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The Injection-Molded Technique for
Strong, Esthetic Class 11 Restorations

The traditional technique for preparing and filling Class II restorations ultimately leads to higher failure rates.

By David J. Clark, DDS

lass IT restorations
present several
challenges to the
clinician. The tra-
ditional technique
for preparing and
filling these resto-
rations leaves them prone to leaking,
chipping, wholesale fracture, recurrent
decay, and ultimately, higher failure
rates when compared to amalgam."®
The classic cavity preparation designs
first created by G.V. Black represented a
significant advance during his day; how-
ever, that day was in the 19th century.
We are now seeing evidence that these
shapes can weaken the dentition by
contributing to tooth fracturing, in spite
ofthe belief that composites will always
strengthen the tooth. Furthermore, the
practice of applying several separately
cured layers of composite in a deep
and boxy preparation creates risks for
voids, gaps, and seaming between layers.
Residual stress can build in the tooth
and restoration as the composite is lay-
ered and, in spite of careful layering, the
composite often shrinks as the stress
builds to eventually create marginal
gapping or enamel microfracturing.
To counter the problems often associ-
ated with Class IT composite restorations,
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the author has developed a technique for
injection-molded composite dentistry,
which reduces the potential for voids and
fault lines while maintaining the struc-
tural integrity of the tooth. This tech-
nique involves the use of a redesigned
cavity preparation, atranslucent matrix
system, and the proper combination of
paste and flowable composites to create
strong and esthetic restorations. The
self-called “Clark Class IT” is an evolved
version of previous modifications of the
original G.V. Black preparation, such as
the slot preparation (Figure 1).

Evidence shows that the incorpo-
ration of flowable composites is now
becoming increasingly common, with
one survey finding that more than 90%
of dentists reported using them in the
past year.* This popularity, though,
comes without any clear consensus
on the specific usages, techniques, and
percentages of flowable composite that
should be employed in Class II resto-
rations. Additionally, the available
research does not necessarily support
the use of flowable composite, with no
proof of improvement in internal ad-
aptation or a difference in restorative
performance.?>>® However, by the end
of this article, the reader will be con-
fident in a disciplined use of flowable
composite in a manner that has been
shown in the research to provide a su-
perior outcome.

Modified Preparations

The configuration of the cavity plays
an important role in the durability of
the restoration. The traditional boxy
shape of a Class II preparation creates
sharp internal line angles, promotes
crack initiation,” and leaves dentin
vulnerable to fracture. Moreover, this
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shape of preparation makes the resto-
ration prone to unfavorable composite

shrinkage, as the composite shrinks

away from opposing walls of the prep-
aration and creates gapping and/or

stress. An additional consideration is

that the G.V. Black, or slot, preparation

maximizes bondable dentin surfaces

while minimizing the bondable enamel

surface area.

However, with aredesigned prepara-
tion that is flat and shallow, the typi-
cal C-factor problems are eliminated
or mitigated. A saucer-shaped prepa-
ration with feather edges avoids the
sharp angles of the traditional prepa-
ration, and also allows the composite to
act in a new way on the tooth—sitting
on the tooth instead of in it. With this
shallower preparation, the composite
can be injected in one phase instead
of increments, which saves time and,
more importantly, eliminates the risk
of gapping between layers.

PREPARATION COMPARISON (1.) Comparison of Clark Class Il preparation
(left) vs the slot preparation (center) vs the GV. Black preparation (right).

Translucent Matrix System
Injection-molded composite dentistry
requires the use of a new kind of matrix
system, which uses translucent matri-
ces (Bioclear; www.bioclearmatrix.com).
These matrices make it possible to per-
formbuccal lingual curing, and also facil-
itate single-load filling. While traditional
metal matrices allow curing only from
the occlusal surface, a translucent matrix
allows the composite to be cured from
both buccal and lingual angles. The two
sides can be cured simultaneously with
two lights, and even a 7-mm preparation
can be cured in a single load.

