
19

*Graduate student, Department of Operative Dentistry, Endodontics and Dental Materials, Bauru School of
Dentistry, University of São Paulo, Brazil
†Senior researcher, National Institute for Space Research—INPE, São José dos Campos, São Paulo, Brazil
‡Professor of operative dentistry, Department of Operative Dentistry, Endodontics and Dental Materials,
Bauru School of Dentistry, University of São Paulo, Brazil

The Use of CVD Diamond Burs for Ultraconservative
Cavity Preparations: A Report of Two Cases

CARLOS AUGUSTO R.  CARVALHO, DDS*

TICIANE C.  FAGUNDES, DDS,  MSC*

TEREZINHA J .  E.  BARATA, DDS,  MSC*

VLADIMIR JESUS TRAVA-AIROLDI,  PHD†

MARIA FIDELA L.  NAVARRO, DDS,  PHD‡

ABSTRACT
During the past decades, scientific developments in cutting instruments have changed the conven-
tional techniques used to remove caries lesions. Ultrasound emerged as an alternative for caries
removal since the 1950s. However, the conventional technology for diamond powder aggrega-
tion with nickel metallic binders could not withstand ultrasonic power. Around 5 years ago, an
alternative approach using chemical vapor deposition (CVD) resulted in synthetic diamond tech-
nology. CVD diamond burs are obtained with high adherence of the diamond as a unique stone
on the metallic surface with excellent abrading performance. This technology allows for diamond
deposition with coalescent granulation in different formats of substrates. When connected to an
ultrasonic handpiece, CVD diamond burs become an option for cavity preparation, maximizing
preservation of tooth structure. Potential advantages such as reduced noise, minimal damage to
the gingival tissue, extended bur durability, improved proximal cavity access, reduced risk of 
hitting the adjacent tooth resulting from the high inclination angles, and minimal patient’s risk of
metal contamination. These innovative instruments also potentially eliminate some problems
regarding decreased cutting efficiency of conventional diamond burs.

CLINICAL SIGNIFICANCE
This clinical report presents the benefits of using CVD diamond burs coupled with an ultrasonic
handpiece in the treatment of incipient caries. CVD diamond burs coupled with an ultrasonic
device offer a promising alternative for removal of carious lesions when ultraconservative cavity
preparations are required. Additionally, this system provides a less-painful technique for caries
removal, with minimal noise.

(J Esthet Restor Dent 19:19–29, 2007)

I N T R O D U C T I O N

Processed diamonds are one of
the most technologically

advanced materials available today.
They have a unique combination of

excellent physical and chemical
properties. Therefore, diamonds of
this type are promising materials
for numerous applications. For
example, diamond films are of

interest for many biological appli-
cations because of their high hard-
ness, low friction coefficient, high
wear resistance, chemical inertness,
and biological compatibility.1,2
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The ability to prevent the occur-
rence of dental caries and to restore
carious teeth through remineraliza-
tion should relegate tooth restora-
tions involving the cutting of teeth
as the last option in the quest to
preserve healthy dentition. When
the cutting of a tooth to remove
carious lesions is necessary, there is
growing evidence that tooth prepa-
ration should be just large enough
to allow caries removal for long-
term preservation of the tooth
restoration unit.3–7

Conventional diamond burs, dating
from the 1950s, have some inherent
limitations resulting from the man-
ner in which they are made; by
plating diamond particles on stain-
less steel shanks using a galvanic
process. One of the main problems
associated with diamond burs is
their short lifetime resulting from
their repeated sterilization. This
causes a decrease in their cutting
effectiveness by affecting the matrix
that binds diamond particles to the
shank.8,9

Additionally, the use of diamond
burs coupled with conventional
handpieces represents an unpleas-
ant and painful procedure for the
patient. Noise and mechanical
vibrations in such cases cause great
discomfort for patients.

Furthermore, it is hard to solely
remove small proximal caries
lesions because of the reduced 

inclination angles of rotary instru-
ments, which results in cavities
larger than necessary. This limita-
tion is contrary to the good of mini-
mal intervention during caries
removal.3,5–7 Hence, new durable
instruments are being developed in
an attempt to achieve painless tech-
niques to remove carious lesions,
with minimal removal of tooth
structure.

