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Influence of rotary diamond and ultrasonic tips
on bond strength of composite cingulum rest
seats over dentin
Influência de pontas diamantada e ultrassônica na resistência
de união de descanso para apoio de cíngulo em resina
composta sobre dentina
Abstract
Purpose: To evaluate the influence of using either ultrasonic CVD (Chemical Vapor Deposition)
or conventional rotary diamond tips on the adhesive strength of cingulum rest seats made of
composite resin over bovine dentin.
Methods: Twenty specimens were produced for each experimental group. For specimens
in Group 1, the dentin was exposed with a rotary diamond tip; in Group 2 this procedure
was performed using an ultrasonic CVD diamond tip. In both groups a two-step self-etching
adhesive system was used, and the shape and size of the rest seats made of composite resin
were standardized. The specimens were subjected to a shear assay using a universal testing
machine at a crosshead speed of 0.5 mm/min. Data were analyzed by Student’s t-test at the
significance level of 0.05.
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Results: There was a statistically significant difference (P=0.028) between the means of the
experimental groups: 24 kgf for Group 1 and 31 kgf for Group 2.
Conclusion: Dental preparation with dentin exposure in the cingulum region by using ultrasonic
CVD diamond tip showed the highest bond strength of self-etching adhesive system and
composite rest seats for support of removable partial dentures.
Key words: Removable partial prosthesis; composite rest seat

Resumo
Objetivo: Avaliar a influência do uso de pontas ultra-sônica em diamante CVD e de pontas
rotatórias convencionais na força adesiva do descanso para apoio de cíngulo em resina
composta, confeccionadas sobre dentina de dente bovino.
Metodologia: Foram confeccionados 20 espécimes para cada grupo experimental. A exposição
dentinária foi realizada com a ponta diamantada rotatória nos espécimes do Grupo 1 e com
ponta diamantada CVD no Grupo 2. Em ambos os grupos foi utilizado um sistema adesivo
autocondicionante de dois passos. A forma e o tamanho do descanso em resina composta
foram padronizados com uma matriz de acetato. Os espécimes foram submetidos ao ensaio
de cizalhamento em máquina de teste universal com velocidade constante de 0,5 mm/min.
Os dados foram analisados por teste t de Student ao nível de significância de 0,05.
Resultados: O teste t-Student demonstrou diferença estatisticamente significante entre os grupos
(P=0,028), com médias de 24 kgf para o grupo 1 e 31 kgf para o grupo 2.
Conclusão: O preparo dental com exposição de dentina em região de cíngulo com ponta
ultra-sônica CVD promoveu maior resistência de união do sistema adesivo autocondicionante
com o descanso para apoio de cíngulo em resina composta para uso em prótese parcial
removível.
Palavras-chave: Prótese parcial removível; descanso em resina
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Introduction
The rest seats for a removable partial prosthesis
are produced by using tips that wear down the enamel.
However, in the cingulum region of the mandibular anterior
teeth, this procedure may be risky due to possible dentin
exposure leading to pain, sensitivity, decalcification and
fracture (1-3). Nevertheless, these rest seats in the cingulum
are important for the successful functioning of removable
partial prostheses, and they present biomechanical and
aesthetic advantages over incisal rest seats. Locating
the rest seat in the cingulum of the anterior teeth, closer
to the axis of rotation of the supporting teeth, decreases
the strength lever in relation to the resistance lever and
transmit the axial forces more efficiently. In addition, this
method does not compromise the aesthetics of the tooth,
as the cingulum rest seats usually cannot be seen in the
buccal region. On the other hand, the incisal rest seats
often compromise the dental aesthetics as they invade the
buccal region and are positioned along the axis of dental
rotation (4-6).
An alternative clinical procedure to combine the aesthetics
and biomechanics advantages of the rest seats located in the
anterior teeth is to add photopolymerized composite resin to
the cingulum. This method usually preserves dental tissue,
is aesthetically pleasing, is affordable, is easy to handle,
and decreases clinical time. Its main disadvantage is the
possibility of fracturing the composite resin, but this is easy
to repair clinically (7).
In case of a possible dentin exposure with direct
preparation, the technique of producing a composite resin
bridge can be used to occlude the dental tubules. The
objective of this study was to evaluate the influence of
using ultrasonic CVD diamond tips and conventional rotary
diamond tips on the bond strength of the composite resin rest
seats prepared over the cingulum dentin.