Balanced Use of Paste and
Flowable Composites

With a minimally invasive cavity shape,
the resultant space is difficult to fill
strictly with paste composite. The prepa-
ration in this technique is shaped like a
saucer instead of a hole, and because
paste composite is so heavy, it does not




easily flow into deep areas. To address
this issue, practitioners often make the
mistake of relying too heavily on flowable
composites, which have inherent weak-
nesses. First, flowable composites are
more prone to shrinkage than are paste
composites. Additionally, flowables are
typically not as strong as pastes, and flow-
able composite near the occlusal surface
is more prone to wear than paste com-
posite. However, flowable composites
can be extremely useful when applied
in moderation. By marrying flowable
composite with paste, the practitioner
is able to mitigate the shortcomings of
flowable while maximizing its superior
handling characteristics.

Recently, the Professional Products
Review from the ADA presented a com-
prehensive review of the science of and
the clinical application for flowable
composites.” The publication featured
apanel of experts weighing in on their
opinion of flowable composites, and
many questioned the use of flowable
as alinerbeneath Class II restorations.
When used as aliner, the flowable com-
posite is placed and cured separately.
However, other researchers describe
a different method, referred to as the

“snowplow technique,” in which the
flowable is placed first and not cured
separately, followed with a paste com-
posite injected into the flowable, which
is then “squeegeed” out of the sides of

RESTORATIVE I

therestoration. These researchers have
found that this technique can improve
adaptation and also lessen the chance
of marginal leakage, versus separate
layers of flowable.®?

The Injection-Molded
Technique

Before beginning the technique, if a
significant amount of dentin is present,
that dentin is either covered with glass
ionomer or dentin bonding agents. The
injection-molded composite dentistry
technique (Table 1) calls for first apply-
ingabondingresin toboth the previously
treated dentin and freshly etched enamel
inside the matrix, then injecting a flow-
able composite into the pool of bonding
resin, and then finally injecting the paste
composite. The resin-flowable-paste
mass is polymerized together in a single
light-cure. In the author’s technique, he
aims for the paste composite to make up
80% to 90% of the overall volume of the
filling, while flowable should account
for 10% to 20%. With traditionally boxy
preparations, it is common to see resto-
rations with 50% to 70% of the overall
volume made up by flowable composite.
That amount (greater than 25%) of flow-
able can be a liability for the dentist and
patient, as our studies have shown that
these volumes can contribute to unac-
ceptably high rates of marginal ridge frac-
ture and complete filling dislodgement.
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Properties of Paste and
Flowable Composite

Choosing the appropriate composite is
another important component of this
technique. 3M ESPE (www.3mespe.
com) has developedboth apaste, Filtek™
Supreme Plus Universal Restorative,
and a flowable composite, Filtek™
Supreme Plus Flowable Restorative,
that lend themselves well to this tech-
nique. The Filtek line of composites has
aunique formulation of lightly sintered
zirconia particles. It has the polishabil-
ity of a microfill and the strength of a
microhybrid, which discourages mar-
ginal ditching and loss of surface luster.
Also, 3M ESPE designed both the flow-
able and the universal with the same
color targets, which helps to ensure an
estheticblend of flowable and universal
in this technique.

Many composites are still indicated
for only anterior or posterior use, and
force a choice to be made between
strength and esthetics. However, Filtek
Supreme Plus can be used for both an-
terior and posterior indications with
full confidence. Its chemistry allows
it to be used universally, further add-
ing to the simplification achieved with
injection-molded composite dentistry.

Case Presentation
The featured case will serve as an intro-
duction toinjection-molded composite

PREOPERATIVE AND PREPARA-
TION (2.) Preoperative view of an
early, incomplete coronal fracture.
Note how the structural crack
crosses over the distal marginal
ridge. (8.) The completed Clark
Class Il preparation. (4.) Outline of
finish lines superimposed over the
preparation. (5.) The lingual portion
restored to mitigate the C-Factor.
(6.) The buccal portion finished.

dentistry. The patient, a 42-year-old
woman, presented with recurrent de-
cay beneath a failing occlusal amalgam
ontooth No. 29. There also was an early
incomplete fracture crossing the dis-
tal marginal ridge, and some second-
ary caries in the dentin near the crack
(Figure 2). The two treatment options
discussed were a porcelain onlay, or a
direct distal-occlusal-buccal-lingual
composite restoration. The patient
opted for the composite treatment as it
was less invasive, less costly, and more
expedient.

Tobegin the treatment, a “pre-wedge”
was placed between teeth Nos. 28, 29,
and 30. The purpose for the pre-wedge
is to gently separate the teeth, com-
press the papilla, and to protect the rub-
ber dam. Itis a simple but vital step for
bonded restorations. The pre-wedge
technique should be used for every
Class IT injection-molded restoration.

