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ffect of Orifice Plugs on Periapical Inflammation in Dogs
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bstract
utta-percha (G) and sealer do not resist coronal leak-
ge. In this study, the effect of orifice plugs using
entin-bonding/composite resin(C) or IRM on coronal

eakage was evaluated in vivo. Sixty-one premolar roots
n three beagle dogs were instrumented and filled with

and AH 26(S), or G alone. The coronal 2 mm was
eplaced with C or IRM, or left untreated. The access
avities were kept open for 8 months, the dogs were
illed and the periapical regions of the roots were
istologically examined. Periapical inflammation was
bserved in 89% of the group without plugs, but in
hose with plugs, the occurrence was decreased to 39%
C � G � S), 38% (IRM � G � S) and 58% (C � G),
espectively. Furthermore, severe inflammation was ob-
erved in 50% of the former group but only 0 to 17%
f the latter. The substantial reduction in apical peri-
dontitis by the use of coronal plug underscores the
linical importance of providing an additional barrier to
oronal leakage in comparison to that provided by
utta-percha and sealer alone. (J Endod 2006;32:
24–526)
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he goal of the endodontic treatment is to prevent or cure apical periodontitis. Apical
periodontitis is caused primarily by microorganisms and/or their by-products in the

oot canal system (1– 4). Even after root canal filling under good microbial control,
econtamination of root canal system can occur when microleakage takes place.

Gutta-percha combined with sealer (G/S), the most widely used root-filling mate-
ial, has been demonstrated to be a poor sealing material (5– 8). Swanson and Madi-
on, for instance, reported that when the root canals filled with G/S are exposed to
rtificial saliva, microleakage occurred in the canal space in 3 days (5). Torabinejad
nd co-workers reported that over 50% of the root canals filled with G/S were contam-
nated after 19 days of exposure to Staphylococcus epidermidis and 50% were con-
aminated after 42 days exposure to Proteus vulgaris (6). Several in vivo studies have
lso demonstrated that when inoculated with plaque, 40 to 80% of premolar root canals
illed with G/S resulted in mild inflammation (9, 10).

In an attempt to minimize the coronal microleakage upon G/S filling, Barthel and
o-workers placed coronal seal with composite resin or IRM in vitro and examined its
ffect (11). The results showed that the sealability of the former had better sealing
gainst bacteria when compared with the latter. Belli and co-workers (12) also dem-
nstrated that dentin bonding adhesive materials showed less leakage than IRM. Mah
nd co-workers recently have demonstrated that, when access openings were inocu-
ated with plaque, the placement of white mineral trioxide aggregate (MTA) as orifice
lugs reduces the rate of inflammation in comparison to those without plugs (13).

All of these in vitro and in vivo studies have demonstrated that G/S alone leaks and
hat a placement of orifice plugs may be beneficial to prevent the microleakage (14, 15).
he objective of this study was to further evaluate the effects of orifice plugs using IRM
r dentin bonding/composite resin on coronal leakage in vivo where the root canals
ere exposed to oral environment. The coronal leakage was assessed by the occurrence
nd severity of periapical inflammation.

Materials and Methods
nimal Experiments

The study protocol was approved by the University of North Carolina Institutional
nimal Care and Use Committee (IACUC). A total of 61 premolar roots in three beagle
ogs were used for this study. The anesthetic induction was achieved by intravenous
dministration of thiopental (13.2 mg/kg body weight) followed by administration of 1
o 2 % isoflurane via an endotrachial tube. The dogs also received a local anesthetic
bupivacaine 0.5 ml/quadrant) as regional nerve block anesthesia. Animals were con-
tantly monitored during the course of the study to ensure that any of the procedures
as carried out painlessly. To minimize any postoperative discomfort for the dogs
uring the study, three pharmacological approaches were taken: (a) Rimadyl (2.2
g/kg orally every 12 h) was given preoperatively beginning 24 h before the surgical

ession. (b) Upon termination of the surgical sessions, the dogs received an immediate
ubcutaneous injection of butorphanol (0.2 mg/kg) for postoperative analgesia. (c)
he dogs were given Rimadyl postoperatively (2.2 mg/kg orally) every 12 h for 48 h to
ontrol inflammation or pain. The radiographic examination was conducted every two
onths for 8 months of experimental period. The dogs were fed their normal soft diet

fter root canal treatment. The mouths of the dogs were inspected for signs of obvious

nfections or ulcers. Food intake was also monitored.
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oot Canal Instrumentation and Orifice Plug Placement
All procedures were performed under strict aseptic conditions.

