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Abstract — The purpose of the present study was to radiograph-
ically assess the efficacy of various retrofilling materials and of
the use of CO, laser in apical surgery. The mandibular premolars
of six beagle dogs were infected, resulting in periapical lesions.
Apical surgery was performed without root canal treatment.
Amalgam with cavity varnish, glass ionomer cement and a light-
cured composite resin were the retrofilling materials used. In half
of the material CO, laser was used on the root surface and the
bone, for occlusion of the dentinal tubuli and sterilization. The
healing following surgery was observed radiographically for six
months. The highest success rate (899%,) was found in the roots
retrofilled with amalgam and varnish, and the lowest (60%,) in
those retrofilled with the composite resin. The difference between
these groups was statistically significant. The success rate follow-
ing retrofilling with glass ionomer cement was 699%,, and was not
significantly different from both the other groups. Under the
conditions of this study, the use of CO, laser during surgery did
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not affect the treatment results.

Failures following apical surgery are associated with
the leakage of irritants from the root canal, due to
poorly sealing retrograde fillings (1). Consequently,
the sealability of various suggested retrofilling ma-
terials has been extensively studied (2-12). Com-
posite resins (2, 3) and glass ionomer cement (4)
compared favourably with various retrofilling ma-
terials including amalgam. In those studies amal-
gam was used without cavity varnish, that signifi-
cantly improves its seal (5, 6). Compared to amal-
gam with varnish, composite resins (6, 7) and glass
ionomer cement (6-9) sealed equally well or better.
The retrofilling in most of the sealability studies was
performed in vitro, and their results are incompar-
able to retrofilling in vivo (10) which was performed
infrequently (5, 10-12). Clinical comparison of
retrofilling materials has been advocated (3, 5, 9),
but such studies are scarce (1, 13, 14).

Apical leakage might occur also via dentinal tub-
uli that are exposed by bevelling the root surface,
bypassing the retrofilling (15). This pathway of leak-
age may be eliminated by minimizing the bevel or
by extending the retrofilling coronally (15). Techni-
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cally, however, it is sometimes impossible to ac-
complish, and therefore sealing of the dentinal tubu-
li on the bevelled root surface is desirable (15).

Apart from the persistent bacterial apical leakage,
bacteria may be harbored extraradicularly (16-18),
by colonizing the apical root surface (17) and by
invading the periapical tissues (18). The common
modality for riddance of the infected tissue is the
curettage performed in apical surgery, but it may
be incomplete. Moreover, during the surgical pro-
cedure the periapical tissues may become further
contaminated (19). However, conventional steriliza-
tion of the periapical environment during apical
surgery cannot be employed in situ.

Melcer et al. (19) suggest the use of CO, laser to
improve the prognosis of apical surgery. The surface
fusion and recrystallization of CO,-lased dentin (20)
result in tubular occlusion (21, 22), which might
seal the bevelled root surface (19). CO, laser effec-
tively sterilizes infected dentin (23, 24), and has
been utilized in apical surgery to sterilize both the
root surface and the periapical alveolar bone (19,
22, 25). Soft tissue ablation and occlusion of minor
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blood vessels (26) are further advantages of apply-
ing CO, laser in apical surgery (25). The success
rate of apical surgery using CO, laser is reported to
be as high as 98°, (19). In contrast, the use of CO,
laser in animals on long bones (27, and alveolar
bone (28, 29) slows down osseous healing (27, 28,
and occasionally bone sequestration occurs (28, 29),

The purpose of the present investigation was to
study the healing following apical surgery per-
formed with the use of various retrofilling materials,
with and without the use of CO, laser.

Material and methods
Experimental design

Six male 2-year-old beagle dogs were used in the
present study. For every intervention the dogs were
anesthetized by means of intravenous administra-
tion ot 6%, pentobarbital (30 mg/kg), after sedation
by intramuscular injection of 2%, Rompun (Bayer,
Leverkusen, West Germany) (1 ml/kg). Apical
periodontitis was induced in the mandibular pre-
molars of the dogs (30) by coronally exposing the
pulps and sealing cotton pellets with the dogs’
plaque into the pulp chambers. Three weeks later
the development of periapical lesions was confirmed
radiographically (Fig. 1), whereupon apical surgery
was performed. The composition of the experimen-
tal and control groups is presented in Table 1. The
treated teeth were observed radiographically for six
months, at which time the dogs were sacrificed by
means of an overdose of 6°, pentobarbital.