In light of the current trend toward
minimally invasive dentistry, many
cavity preparation techniques have
been introduced as alternatives to
common bur instrumentation.4,10–16

Some advances, such as the use of
laser, sonic devices, and air abra-
sion, have occurred.4,10–16 Never-
theless, experiences with lasers and
air abrasion have shown that these
alternatives impose difficulties in
preparing well-defined cavities.13

To date, two potential alternatives
for caries removal obtained from
diamond powder aggregated on a
metal surface are available. The
first is the sonic system, which com-
prises an aggregated diamond pow-
der oscillating instrument used for
cutting and finishing proximal
microcavities.14–16 The second is the
Two Striper brand (Premier Prod-
ucts Co., Philadelphia, PA, USA) of
dental instruments, in which dia-
mond powder crystals are perma-
nently bonded to a hardened
stainless steel shank. According to
the manufacturer, this patented

process yields long-lasting instru-
ments with a more precise cut than
other diamond instruments.

Around 20 years ago, chemical
vapor deposition (CVD) of dia-
monds became a reality. In 1996,
the CVD diamond burs (CVDentus,
Clorovale Diamantes Ind. e Com.
Ltda, São José dos Campos, São
Paulo, Brazil) coupled with an
ultrasonic handpiece were intro-
duced in dentistry to eliminate
some problems related to tradi-
tional diamond burs.1

The CVD technology is a process
for obtaining coalescent diamond
films in grinding layers. This
method contributes to a very high
adherence between the diamond
film and the metal surface, induced
by a chemical bond instead of a
physically bonded diamond pow-
der. Because of the inherent rough-
ness of the sharp-edged and
polycrystalline diamond layers,
these tools are well suited for tooth
grinding.1

The new CVD diamond burs were
obtained by a CVD of a diamond
film over a molybdenum substrate.
Diamond films were synthesized
inside an enhanced hot-filament-
assisted reactor. This manufacturing
process, and the adaptation to an
ultrasonic handpiece, provide some
potential advantages: minimal
noise, no damage to the gingival tis-
sue, extended bur durability, and
the preservation of the healthy
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tooth structure.1,2,17 However, 
further laboratory and clinical 
studies are required to support
these potential advantages.

It is worth mentioning that the
CVD diamond burs present uni-
directional oscillating movement
with maximal displacement ranging
from 50 to 60 µm, at oscillating fre-
quencies ranging from 25,000 to
32,000Hz. Therefore, while CVD
diamond burs coupled with ultra-
sound require only a slight touch to
promote tooth grinding, conven-
tional rotating technique promotes
greater tooth grinding.

The aim of this paper was to present
two cases of caries removal using
the CVD diamond burs technique.

C A S E  R E P O R T S

Case #1
A 32-year-old Caucasian male pre-
sented to the Clinic of Operative
Dentistry at the Bauru School of
Dentistry, University of São Paulo,
Brazil, for routine treatment. He
complained of pain resulting from
the presence of a proximal caries
lesion in the right maxillary central
incisor (Figure 1). A treatment plan
for caries removal and tooth
restoration was established 
after clinical and radiographic 
evaluations.

After prophylaxis and protection of
the adjacent tooth with a metal
band, a water/air spray was applied
toward the lesion. The decayed
tooth was then separated from the

adjacent tooth by using an “Elliot”
separator device (Figure 2). CVD
diamond burs coupled with an
ultrasonic handpiece were used to
remove the carious lesion (Figures 3
and 4). Minimal noise, as compared
with the conventional technique,
was encountered during caries
removal.

The enamel and dentin were etched
with Vitremer primer (3M-ESPE,
St. Paul, MN, USA) and no rinse
was performed (Figure 5). The ade-
quate control of humidity after
primer etching is extremely impor-
tant, thus total desiccation of
dentin should be avoided.

The resin-modified glass ionomer
cement was indicated because the

Figure 1. Presence of a proximal caries lesion in the maxil-
lary right central incisor. The minimal invasive technique
was indicated.

