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Clinical Relevance

Anterior dental restorations often involve difficult and time-consuming procedures. An
improved direct injection technique using a digital workflow in the restoration of anterior
teeth can be an alternative to save clinical time and yield a predictable and esthetic
outcome.

SUMMARY

This article presents a clinical technique based
on a case report for restoring the contours and
shape of the upper teeth involved in the smile
display of a young patient. After planning the
treatment for the patient using digital tools

(Digital pictures, Digital Smile Design, digital
waxup, three-dimensional [3D] printed models,
mockup), the upper teeth were restored using
an improved injection technique. This im-
proved technique involves the direct injection
of flowable composite resin using clear polyvi-
nyl siloxane molds made from 3D-printed mod-
els of the patient. The details and benefits of
this new technique are described in the article.

INTRODUCTION

State-of-the-art oral rehabilitation techniques aim
for both esthetic and functional outcomes. Contem-
porary dental materials, clinical techniques such as
Digital Smile Design (DSD), mockups, and integrat-
ed treatment planning enables the clinician to both
virtually and/or clinically view and assess the
treatment plan beforehand. Nevertheless, the pro-
cess of making direct or indirect final restorations is
still very tedious and time-consuming, demanding
highly specific skills and attention to meticulous
details from the clinician. The traditional process of
placing direct anterior restorations is clinically
demanding to complete, often involving a tedious
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layering process, which limits the ideal indication of
them to only a few restorations at a time.1 Further-
more, traditional direct restorations are not made
using preestablished tooth shapes or contours,
making the procedure operator dependent and less
predictable. When multiple anterior restorations or a
smile change is required, indirect restorations are
preferred by clinicians. However, fabrication of
indirect restorations is often externalized to a dental
technician, which increases delivery time and costs.

A clinician’s preference for composite resin selec-
tion should be based on reported survivability, the
composite resins’ esthetic ability, and adaptability/
handling. Since the 1990s, composite resins have
improved vastly both in optical and mechanical
properties, making them more versatile within their
limitations.1 Moreover, new techniques for applying
composite resins have been introduced, enhancing
their application. Mockups using bis-acryl or inject-
ing flowable composite via transparent matrices
have become more popular for provisionalizing
anterior teeth.2-5

The early 1990s hallmarked the use of composite
resins in dentistry, especially with the advance-
ments in adhesive bonding. The initial composite
resins were usually filled with large quartz particles,
resulting in restorations that were rough and
difficult to polish. With polishability being a major
esthetic concern, newer composite resins emerged in
response to the needs expressed by dental practi-
tioners. Most contemporary composite resins fall into
one of the following categories: hybrid, nano-filled,
microfill, packable, and flowable composite.6 Com-
posite resins obtain their physical properties/han-
dling characteristics from filler particles’ relative
amount, size, and shape. As a general rule, the more
filler content and the smaller the filler particle, the
better. Increasing filler load improves the resistance
to functional wear and enhances physical properties.
Also, composite resins with smaller particles are
inherently more polishable, retain their polish for
longer periods of time, and are more resistant to
wear. Most composite resins have a putty-like
consistency, which is desirable for clinical situations
when packing composite resin into cavities. Howev-
er, there was a need to have a composite resin with
lower viscosity for better proximity with the cavity
walls. For this reason, a new class of ‘‘flowable
composite resins’’ was introduced in late 1996.7

Flowable resin-based composites are conventional
composites with filler loading reduced to 37%-53%
(volume) compared with 50%-70% (volume) for
conventional minifilled hybrid composite resin. This

altered filler loading modifies the viscosity of these
materials. Most manufacturers package flowable
composites in small syringes that allow for easy
dispensing with very-small-gauge needles. This
makes them ideal for use in small preparations or
in situations where it would be difficult to fill
otherwise. However, the main drawback of flowable
composite resins is reduced physical properties and
increased polymerization shrinkage compared with
conventional composite resin attributed to its low
filler content.8

A number of studies were conducted to improve
the mechanical properties of flowable composite
resins by adding nano-filled particles. This addition
improved mechanical properties without affecting
handling characteristics of the composite.9 However,
laboratory abrasion wear tests have produced con-
tradictory results concerning wear resistance,10-12

but the clinical wear resistance of flowable compos-
ites has yet to be determined. Other studies have
concluded that flowable composite resins may have
good polishability but less wear resistance, more
potential to be eroded under acidic conditions, and
more surface roughness over time due to reduced
filler loading.13-15 Therefore, based on the previous
studies and due to the decreased filler content,
reduced physical properties, and poor wear resis-
tance, it is recommended that flowable composites
should only be used in low stress-bearing areas, as
liners or in small cavities.