To simplify the procedure and to con-
trol shrinkage and C-factor problems,
the occlusal portion was restored first
(Figure 3 and Figure 4). The lingual half
of the tooth was restored with strictly
paste composite (Figure 5). The buc-
cal cusp was then restored with paste
to finish covering the entire occlusal
surface (Figure 6). To mitigate shrink-
age, composite was first applied to the
lingual cusps, and the buccal cusp in-
cline was built subsequently. After
completion of the occlusal portion of
the composite, the author moved on
to treatment of the fracture across the
distal marginal ridge and the caries as-
sociated with the crack.

Following those steps, a brand new
original Fissurotomy® bur (SS White;
www.sswhiteburs.com) was used to
prepare the interproximal portion of the
tooth. To “chase” the fracture, the small-
er Fissurotomy NTF bur was used. Note
the final saucer shape of the preparation
with feather-edge or infinity-edge mar-
gins (Figure 7). The final infinity edge
of the interproximal was prepared with
a fine diamond. As a final step, the pre-
wedges were removed, and the external
areas near the margins were cleansed
and abraded with a lightning strip.

The injection molding step is the fi-
nal portion of the procedure. The proper
Bioclear matrix and Interproximator
were selected and placed (Figure 8).
A 37% phosphoric acid was placed for
20 seconds interproximally and on
the freshly cut composite, then rinsed
and dried. Two coats of Adper™ Single
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TABLE 1

The Injection-Molding Technique
Featuring the Bioclear Matrix System

1. Prepare a saucer-style Class Il preparation as outlined in the Clark Class
Il/injection-molded composite technique, making sure to “pre-wedge”
the teeth to be restored. The process will be predictable only after this
preparatory step is performed. There must be slight clearance between
teeth when finished with the preparations. The contact can be broken
with a lightning strip to avoid gouging the neighboring tooth.

2. Remove the wedge. Interproximals should be aggressively “sanded”
with a lightning strip and cleaned with pumice and rubber cup, and even
followed with sodium bicarbonate spray.

3. Place the appropriate Bioclear anatomical sectional matrix band around
the tooth to maintain anatomic crown and root adaptation. Wetting the ma-
trix with a drop of water before placement seems to make it much easier to
work with. Start with the 6.5-mmm AFM (average flat molar); it is the “go to”
matrix for most posteriors.

4. Stretch the appropriate Interproximator. It can be applied with finger-
tips or with delicate hemostats. A little soap on the isthmus is extremely
helpful. The dental assistant can hold the matrix in place as the doctor
see-saws the Interproximator into place.

5. A separator ring in interproximal embrasure can be used. It will create
additional tooth separation and additional adaptation pressure on matrix.

6. Etch with liquid etchant and immediately chase with gel phosphoric
acid, 1.5 mm past the margins, for more than 20 seconds on enamel and
less than 20 seconds on dentin, then rinse and dry. (For total-etch, use
a single-bottle adhesive.) Apply two coats of bonding resin, air-thinning
and curing each layer individually. The choice depends on personal pref-
erence and the need to leave less than 2 mm of axial space (the distance
between depth of cavity and the projected cavosurface of the compos-
ite.) If there is minimal exposed dentin, skip to step 7 after etching.

7. Bonding resin: Place a total-etch-compatible resin covering the entire cav-
ity preparation and 1.5 mm past the margins. Air-thin the resin except in the
gingival area where a small pool is maintained. Do not light-cure at this point.

8. Flowable composite: Express a tiny amount of the flowable before
placement to ensure that there is no air in the canula. Inject Filtek Su-
preme Plus Flowable Restorative directly into the pool of bonding resin
(under magnification if possible) without incorporating bubbles, filling
the interproximal approximately one third full. Do not light-cure.

9. Paste composite: Inject Filtek Supreme Plus Universal Restorative into

the pool of flowable composite without creating air bubbles, allowing the

paste to displace most of the lesser filled resins (under magnification if

possible). Apply injection pressure as the syringe is pulled away to avoid
“pull-back” and voids.

10. Burnish, carve anatomy, and carve excess composite. Avoid use of a
condenser or plugger. Cure interproximally with two curing lights, one
from the buccal and one from the lingual while applying air cooling from
the air syringe, using high-intensity LED or ARC curing lights. Then cure
the occlusal surface.