efore treatment, the teeth were radiographed, pumiced, isolated with
ubber dam, and wiped with chlorhexidine gluconate mouth rinse. Root
anal instrumentations were performed with ProFile rotary files
Dentsply Tulsa Denatl, Tulsa, OK) and a #40 K file (Kerr, Romulus, MI)
o working length. A total of 10 ml of 1.25% sodium hypochlorite
NaOCl) was used for irrigation between instruments with a syringe and
27-gauge Monoject endodontic irrigation needle (Sherwood Medical,
t. Louis, MO). All root canals were dried with sterile paper points and
illed immediately after instrumentation. Each root canal was randomly
llocated for filling with gutta-percha and AH26 (Dentsply, DeTrey,
ermany) except one group that received gutta-percha but not sealer.
utta-percha was fitted apically and then vertically thermoplastisized
sing the system B, i.e., continuous wave of condensation technique
System B, Analytic Endodontics, Orange, CA). A back fill with Obtura
utta-percha was carried out using the Obtura II system (Obtura Spar-
an, Fenton, MO).

After completion of root filling, the roots were divided into two
roups. For the group with orifice plugs (a total of 43 roots), coronal 2
m of filling material were removed and filled with IRM (L.D. Caulk
ivision, Dentsply International, Inc.) (G � S � IRM, n � 13) or
omposite resin (Kuraray Co., LTD, Japan) (G � S � C, n � 18; and G

nstrumentation/
Obturation

Removal of G/S Placement of Orifice Plug

Plug (IRM or Composite)

Histology

~2 mm

8 months

With plug Without plug

igure 1. Illustration of the experimental procedures. After instrumentation and
bturation are completed, for the group with plugs, 2 mm of coronal part of
illed materials were removed and replaced with composite resin or IRM. See
etails in the text.

igure 2. Typical histological images of (A) no inflammation, (B) mild inflam
nflammation, the root surface, periodontal ligament and alveolar bone are nor
he periodontal ligament space there are some infiltrate but no sign of bone and
n periodontal ligament, and diffuse and dense inflammatory infiltrates are evide

ndicated by arrows.

OE — Volume 32, Number 6, June 2006
C, n � 12). For the latter case, the canal space was treated with
learfil SE Bond Primer (Kuraray Co., LTD) for 20 s and gently air dried

or 3 to 5 s. Clearfil SE Bond adhesive was then applied with a brush and
ight cured for 10 s (Optilux501 Demetron/Kerr, Danbury, CT; intensity
f 620 mW/cm2). The Photo Core (Kuraray Co., LTD) light cured com-
osite resin was used to fill the space (40 s curing time). Another group,
total of 18 roots (G � S), received no orifice plugs.

The pulp chamber was kept open to the oral environment for 8
onths. The procedures are summarized in Fig. 1.

valuation of Periapical Inflammation
After 8 months, the dogs were killed with the use of pentobarbital

iv administration), using a dosage of 30 mg/kg body weight. The upper
nd lower jaws were dissected, fixed with 10% phosphate-buffered for-
alin, and demineralized with 10% EDTA, embedded in a paraffin

lock, 5 to 7 �m sections were cut in a mesio-distal orientation to
nclude root canal system with at least 1 mm of periapical tissue and
tained with hematoxylin and eosin. At least six sections per root were
ut and those exhibiting the canal system and periapical regions were
elected. The periapical regions of the roots were then examined under
light microscope at �10 magnification. The evaluators were blinded

o the treatment groups and evaluated the histological sections. Peria-
ical inflammation was rated as none: no inflammation with normal
ppearance of the root surface and surrounding tissue (Fig. 2A), mild:
ith infiltrate localized to the periodontal ligament space without evi-
ence of bone and root resorption (Fig. 2B), severe: numerous inflam-
atory cells surrounded the periapical area with bone/root resorption

Fig. 2C).

tatistical Analysis
Wald Chi-squared tests were used to compare the proportions of

nflamed versus noninflamed periapical tissues between treatment
roups. This was done assuming that roots were independent, noncor-
elated observations.