Recently, newer and improved versions of flowable
composites have been introduced that may extend
their application to be considered in restoring
minimally invasive preparations and tooth discolor-
ations.16-18 No difference in clinical outcomes was
concluded when a nanohybrid composite resin was
compared with a flowable composite in restoring
noncarious cervical lesions during a 24-month
observation period.14 Moreover, when analyzing
surface roughness and wear of recent flowable
composites compared with conventional nanohybrid
composites after toothbrush simulation, similar
results were found between the two types of
composite resins.15,19

Based on these current findings, recent flowable
composites imply promising outcomes for esthetic
applications. However, due to their lower filler
content, they are still considered to be contraindi-
cated for stress-bearing areas. Therefore, it is
ultimately the clinicians’ responsibility to consider
the application of flowable composites in cases where
successful and durable outcomes can be anticipated.
Direct restorations require attention to meticulous
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detail and skills to properly restore a tooth to its
proper shape, function, and esthetics. Handling of
conventional composites in restoring embrasures
and contours can be challenging, and some compos-
ite resins’ adaptability and sculptability can be
complicated. As a result, certain clinical techniques
have been introduced to facilitate the application of
direct restorative material saving time with optimal
esthetic and functional results.

The injection technique using flowable compos-
ite20,21 is an example of a technique that suggests a
quick and simple way to restore contours and shape
of worn-out/defective teeth. After taking an impres-
sion and pouring it with stone, a waxup is made on
the model replicating the desired outcome. An
impression of this waxup is taken with a clear
polyvinyl siloxane (PVS) material. Small access
holes are made facially to the incisal edges of the
teeth to be restored. Etching and bonding is done for
every other tooth while isolating the other teeth with
polytetrafluoroethylene tape. After inserting the
PVS mold and checking its proper fit, flowable
composite is injected through the access holes for
the teeth that have been prepared and photo-
polymerized. This process is repeated for the other
teeth that were isolated, and after removing the
mold, the final restorations are finished and pol-
ished. Because the PVS mold replicates the complete
waxup, the space between the mold and the natural
tooth is inevitable, and injecting the flowable
composite into one tooth space can cause the
flowable composite to leak into this space and
polymerize on the adjacent tooth. This can be
difficult to clean and reshaping the teeth time-
consuming, diminishing the very purpose of this
technique: saving time with a favorable result.

A more accurate approach based on the injection
technique is proposed by making a waxup on the cast
of every other tooth, then taking an impression with
the clear PVS. This will be the first mold. Then the
waxup is completed for the other teeth, and a second
PVS mold is made for the full waxup of the teeth.
After isolation, etching, and bonding as previously
described, the first PVS mold is secured in the
patients’ mouth. There should be a tight seal
between the waxed and unwaxed teeth to seize the
flowable composite from flowing into the embrasures
and onto the adjacent teeth, accurately polymerizing
the flowable composite into the confined space of the
first waxup. The second PVS mold is placed, and the
process is repeated. Accuracy and finishing time
should be advantageous with this approach vs the
conventional injection technique. However, it may be

challenging to achieve symmetry, shape, and con-
touring of the teeth. Clinicians and technicians need
to consider that it is very difficult to make two
identical manual waxups, especially considering
that one of them will have waxed every second
tooth. Therefore, a digital workflow version of this
procedure is introduced in the following clinical case,
which can solve the drawbacks mentioned previous-
ly.