11. Remove matrix/matrices and Interproximator, then polish with discs,
strips, and rubber-tipped and carbide burs. Pre-polish with coarse pum-
ice, and finish with a composite polishing cup.

Bond Plus Adhesive (3M ESPE) were
applied to the dentin with a microap-
plicator, air-thinned, and individually
light-cured. Once the dentin was cov-
ered with two coats of bonding resin, the
area was ready for injection molding.
(Before the advent of the IMC technique,
enamel areas needed to be bonded and
light-cured before flowables or pastes
were applied. The injection-molding
technique, however, streamlines these
steps: once the dentin is covered, there is
no need to cure the bonding resin sepa-
rately. The pool of bonding resin allows
the composite to flow seamlessly into
the delicate areas of the matrix.)

The flowable composite was injected
into the pool of bonding resin, filling
the matrix to approximately one third
full. After injection of the flowable com-
posite, the paste was injected, which
acted to drive out the bulk of the bond-
ing resin and flowable composite. The
materials were displaced laterally as
the paste was injected at the mid-inter-
proximal. Pressure was maintained on

FIG.7

PREPARATION VIEWS (7.) A Clark Class Il or saucer preparation allows
the composite to splint the fracture; as opposed to a traditional class Il that
would only further weaken the tooth. Image captured with excess light to
show interproximal area. (8.) Bioclear Matrix and Interproximator in posi-
tion await injection-molded process. (9.) Occlusal view of postoperative
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result after injection molding of the interproximal portion.

the syringe as the injection was finished

to avoid the paste pulling out of the

interproximal area as the syringe was

withdrawn. The syringe was swiped

against the occlusal on removal to

avoid pullback. The excess composite

was quickly removed with an explorer
and burnisher, and the marginal ridge

was rounded. Using a high intensity
(5-second) curing light, the compos-
ite was cured for 10 seconds with dual

lights on both buccal and lingual sides,
then cured for 10 seconds on the oc-
clusal portion, and 10 seconds again

with dual lights from both buccal and

lingual sides. The matrix was removed,
and the Interproximator was cut and

removed laterally. Pre-polishing was

done with coarse pumice and a rubber
cup, and final shaping and polishing

was performed with a combination of
Sof-Lex™ Extra Thin Finishing and

Polishing Discs (3M ESPE) and car-
bide burs on the occlusal surface. The

final polish was achieved with new Jazz

Supreme Polisher by SS White.




CASE EXAMPLES (10.) Facial

view of the postoperative result.
Well-placed, well-polished Filtek
Supreme paste composites have
demonstrated the ability to wear at
that same rate as human enamel.
(11.) Bioclear Average Flat Molar
Matrix ready to insert. 12.) The
Interproximator being “flossed”
into position.

After the procedure was completed,
the patient, who was able to watch the
entire procedure broadcast on chair-
side TV, was ecstatic and commented
that the restoration looked more natu-
ral than some of her existing porcelain
crowns (Figure 9 and Figure 10).

Discussion

The concept of injection-molded com-
posite dentistry can be compared to im-
pressioning, in which the low-viscosity,
light-body material is syringed into
subgingival areas, and then followed
and partially displaced by a heavier,
high-viscosity impression material
that has appropriate physical charac-
teristics. In this technique, successively

RESTORATIVE I

IVORINE CASE I EXAMPLES (13.)
Placing the bonding resin, which
has been dyed orange for demon-
stration purposes.(14. and 15.) The
canula of the flowable composite
poised to be injected into the pool
of bonding resin.

higher-viscosity materials are applied
in sequence, and the bonding resin and
flowable composite act as wetting agents,
which are subsequently displaced by the
heavier paste-composite material.