Surgical procedure

Buccal full thickness flaps were reflected after sulcul-
ar incision with a diagonal vertical release at the
first molar region, Surgical access cavities were es-

Fie. I Rudiograph of dog’s mandibular premodars three weeks

alter infection by sealing plaque in their root canals Apical

penodontins developed in conjunction with all the roots.
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Tabte 1. Design of the study in which apical surgery in dogs was performed
with various retrofilling materials, with or without the use of CO, laser.

Retrofilling Experimental groups (roots) Negative Positive
matenial Unlased Lased Total control  control
Amalgam and varnish 14 14 28 3 4
Glass ionomer cement 14 12 26 4 4
Composite resin 12 13 25 P 2
Total no. of roots 40 39 79 9 10

tablished individually for each root, except when
adjacent roots were in close proximity to each other.
The access cavities were prepared by means of tung-
sten carbide tapered fissure burs at high speed with
water spray cooling. The roots were then apicected
and bevelled with the same burs. The periapical
granulation tissue was curetted out. Following the
identification of the root canals retrograde cavities
were prepared by means of small round steel burs
at slow speed. After packing the access cavities with
gauze, the retrograde cavities were dried by means
of paper points and retrofilled with the test materials
(Fig. 2). The flaps were replaced and secured tightly
by means of interrupted 3.0 silk sutures, that were
in place for two weeks before removal.

Retrofilling materials and techniques

Each one of the test materials was used for retro-
filling the roots in two dogs. The following materials
were used according to the manufacturers’ instruc-
tions.

Amalgam. Silmet non-gamma 2 amalgam (Silmet,
Givatayim, Israel) was used. Prior to retrofilling

Fig. 2. Clinical view of a omplete group of roots retrofilled with

amalgam and varnish without the use of laser. All the roots were
accessed individually, except the first premolar and the second
premolar mesial root. The access and the retrograde cavities
were sized as uniformly as clinically possible



Fig. 3. Photograph of the CO, laser used in the present study.
The transmittance of the laser beam is through an articulated
arm, ending with a handpiece. Activation of the laser beam is
by means of a foot switch, which is not shown.

with the amalgam, the retrograde cavity walls were
coated with Copalite (Bosworth, Skokie, Illinois,
USA), by means of reversed paper points. The
amalgam was placed into the retrograde cavities
and compacted by means of miniature carriers and
pluggers.

Glass tonomer cement. Fuji 11 glass ionomer cement
(G-C Dental Industrial Co., Tokyo, Japan) was
used. The retrograde cavities were acid etched with
Fuji Dentin Conditioner. An impression material
syringe (Caulk, Milford, Delaware, USA) was used
for placing the retrofillings. Immediately after their
placement the retrofillings were coated with Fuji
Varnish.

Composite resin. Estilux Posterior mixed with XR-
| radiopaquer light cured composite resin (Kulzer,
Friedrichsdorl, West Germany) was used. Before
retrofilling the retrograde cavites were acid etched
with Esticid, rinsed and dried. Dentin Adhesive
bonding agent was applied to the retrograde cavities
by means of reversed paper points and light cured.
The composite resin was then syringed into the
retrograde cavities like the glass ionomer cement.

Retrofills and CO, laser in apical surgery

Use of CO, laser

Sharplan 1020 CO, laser (Laser Industries, Tel
Aviv, Israel) was used in the experimental teeth on
the left side. This laser delivers a maximum power
of 20 W in continuous, single pulse or repeated pulse
modes. The laser beam is transmitted through an
articulated arm to a “handpiece”, from which it is
emitted at either straight, 90 degree or 120 degree
angles (Fig. 3). The focal spot diameter is 0.22 mm.
Based on the literature regarding the clinical use of
CO, laser in apical surgery (19, 22, 25) it was used
as the following,

Ablation of granultion tissue. 10-15 W defocused in
0.05 sec repeated pulse mode.

Hemostasis. 35 W defocused in continuous mode.