Figure 2. Aspect of the stabilized rubber dam. The field
was adequate to the restoration placement. The separation
from the adjacent tooth was performed with the “Elliot”
separator device.
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patient was a high caries-active
individual. In addition, the proper-
ties of this restorative material
make it useful for the restoration of
carious lesions in low-stress areas
such as smooth surfaces and small
anterior proximal cavities.18,19

Glass ionomer cement was injected
with a Centrix syringe (Centrix
Inc., Shelton, CT, USA) (Figure 6).
After being placed, the glass
ionomer cement was covered with a
single celluloid strip, and held over,
compressed with the aid of a 

spatula (Figure 7). Finally, the
material was photocured (Figure 8).

One week later, the excess material
was trimmed with flexible discs and
sandpaper strips (Figure 9). It is
extremely important to protect the

Figure 3. After prophylaxis and protection of the adjacent
tooth with a metal band, the preparation was performed
under a water/air spray. This procedure was performed
without local anesthetic infiltration.

Figure 4. After the complete removal of the decayed tissue,
the cavity’s aspect could be observed. Note the quality and
the precision of the borders. Such cutting precision was
achieved because of the adequate control of the power to
activate the ultrasound.

Figure 5. After protection of the adjacent tooth with a cel-
luloid strip, the primer was applied for 30 seconds and then
photocured.

Figure 6. The cavity was filled with a glass ionomer cement
type II (Vitremer, 3M-ESPE, St. Paul, MN, USA) using a
Centrix syringe (Centrix Inc., Shelton, CT, USA).
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Figure 7. After placement of the glass ionomer cement, it
was covered with a celluloid strip and subsequently held
over, compressed with the aid of a spatula.

Figure 8. The restorative material was photocured for 45
seconds.

surface with a layer of petroleum
jelly to prevent the loss or gain of
water. Additional varnish to protect
the restoration was applied (Figure
10). Despite its opacity, the glass
ionomer cement provided an 
excellent esthetic outcome 
(Figure 11).

Case #2
A 20-year-old Caucasian male pre-
sented to the Clinic of Operative
Dentistry at the Bauru School of
Dentistry, University of São Paulo,
Brazil, for routine treatment. The
patient reported pain when drink-
ing cold liquids. This symptom
ceased with the end of the 
stimulus. Clinical and radiographic
examination showed incipient
caries on the occlusal surface of 
the right mandibular first molar
(Figure 12).

The treatment was carried out
without local anesthesia. The 

operating field was isolated with a
rubber dam, and prophylaxis was
performed.

Carious tissue was removed using a
CVD diamond bur coupled with an
ultrasonic device, which is usually
found in dental offices and used for
calculus removal (Figure 13).

Access to the carious tissue also
was facilitated owing to the shape
of the bur. Water/air spray was sys-
tematically used. An ultraconserva-
tive cavity preparation with
well-defined borders was obtained
(Figure 14).

The enamel and dentin were etched
with 37% phosphoric acid and
rinsed with water for 15 seconds.
The adhesive system (Single-Bond,
3M-ESPE) was applied in two lay-
ers with a microbrush. A resin com-
posite (Z 250, shade A2, 3M-ESPE)
was inserted in two small oblique

increments, which were light-cured
for 40 seconds each (Figure 15).
The rubber dam was then removed.
When the occlusion was checked,
little excess needed to be trimmed.
The final restoration presented a
satisfactory appearance (Figure 
16).

D I S C U S S I O N

CVD technology has two main
potential advantages: it allows
more precise cavity preparations
and it reduces the patient’s discom-
fort normally generated from
mechanical vibrations produced by
conventional drilling during tooth
preparation.

Preservation of tooth structures
during caries removal requires the
development of skills to allow the
preparation of minimally invasive
cavity designs.5 The CVD diamond
burs promote more precise cavity
preparations, resulting in more 
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Figure 9. The polishing procedure was performed with diamond strips and disks, following the order of the grit scale.
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Figure 10. The restoration was protected with varnish in
order to prevent early gain and loss of water.

Figure 11. Frontal view of the final aspect of the restora-
tion after rubber dam removal.