Computer-aided design and computer-aided man-
ufacturing (CAD/CAM) technologies applied to den-
tistry have given the clinician a vast diversity of
tools to handle clinical scenarios. Restorative den-
tistry is one of the fields that has benefited the most.
The accuracy and consistency of intraoral scanners
and milling units have allowed CAD/CAM restora-
tions to be more predictable and durable. The CAD
phase offers the clinician the ability to simulate the
outcome without even changing a tooth intraorally.
Based on an intraoral scan, a digital waxup can be
made. Using the ‘‘adding tool’’ of the design software,
the volume and shape of a tooth can be changed
gradually on the screen and even corrected as many
times as needed. Every step in the process can be
reversible and modified as a single shape, making a
digital waxup both versatile and retrievable. If a
‘‘digitally waxed’’ tooth is not looking according to the
expectations, that tooth can be erased, and the
process can start again from scratch. After the
digital waxup is finished, each tooth can remain as
a single shape as well. This means that each digitally
waxed tooth can be later modified or visualized
individually. This feature presents an incomparable
advantage over traditional waxing techniques,
where the waxed models are delicate and irrevers-
ible. Another advantage is that the digital workflow
allows three-dimensional (3D) printing of the mod-
els, which is not only easy and inexpensive but also
more durable. This sequential digital workflow is
crucial to assure proper shape and ease the clinical
procedures as described in the following case report.

CLINICAL CASE REPORT

A 28-year-old female patient presented for a screen-
ing appointment with concerns about spacing and
malaligned and discolored teeth. Tooth #7 was
slightly retruded with a lower gingival zenith,
lateral incisors were smaller in proportion to central
incisors, tooth #10 had a mesial and distal diastema,
and the tooth shade of the maxillary teeth was
unequal in chroma. She was also dissatisfied with
her smile display, complaining about having an
uneven gingival line (Figure 1). To begin the
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documentation of the findings, the DSD photograph-
ic protocol22 was used, consisting of frontal portrait
pictures with and without lip retraction; profile
pictures in resting position and full smile; 12-hour
picture (picture is taken from the back of the patient,
angled from the overhead toward the anterior
portion of the chin, focusing on the anterior
maxillary flare of the incisors; and occlusal picture
(in this case, the digital scan of the model; Figure 2).

A new smile proposition was simulated digitally
with the DSD application, which provided the
clinician and the patient with a helpful insight of
treatment possibilities (Figure 3). Subsequently, the
3D design was created with the NEMO Smile design
3D software (Nemotec Company, Madrid, Spain) and
overlapped with the patient’s smile (Figure 4). From
this simulated mockup, a 3D-printed model was
created, and a PVS impression was made as a mold.
A traditional additive mockup was made with a bis-
acryl temporary material to visualize how the
digitally designed teeth appear in the patients’
mouth and determine whether the patients’ expec-
tations were met (Figure 5). Another aim of this
mockup was to check if the occlusal function was
kept with the proposed design. The goals were to
provide protrusive guidance with all incisors partic-
ipating in it and to keep canine guidance as lateral
excursion pattern toward both sides.

Subsequently, after the occlusion was checked and
the viability of the design confirmed, the digital scan
of the model and the digital waxup were overlapped
revealing tooth shape, alignment, and contours
(Figure 6). After the final design was approved, a
surgical stent for guiding the gingivectomy proce-
dure was fabricated (Figures 6 and 7) The anticipat-
ed outcome of gingival zenith height, alignment, and
contour were achieved (Figure 8). After four months
of soft tissue healing, the teeth were bleached
(Figure 9). Two models were 3D printed: the first
was based on a waxup of every other tooth, and the
second model was based on the complete waxup. As
previously mentioned, this first design can be
achieved using the design software by activating or
deactivating the superimposed tooth with the digital
waxup, because each tooth is an individual over-
lapped image (Figure 10). A translucent custom tray
was used with a clear PVS impression material to
take an impression of the models and then placed in
a 1.5-bar pressure pot. This process ensured the
optimum fit, accuracy of surface details, and con-
tours (Figure 11). Access holes the size of the
flowable composite tip were made through the tray
and impression material slightly facial to the incisal

Figure 1. Pre-operative portrait picture of the patient.