Treatment of dentin. 15 W at focus with 0.05 sec
single pulses. The retrograde cavities were exposed
before retrofilling and the bevelled root surfaces
were exposed after retrofilling, by single adjoining
exposures (Fig. 4).

Treatment of alveolar bone. 15 W at focus and defocu-
sed in 0.05 sec repeated pulse mode. The periapical
bone was lased all around the surgical access cavity
(Fig. 4) before replacing the flaps.

Fig 4. Climcal view of the effecr of CO - Laser exposure resulting
in charring of the denun and hone The root surfaces were
exposed alter retrofilling arrows tollowed by exposing the pen-

apical bony cavities betore repositioning the flap
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Fig. 5. Radiographs of the mesial root of a dog's left first man-

dibular molar serving as a positive control. The periapical lesion
has increased in size in the absence of a retrofilling. A. Immedi-
ately after apicoectomy. B. Lack of periapical repair upon final
follow up at six months.

Controls

The positive control consisted of the left first molars,
that were infected and apicected like the experimen-
tal teeth, but were not retrofilled. The negative
control consisted of the right first molars that were
not infected but rather extirpated, root canal instru-
mented and obturated with gutta-percha and sealer.
They were then apicected and retrofilled like the
experimental teeth, with the same material as the
experimental teeth in the same dog.

Assessment of results

Each group of treated teeth was radiographed im-
mediately after surgery. The periapical healing was
followed radiographically at two, four and eight
weeks postoperatively, and continued at monthly
intervals up to six months. The exposure of all the
radiographs was the same (65 KV, 10 m amp, 0.4
sec), the angulations were controlled using a paral-
leling device, and the processing was done under
standardized conditions. They were then viewed
and compared independently by the three exam-
iners, two of whom were unaware of the viewing
sequence. The repair of the periapical surgical de-
fects with bone was observed. Restoration of normal
periapical appearance, allowing a remaining widen-
ing of the periodontal ligament space, was con-
sidered as “success”. Lack of periapical repair was
considered as “failure”. The results were compared
using the Kruskal-Wallis 1-way analysis of variance.
Each two groups were compared using the Mann-
Whitney U-test. Levels of p=0.05 were considered
significant in both tests.
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Comparison of the radiographic interpretation by
the three examiners revealed no interexaminer vari-
ation. All positive control roots exhibited persisting
apical periodontitis (Fig. 5A, B). All the negative
control roots demonstrated complete repair (Fig.
6A, B). The lased lesions appeared to be repairing
slower than the unlased ones. However, this was
only a subjective observation. An example of the
radiographic appearance immediately after com-
pletion of apical surgery and after six months is
demonstrated in Fig. 7A and B respectively.

The results of the study are presented in Fig. 8.
The differences in the success rates obtained with
the three retrofilling materials were statistically sig-
nificant (p <0.05). Retrofilling with amalgam and
varnish was significantly more successful than with
the composite resin (p<0.02). The difference be-
tween glass ionomer cement and amalgam or glass
ionomer cement and composite resin were not statis-
tically significant (p=0.07 and 0.5 respectively).

With respect to the use of CO, laser the success
rates obtained with or without the use of laser within
each retrofilling material group were not significant-
ly different. The average success rate was similar
with and without the use of CO, laser.

CO, laser ablation of periapical granulation tissue
was considerably lengthier than conventional curet-
tage. Also, hemostasis with the laser was not predict-
ably obtained. Repeated lasing after drying of the
surgical cavities resulted in renewed hemorrhage.

The present study was designed to evaluate the
efficacy of the retrofilling materials and the use of

Fig. 6. Radingrnphs of the distal root of a dog’s right first man-
dibular molar serving as a negative control. Complete periapical

repair occurred in the absence of root canal infection,

A. Immediately after root canal obturation, apicoectomy and
retrofilling with a composite resin. B, Complete periapical repair
upon final follow up at six months,



Fig. 7. Radiographs of dog's mandibular premolars which were

retrofilled with amalgam and varnish with the use of CO, laser
A. Immediately after completion of surgery. B. Final follow up at

six months, demonstrating “success” and “failure” of treatment

CO, laser in apical surgery in vivo. In vitro sealabil-
ity studies of retrofilling materials have only sugges-
tive value (3, 5, 9). Implanting retrofilled roots (5
allows the materials to interact with tissue before
leakage is compared. The same is achieved by per-
forming the retwrofilling in vivo (10-12), which
better simulates the clinical limitations than if the
retrofillings are inserted extraorally. However, the
correlation of leakage of the commonly used tracers
with clinical efficacy is questioned (31
retrofilling materials should be compared in a clin-

Therefore,

ical setting before they may be rated conclusively
53). Clinical studies are the most desirable model.,
but they require a long term observation of large
populations. To avoid that, in the present study
periapical repair was assessed in dogs.