Figure 12. Preoperative view of the right mandibular first
molar with occlusal caries lesion.

Figure 13. The cavity preparation was performed under a
water/air spray using a CVD diamond bur coupled with an
ultrasonic device.

Figure 14. The finished aspect of the cavity preparation. Figure 15. The final esthetic aspect of the restoration.
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conservation of sound tooth struc-
ture. This technology has already
proven itself in the manufacture of
ultraprecision instruments,
microsystem technology, and optic
lenses.2,20 The preservation of
healthy tooth structure using mini-
mally invasive cavity designs is now
one of the primary goals of modern
operative dentistry.3–7

Cavity preparation with CVD dia-
mond burs coupled with the ultra-
sound device differs from that
obtained with the conventional
technique using diamond burs. The
use of CVD diamond burs requires
a thorough knowledge of the
instrument. It must be handled with
light hand pressure, just enough to
guide the instrument. If too much
load pressure is applied, the cutting
effectiveness is reduced and pain,
noise, and heat will be generated. In
addition, the power required for the
ultrasound device is different for

each type of CVD diamond bur and
clinical procedure.

In both cases presented here, the
patients did not complain of pain
during cavity preparation with
CVD diamond burs. In the same
way, a pediatric case report docu-
mented that a 2-year-old patient did
not complain of pain during cavity
preparation.21 The different move-
ments of these burs compared with
the conventional ones might
explain this clinical observation.

The ultrasound-coupled CVD dia-
mond burs present additional
potential advantages, such as the
capability of working at high incli-
nation angles, resulting in safer
proximal finishing with less chance
of hitting the adjacent tooth. As a
consequence, the CVD diamond
burs system can be positioned very
accurately, even at sites that are
usually not accessible to the 

handpiece of conventional rotary 
instruments.

The CVD system does not lose
superficial diamond during cutting,
consequently extending the lifetime
of the instrument.1,22 Valera and
colleagues,22 using abrading and
perforation tests on hard materials,
concluded that the CVD diamond
burs presented superior perfor-
mance compared with the conven-
tional ones. This feature
significantly decreases the patient’s
risk of metal contamination. The
evident biocompatibility, along with
the corrosion resistance and notable
mechanical integrity of the CVD
diamond, suggest that diamond-
coated surfaces may be highly desir-
able in a number of biomedical
applications.23

The problems related to the steril-
ization of conventional burs appear
to be related to the presence of the
metallic binder between diamond
particles.17 Consequently, the CVD
diamond burs, with their unique
full diamond-coating structure and
manufacturing methods, offer
promising perspectives with regard
to sterilization methods as a result
of the high minimization of damage
to the binder.24

It is well recognized that the grind-
ing efficiency of conventional dia-
mond burs deteriorates with
repeated use.25 Replacement of
such instruments is necessary

Figure 16. Postoperative occlusal view of the final restora-
tion after rubber dam removal.
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because of the wear of their tips
where the diamond grains wear off
faster than on the rest of the
bur.17,25 The diamond particles are
frequently sheared off, causing the
premature wear of the bur, which
results in the smearing of the metal-
lic binder onto the patient’s
teeth.17,25

Nowadays, as a result of the
advances in the field of CVD 
technology, good-quality 
polycrystalline diamond films can
be deposited, which display good
adhesion. Most of the work per-
formed with CVD technology has
been carried out on flat silicon 
substrates, with only a few articles
on nonplanar substrates, such as
dental burs.1,26,27 Sein and col-
leagues28 demonstrated that dia-
mond films were successfully
deposited on an etched and abraded
cemented tungsten carbide (nonpla-
nar) substrate by using a modified
CVD process.

Future work will concentrate on
diamond growth optimization stud-
ies and on the performances of dia-
mond dental tools such as burs and
drills.28,29 To date, there are no
well-controlled or evidence-based
clinical trials of CVD diamond
burs. Consequently, it is always
important to point out that new
products should be carefully 
introduced to the clinical 
practice and used in a conservative
manner.30

C O N C L U S I O N

Based on the two clinical reports
presented here, the CVD diamond
burs promoted ultraconservative
cavity preparations and satisfactory
clinical outcomes.
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