = One such area was present.
No voids were present.

4. Homogenicity of obturation: 0 = Gross evidence of indii
ual accessory cones, spreader tracts, or folding over of gutta-pei
was visible. 1 = Minor evidence of individual accessory cor
spreader tracts, or folding over of the gutta-percha was visible It
The gutta-percha exhibited a smooth surface with no visible &
formities. The results of the evaluations were subjected to st
tical analysis using an analysis of variance and a Smdem-Newm]
Keuls test.
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RESULTS

The mean scores for each criterion and the total mean scores|
each group are shown in Table 1. Statistical analysis of the resit
indicated highly significant differences among the groups {p
0.0001). All groups were significantly different from each ofi¢
{p < 0.05) except for the plastic and titanium Thermafil grou
which were not significantly different from each other (p > 0.0} Fi6 2.
Based on the evaluated criteria, the Obtura 11 thermoplasticiz»:“ ey
injectable technique demonstrated the best adaptation to the pif
pared root canal. This group was followed in order by the plid® han 1]
and titanium Thermafil obturators, the stainless steel Thermi® {echni

obturators, and lastly by the lateral condensation technique. sistent
betwe

few v

DISCUSSION Was s
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Each obturation technique had unique characteristics of adip ¥ Obtur:
tation when the halves of the root canal were separated. The Ohtut group
I thermoplasticized injectable technique (Fig. 1) was judged 88 worki
have the best overall adaptation to the canal walls. This 8 &5 the ok
agreement with Budd et al. (4) who showed that the high- ad
low-temperature injectable techniques were significantly hfa!r.‘

studie
mafii
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| Representative sample of the Obtura Il thermoplasticized
_able group (original magnification X10).
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Othcr(p> 0 2. Representative sample of the plastic Thermafil obturator
[hermop]astj p (original magnification x<10).
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er by the Pl the lateral condensation technique. The Obtura 11 injectable
sleeI.Ther nique was the only method that obturated the root canal con-
echnique. tly 1o the working length. Extrusion of the gutta-percha
ween the two halves ot the model was also seen (Fig. 1). Very
' voids were present, and excellent smooth surface adaptation
lsseen in all the obturations of this group.

! The scores of the three Thermalil obturations were between the
l“cs of adifry 11 and lateral condensation groups. All three Thermafil
. The Ob aps showed incomplete extension of the gutta-percha o the

S Judged ljing length (Figs. 2-4). Some space usually remained between

Thjs 15 i obturator and the end of the prepared canal. This is contrary to
* high- ales 1hat reported a propensity for apical extrusion of the Ther-
ntly bett&:u filling materials (9, 10). No explantation for this difference

¥y 1

‘Pcrd;_'IllOWelgmihcam differences between the groups (p = 0.05). All other groups significantly different from each other (p - 0.05).
> ha1v<_:5~ Mo«

Fic 3. Representative sample of the titanium Thermafil obturator
group (original magnification x10).

Fic 4. Representative sample of the stainless steel Thermafil obtu-
rator group (original magnification x10).

could be determined from this study. A standardized, large. rela-
tively straight root canal was used to directly compare cach obtu-
ration technique in the split-tooth model.

Exposure of the underlying plastic or metal carriers accounted
for the high incidence of voids in all Thermafil groups. Shrinkage
of the gutta-percha into the spiral flutes of the stainless steel carrier
was found, whereas the solid core carriers showed a stripping of
the gutta-percha from the carrier surface. The shrinkage of material
into the flutes may also have accounted for the lower number of
surface depressions reproduced in the stainless steel Thermafil
group. All three Thermafil groups demonstrated a very smooth
surface of the gutta-percha.

The lateral condensation technique demonstrated the lowest
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Fic 5. Representative sample of the lateral condensation group
(original magnification x10).

overall mean scores for the criteria evaluated. The gutta-percha
was usually close to the working length, probably due to the master
cone being prefitted 0.5 mm from the working length. Voids,
individual accessory cones, spreader tracts, and folding of the
gutta-percha were commonly seen, and very few of the surface
depressions were replicated (Fig. 5).

Each obturation was videotaped on both the mesial and distal
sides for evaluation of the adaptation to the canal wall. This
necessitated careful removal of the obturation material from the
model system. This was casily performed with all the techniques
and materials used in this study, and the use of a solvent or
lubricant in the root canal was not necessary. Budd et al. (4)
reported problems with brittleness with both the high- and low-
temperature injectable systems in their study. This was not found
in the present study. However, the accessory points in the lateral
condensation group would occasionally tend to separate when the
model was opened, as previously reported (4).

A root canal sealer was not used in this study. Only the adap-

—
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tation of the obturation material itself to the canal wall was evil
vated. It was not the purpose of this study to evaluate the seald
distribution or film thickness in the split-tooth model. However,
sealer is always indicated with any obturation technique to reduc
clinical microleakage into the root canal system (13, 14).

Dr. Weller is program director, Postgraduate Endodontics. Dr. Kimbroug:
is director of Undergraduate Endodontics. Dr. Anderson is chairman, Depar-
ment of Endodontics, School of Dentistry, Medical College of Georgia. Ac
dress requests for reprints to Dr. R. Norman Weller, Department of Endodon
tics, School of Dentistry, Medical College of Georgia, Augusta, GA 30912
1244,
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