To demonstrate the stark contrast be-
tween traditional incremental loading
with a metal matrix and the injection-
molding process, the author restored
two ivorine teeth (Figure 11 through
Figure 23). Itis very interesting to note
that for the injection-molding technique,
the author purposely placed excessive
bonding agent (dyed orange) and excess
flowable composite (dyed green), and
yet the final view demonstrates how ef-
fectively the paste composite displaces
nearly all of the lesser-filled resins. The
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IVORINE CASE I EXAMPLES (16.)
Filtek Flowable (dyed green for
demonstration) is injected into the
pool of bonding resin. (17.) Dual cur-
ing lights with buccal-lingual curing.
(18.) The “extracted” ivorine tooth
with the matrix partly peeled away.

best way to describe the technique is
to compare it to seating a porcelain
onlay, where the bonding resin is not
cured separately and the resin cement
is squeezed laterally, the excess cement
cleared away, then the complex (por-
celain, resin cement, bonding resin)
is cured all at once. In the traditional
preparation, four problems are evident
(Figure 23). First, the excessive flow-
able composite (green) has significantly
more polymerization shrinkage than the
paste, and less strength. Second, there
is a seam between the flowable and the
paste. Third, the finish is not as smooth
astheinjection-molded methodbecause
metal matrices have amuch rougher sur-
face than does the Mylar surface. Fourth,

IVORINE CASE IT EXAMPLES (19.
through 20.) The incremental ap-
proach with a wedge and metal
matrix.

air-thinning the resin drives it past the

margins, leaving a gingival margin that

is not light-cured, and is prone to dis-
solution and an eventual void.

The patient’s case presents a com-
mon dilemma, in which a conservative
occlusal amalgam has been in place for
decades and is accompanied by signifi-
cant incomplete fracturing. Placing a
traditional intracoronal restoration
has not been shown to predictably pro-
tect the tooth from further fracturing.
A porcelain onlay or crown treatment
has been shown to protect against frac-
turing, but for this particular case, that
amount of tooth reduction would have
mutilated an essentially intact tooth.

The modified preparation in this



particular instance provided several
benefits. First, it created a favorable
C-factor to allow injection molding.
Second, the interproximal saucer prep-
aration allowed the composite to engage
a significantly higher portion of the
overall interproximal enamel, which
further enabled the composite to splint
the tooth. Thus, the unique preparation

RESTORATIVE

allows the composite to act as a splint
without having to resort to a crown or
onlay. Ifthe old preparation model had
been followed and the filling was placed
in the tooth, there would not have been
sufficient enamel to splint the tooth. By
redesigning both the occlusal and inter-
proximal preparations, the tooth has
been essentially swept around and a
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RESULTS (21. & 22.) Wide and close-up views of the typical result of incremental loading of a Class Il with a metal matrix: excessive flowable (green) with more polym-
erization shrinkages, a seam between the flowable and the paste, uneven finish, and a gingival margin that is not light-cured, as air-thinning the resin drives it past the
margins. (23. & 24.) Wide and close-up views of the seamless, smooth, and mostly paste composite result of the Bioclear matrix and the injection-molding technigue.

significant portion has been covered
with composite. In essence, the restora-
tion becomes a composite onlay with-
out having to “shoe” the cusps.
Additionally, the combination of a
“callalily”-shaped occlusal preparation
and a flaring Clark Class II interproxi-
mal cavity preparation extends the
preparation to cuspal areas, allowing
for significant coverage of the occlusal
surface. This will give the clinician
confidence that the tooth will be pro-
tected from further fracturing. These
“infinity-edge” or feather-edge margin
preparations on the occlusal surface
of posterior teeth were studied in over
100 teeth followed at 5 to 7 years. The
teeth were studied with SEM and clini-
cal evaluation. The Filtek Supreme
Plus Universal Restorative samples
demonstrated wearing patterns that
were similar to surrounding enamel.
This data gives us confidence in treat-
ments where the composite is used to
cover significant portions of posterior
teeth. Our current perceptions of the in-
adequacies of composite when compared
with porcelain may be unfounded. The
author’s own observation using constant
microscope visualization for treatment
and follow-up is that the true problems
of composite are in inappropriate cavity
designs and archaic filling protocols and
matrices, and not the physical proper-
ties of the top-performing composites.
The paste composites can have such
an outstanding ability to withstand wear,
and studies have shown that a feather-
edge margin on the posterior has ideal
resistance to both wear and fracture.
This technique gives the practitioner
confidence in performing a procedure
that is both minimally invasive and
maximally esthetic, and could poten-
tially service the patient for decades.

Disclosure

Dr. Clark developed the Bioclear sys-
tem and continues to receive financial
compensation for the product. He has
a majority interest in the company.
Injection-molding technique is pat-
ent pending.
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