Figure 2. DSD photographic protocol of the patient and occlusal scan
of upper model.

Figure 3. Digital 2D simulation of the new smile with proposed tooth
shape.

Figure 4. Digital 3D wax-up design on the digital model and
overlapped in the portrait picture of the patient.
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edge of each tooth that was to be restored (Figures 12
and 13). Isolation of every other tooth that was not
included in the first waxup design was achieved with
polytetrafluoroethylene tape due to its minimal
thickness, it would not interfere with the seating of
the clear PVS mold. However, care was taken when
placing the tape around the teeth, because it folds
very easily and can leave undesired wrinkles in the
contour of the restored teeth. The teeth to be
restored were etched with 38% phosphoric acid and
rinsed, and the adhesive was applied according to
manufacturer’s instructions (Adhese Universal, Ivo-
clar Vivadent, Schaan, Liechtenstein) (Figure 14).
The first mold was placed and checked for proper fit.
The flowable composite (Tetric Evoflow Bleach L,
Ivoclar Vivadent) was injected through the holes
filling the entire facial surface, followed by photopo-
lymerization using a Bluephase G2 device (Ivoclar
Vivadent) (Figures 15 and 16) with an output of 1200
mW/cm2. Considering the thickness of the tray and
the PVS material, it was favorable to double the
polymerization time recommended by the manufac-
turer to ensure sufficient delivery of energy to
achieve optimal polymerization.23,24 Other authors
even suggest applying three times the recommended
curing time when the distance between the compos-
ite resin and the light tip is more than 4 mm, because
of LED design and light scattering.25

After light polymerization of the first set of teeth,
finishing and polishing were performed. Finalizing
contours and embrasures were completed with a #12
blade. Finishing and polishing were achieved with
finishing burs, rubber cups, Sof-Lex discs (3M ESPE,
St Paul, MN, USA), and polishing wheels and pastes
(Figure 19). Subsequently, the second mold of the full
waxup design was placed, and the same procedure
was repeated for the remaining teeth (Figures 17 and
18). In this case, no changes in the occlusion were
made. Protrusive, lateral movements, and occlusal
contacts in maximum intercuspation remained intact.
The final portrait pictures can be seen in Figure 20.

The improved version of the injection technique
presented in this case report depicts a real treatment
option, especially for patients that cannot afford
traditional full-mouth indirect restorations and are
seeking esthetic improvements. However, careful
treatment planning and occlusal considerations have
to be taken into account to assure good prognosis and
long-term success of the restorations. The use of a
flowable composite will make these restorations last
for a couple of years and will make them more prone to
degradation than traditional composites. The longev-
ity of the treatment needs to be addressed with the

Figure 5. Traditional additive mock-up on the patient based on a 3D
printed model of the digital wax-up.

Figure 6. Estimated measurements planned for the gingivectomy
procedure.

Figure 7. Occlusal view of the ideal mock-up design, which led to the
fabrication of a surgical stent.

Figure 8. Clinical picture after the gingivectomy was completed.
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Figure 9. Portrait picture after whitening of teeth and gingivectomy
were performed.

Figure 10. First digital wax-up and 3D printed model created with the
software after the deactivation of every other tooth from the complete
wax-up.

Figure 11. Fabrication process of the first transparent silicone key.

Figure 12. Detail of the partial digital wax-up, 3D printed model and
first silicone key fabricated.

Figure 13. Detail of the complete digital wax-up, 3D printed model and
second silicone key fabricated.

Figure 14. Etching and bonding procedures for the first set of teeth to
be restored.

Figure 15. Injection of flowable composite resin for the restoration of
the first set of teeth through the first silicone key.