The mandibular premolar teeth were chosen for
this study. Their roots are usually well separated
from each other making it possible to individually
access each root and observe the healing of each
periapical defect. Root canal fillings were not per-
formed, so that the retrograde fillings alone sealed

Retrofills and CO, laser in apical surgery
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Fig. 8. Plotted representation of the study results, The success rate
was assessed radiographically following apical surgery performed
with various retrofilling materials, with or without the use ol
o, ].ist'l

the infected root canals. The negative and positive
controls validated the experimental model by con-
firming that without infection periapical repair con-
sistently occurred, while persistent infection pro-
hibited repair.

Retrofilling with amalgam and varnish was sig-
nificantly more successful than with composite resin,
and somewhat better than with glass ionomer ce-
ment. In in vitro studies amalgam with varnish is
found to be equal to (6) or inferior to (7) composite
resin. In vitro it is also inferior to glass ionomer
cement (7-9
out varnish is more successful than glass ionomer

. Compared clinically, amalgam with-

cement (13), but less successful than a composite
resin (14) when these materials are used for retro-
filling. In vivo the seal of amalgam retrograde fill-
ings is initially improved by the use of cavity varnish
(5). With time 1t becomes gradually better (10, by
accumulation of corrosion products in the marginal
gaps (5). Conversely, the setting reaction of glass
ionomer cement in vivo mav be hindered by the
humidity (32). Technically, in this study the con-
densation of amalgam retrofills could be well con-
trolled, whereas the condensation of the Composite
resin and glass ionomer cement proved to be diffi-
cult, and may have resulted in voids. With respect
to biocompatibility, the poor adaptation of fibro-
blasts to a composite resin in vitro ‘33 indicates
that 1t mav irritate the pertapical tssues. The tssue
compatibility as retrofillings has been confirmed
histologically for both amalgan 34 and glass iono-
mer cement (35

Melcer eval. 119 report a 98" success following
apicoectomy with the use of CO, laser in a compar-
able manner to that used in the present study. With
the exception of unpublished information 22 the
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authors are unaware of other such reports. In that
respect the present study is the first comparison of
the prognosis of apical surgery with and without the
use of CO, laser. Under its conditions it failed to
demonstrate clinical advantages with the use of la-
ser. The well documented effect of tissue ablation
and coagulation (26) did not facilitate the surgical
procedure, which could be performed quicker by
conventional means. The use of CO, laser as de-
scribed did not improve the success rate after apical
surgery. It remains a possibility that exposing the
entire bevelled root surface, rather than performing
intermittent exposures as demonstrated previously
(19, 22), may scal the dentinal tubuli more effec-
tively and result in a better prognosis. Nevertheless,
this study confirmed that healing occurred after
irradiation of the periapical bone with CO, laser
with a power as high as 15 W. This finding appeared
to contradict previous reports of impaired bone
healing after CO, laser irradiation with comparable
powers (27-29). However, the extent of thermal
tissue damage from laser irradiation is proportional
to the exposure time (36). In the present study the
bone was exposed with 0.05 sec pulses, whereas in
the previous studies the exposure time varied from
0.5 sec (28) to continuous mode (27, 29). In view
of the theoretical advantages of using lasers in apical
surgery it appears appropriate to suggest that their
various effects on the apical and periapical tissucs
be studied in further detail.

In conclusion, amalgam and cavity varnish re-
sulted in a significantly higher success rate than a
composite resin when used as retrofilling materials
in apical surgery. Glass ionomer cement was insig-
nificantly poorer than amalgam and varnish, and
better than the composite resin. Regarding the use
of CO, laser in apical surgery, this study did not
demonstrate differences in the treatment success ob-
tained with or without its application.
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