Results
All dogs tolerated the operative procedures well throughout the

xperimental period. There was no evidence of swelling or sinus tract
ssociated with any of the treated teeth.

During the 8 months, no distinct periapical radiolucency was ob-
erved.

n, and (C) severe inflammation in periapical regions (�10: H&E). With no
d the structures are well maintained. In the case of mild inflammation (B), in

resorption. When severe inflammation occurs (C), the infiltrate is wide spread
me cases, root and bone resorptions were observed. Areas of inflammation are
matio
mal an
root
nt. So
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Typical examples of the histological images of the specimens are
hown in Fig. 2A–C. The results of histological evaluation are summa-
ized in Table 1.

The group without plugs (G � S) showed an inflammation rate of
9%. Of those, severe inflammation was found in more than 55% of the
oots. In the group with plugs, the inflammation rate was reduced to
8% (G � S � IRM), 39% (G � S � C), and 58% (G � C). Of those,
evere inflammation was observed in 0, 14, and 30% of the roots,
espectively.

The differences in the inflammation rate between the group with-
ut plugs (89%) and those with IRM (38%) or composite orifice plug
39%) were statistically significant (p � 0.001 and 0.004, respec-
ively).

Discussion
It is well accepted that gutta-percha combined with any sealer used

or root filling (obturation) do not sufficiently block the invasion of
acteria and/or their by- products, which leads to coronal microleak-
ge and eventually periapical inflammation (5, 7, 8, 16). The results of
he current study provide further evidence that these conventional filling

aterials alone can not block the coronal microleakage and, after 8
onths of exposure to oral cavity, almost all the roots examined (89%)

xhibited inflammation. More than half of those cases were severe in-
lammation.

The placement of orifice plugs showed significantly lowered rates
f inflammation (by �50%) when compared to the group without
lugs. Even when only gutta-percha (without sealer) was used for filling,
he placement of an orifice plug significantly improved in preventing the
ccurrence of inflammation. The results indicate that IRM or compos-
te, as an orifice plug, is equally good in the prevention of microorgan-
sms penetration of the entire root canal system. In this study, a potential
ariation within dogs was not taken into account. To further validate the
onclusion, a more extensive study by increasing the number of animals
nd each treatment may be necessary.

IRM is one of the most commonly used temporary cement that
ontains zinc oxide-eugenol that has an anti-bacterial and anti-inflam-
atory effect. Although some in vitro studies reported that a sealability

f IRM is poorer than that of composite (14), this material may prevent
nd/or delay the penetration of bacterial ingress for a certain period
ecause of the anti-microbial effects.

Dentin adhesive composite resins have long been used in operative
entistry because of the tight bonding to dentin and a superior sealing
bility (17). Though the use of this material as an orifice plug signifi-
antly reduced the rate of inflammation in comparison to the group
ithout plugs, 39% of the roots still showed periapical inflammation

ndicating that the blockage was not sufficient. A possible explanation
or this is an incomplete light cure because of the very limited access to
he cavity space, and relatively narrow and deep cavities of orifice plugs
18). Utilization of other composite materials or modified techniques
ay be required to further improve the sealability. More extensive and

ong-term studies are clearly warranted to establish a better and more

ABLE 1. Periapical inflammation with and without plugs

Materials used

Root filling

Without plug G�S
With plug G�S I

G�S C
G C

M, mild; S, severe.
fficient system for orifice plug placement.

26 Yamauchi et al.
In conclusion, the results of this study demonstrate that the place-
ent of orifice plug after root canal filling is beneficial to delay and

revent coronal microleakage.
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Rate Severity*

16/18 (89%) M � 7, S � 9
5/13 (38%) M � 5, S � 0
7/18 (39%) M � 6, S � 1
7/12 (58%) M � 5, S � 2
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