Figure 16. Photopolymerization of the composite resin through the
silicone key.
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patient, informing them about its semipermanent
characteristics. This technique, unlike restoring ante-
rior teeth directly and manually, might be more cost-
effective and does not require high-end clinical skills,
making it more predictable and affordable. The digital
workflow, however, has a learning curve and requires
state-of-the-art hardware/software. It will appear
daunting at the beginning, but after the workflow is
assimilated by the working team, it might become
more convenient to complete a treatment plan than a
traditional approach. Similar digital attempts in the
field of prosthodontics have been proven to be more

cost-effective than the traditional approach.26 The
authors of this paper believe that scientific research
should focus more on identifying which clinical
situations can get the greatest benefits from applying
a digital workflow and that esthetic dentistry might be
one of them. This technique also allows for treating
patients that need additive restorations without the
necessity of preparing the teeth. In fact, a final
intraoral impression or scan can be taken to save it
for future purposes like converting those shapes to a
more durable composite resin or to deliver indirect
veneers/crowns. This technique can also be used for
subtractive or additive/subtractive (mixed) restora-
tions, but a preparation needs to be performed prior to
the waxup and the delivery of the restorations. In

Figure 17. Clinical picture after the first set of teeth are restored,
finished and polished.

Figure 18. Injection of flowable composite resin for the restoration of
the second set of teeth through the second silicone key.

Figure 19. Detail of the texture created after finishing and polishing of
the restored teeth.

Figure 20. Set of portrait pictures of the patient from the pre-operative
view to the final post-operative view.

Figure 21. Informal portrait pictures showing the final outcome.
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summary, when applying this technique, patients
may receive a predictable result with reduced cost,
effort, and time and acceptable durability and viability
for future treatments.

Regulatory Statement

This study was conducted in accordance with all the
provisions of the local human subjects oversight committee
guidelines and policies of the University of North Carolina at
Chapel Hill.

Conflict of Interest

CC is the current CEO of DSD Company (Sao Paulo, Brazil).
LDA is the head of DSD Education of Nemotec Company
(Madrid, Spain).

(Accepted 28 August 2019)

REFERENCES

1. Baroudi K & Rodrigues JC (2015) Flowable resin
composites: a systematic review and clinical consider-
ations Journal of Clinical and Diagnostic Research Jun;
9(6) ZE18-ZE24.

2. Gouveia THN, Theobaldo JD, Vieira-Junior WF, Lima
DANL, & Aguiar FHB (2017) Esthetic smile rehabilita-
tion of anterior teeth by treatment with biomimetic
restorative materials: a case report Clinical, Cosmetic
and Investigational Dentistry 11(9) 27-31.

3. Sancho-Puchades MM (2015) Advanced smile diagnostics
using CAD/CAM mock-ups International Journal of
Esthetic Dentistry 10(3) 374-391.

4. Magne PP (2015) A new approach to the learning of dental
morphology, function, and esthetics: the ‘‘2D-3D-4D’’ con-
cept International Journal of Esthetic Dentistry 10(1) 32.

5. Gurrea JJ (2014) Wax-up and mock-up. A guide for
anterior periodontal and restorative treatments Interna-
tional Journal of Esthetic Dentistry 9(2) 146.

6. Burgess JO, Walker R, & Davidson JM (2002) Posterior
resin-based composite: a review of the literature Pediatric
Dentistry Sep-Oct; 24(5) 465-479.

7. Garcı́a AH, Lozano MAM, Vila JC, Escribano AB, & Fos
Galve P (2006) Composite resins. A review of the
materials and clinical indications Medicina Oral Patolo-
gia Oral y Cirugia Bucal 11(2) E215-E220.

8. Unterbrink GL & Lienbenberg WH (1999) Flowable resin
composites as ‘‘filled adhesives’’: literature review and
clinical recommendations Quintessence International
30(4) 249-257.

9. Balos S, Pili B, Petronijevi B, Markovi D, Mirkovi S, &
Sarev I (2013) Improving mechanical properties of
flowable dental composite resin by adding silica nanopar-
ticles. Vojnosanitetski Pregled 70(5) 477-483.

10. Dang H & Sarrett D (1999) Wear behaviour of flowable
and condensable composite resins Journal of Dental
Research 78(Spec Issue) 447.

11. Salerno M, Derchi G, Thorat S, Ceseracciu L, Ruffilli R, &
Barone AC (2011) Surface morphology and mechanical

properties of new-generation flowable resin composites
for dental restoration Dental Materials 27(12) 1221-1228.

12. Garcia FCP, Wang L, D’Alpino PHP, de Souza JB, de
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