Methodology
Twenty specimens of bovine mandibular incisors were
prepared for each of the two experimental groups. In group
1, dentin exposure at the cingulum region was performed
by using a conventional 2214 rotating tip (KG Sorensen,
São Paulo, SP, Brazil); in group 2, the same procedure
was accomplished by using an ultrasonic CVD diamond
silver C1 series tip (CVDentus® CVD Vale, São Jose dos
Campos, SP, Brazil), attached to CVDent1000 Ultrasound
equipment (CVDentus® CVD Vale, São Jose dos Campos,
SP, Brazil) set at level 3. Two CVD tips were used for 10
preparations each, and 4 diamond tips were used for 5
preparations each. We followed the methodology of Moreira
Junior (8).
The tips were positioned parallel to the cingulum of
the tooth, forming a quadrilateral plane of approximately
6.0x6.0 mm of dentin without retention of enamel on the
edges. To standardize the inclination of the teeth, a matrix
in the shape of an oblong triangle was prepared using
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self-polymerized resin (Vipi Produtos Odontológicos,
Pirassununga, SP, Brazil; Lot: 76604) at 19°, 71°, and 90°
angles. This triangle was created as an alignment tool to
standardize the inclination at 19° for the bovine teeth during
setting in PVC tubes (Tigre S/A, Joinville, SC, Brazil) in a
plaster casting stone (Vigodent SA Indústria e Comércio,
Rio de Janeiro, RJ, Brazil), with the triangle connected
to the mandrel of alignment tool (Bioart Equipamentos
Odontológicos, São Carlos, SP, Brazil) through its metal
rod. The tooth was fixed with cyanoacrylate adhesive
(Superbond, Henkel Ltda, São Paulo, SP, Brazil) at an
angle of 71° to form a 19° angle in relation to the long
axis (Fig. 1).
The crown of a bovine tooth was used to prepare a matrix
to standardize the volume and shape of the rest seat in the
cingulum region. A photopolymerized composite resin, Z350
color A3 (3M ESPE Dental Products, St. Paul, MN, USA;
Lot: 8PU), was packed with the incremental technique. The
simulated composite resin restoration had the shape of an
inverted “V” with the dimensions of 4.0 mm in the mesialdistal direction, 4.0 in the incisor-cervical direction, and
2.0 mm in the buccal-lingual direction. Transparent acetate
matrices were produced using a Denplast crown laminator
(Equipamentos Odontológicos Den-Prov, São José do
Rio Preto, SP, Brazil) to duplicate the matrix shape and
volume.
For the specimens in Group 1, dental preparation was
performed using a 2214 diamond tip, with incisor-cervical
movements parallel to the tooth (Fig. 2), to obtain a flat
plane of 6.0x6.0 mm exposed dentin, with no retentive
edges. Specimens in Group 2 were prepared using the
ultrasonic CVD diamond plated C1 Series tip regulated by
the ultrasound equipment at level 3 with incisor-cervical
movements parallel to the tooth (Fig. 3).
Clearfill SE Bond self-etching adhesive (Kuraray
America Inc., New York, NY, USA; Lot: Primer 00788A,
Bond 01144A) was applied to the bonding surface of all
specimens. The initial primer layer was applied for 20 s and
then gently air-dried for 2 s. The bonding agent was applied
and photopolymerized (Ultraled, Dabi Atlante, Ribeirão
Preto, SP, Brazil) for 10 s. The Z350 composite resin
was inserted in the central region of the dentin cingulum
preparation, with the aid of the matrix, and polymerized
for 60 s.
The specimens were stored in distilled water at 37 °C
for 3 days before being subjected to a mechanical shear
assay using a universal testing machine (Kratos, São
Paulo, SP, Brazil) at a crosshead speed of 0.5 mm/min.
The tip of the force applicator was positioned at the
resin/dentin interface in the incisor-cervical direction
(Fig. 4). The values of maximum tensile force for the
compression were obtained automatically by using the
universal testing machine software, and the numbers
were transformed from Newtons into kilogram-force
(1 kgf=9.8066 N). The parametric Student’s t-test was
used for data analysis at the significance level established
at α= 0.05.
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Fig. 2. Preparation of the cingulum region with a rotary diamond tip.

Fig. 1. Setting of a bovine tooth with the help of matrix lined
with standardized angles.

Fig. 3. Preparation of the cingulum region with a CVD tip.

Fig. 4. Mechanical shear assay using a universal testing machine.
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Results
The descriptive statistics of both groups are depicted
in Table 1. The Student’s t-test showed that the mean bond
strength value of Group 2 (CVD tip) was significantly
higher than the mean value of Group 1 (rotary diamond tip)
(P=0.028).
Table 1. Descriptive statistics of Groups 1 and 2 (n=20 per group)
in relation to the maximum bond strength (in kilogram-force).
Descriptive Statistics (kgf)
Minimum value
Maximum value
Mean
Standard deviation
Coefficient of variation

Group 1

Group 2

13.35
38.55
24.08
7.40
30.7%

12.00
50.25
31.13
11.68
37.5%

Discussion
In general, the rest seats for removable partial dentures
are prepared over enamel, have a negative shape and
transmit the chewing forces along the axis of the support
teeth (9,10). The rests act as direct and indirect retainers
of removable partial dentures and are fundamental to the
prosthesis biomechanics (4,7,9,10). The preparation of rest
seats in the cingulum is required for partial class I and II
Kennedy dentures as they act as indirect retainers to avoid
lever movements caused by the lack of posterior teeth, thus
stabilizing the prosthetic device (11).
There are two possibilities for the preparation of rest seats
in the anterior teeth: in the cingulum and incisal areas. The rest
in the cingulum has the biomechanical advantage of locating
the rest close to the fulcrum of rotation of the supporting
teeth, thus avoiding unnecessary torque that occurs with the
incisal rests. Another advantage of the cingulum rest is the
improved aesthetics of the rest seat, which is positioned close
to the tongue or palate, in contrast with the incisal rest that
may be seen at the buccal face (4-6).
The major disadvantage in the preparation of a direct rest
seat in the cingulum using diamond drill is the possibility
of dentin exposure, which may cause pain, sensitivity,
decalcification and fractures. Dentin exposure may occur
because the lingual region of anterior teeth usually has no
sufficiently thick enamel (1-3) as required for this type
of preparation. In general, a large 2.0-mm lingual-buccal
thickness is necessary to prepare rest seats in the cingulum
region (5).
To solve this problem, a method to thicken the structure
of the cingulum using a photopolymerized resin composite
has been proposed (12-15). In addition, the supports over the
rest seats that are prepared with composite resin are better
adapted than rest seats over enamel (15). The rest seat made
of composite resin is easy to handle, decreases the denture
preparation time, is aesthetics and conserves dental tissue.
The disadvantage is the possibility of fracture (7). Due to
the advantages of using composite resin, studies have been
performed with the goal of increasing the clinical durability
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of this technique as well as the resin’s resistance to fracture.
Some previous studies investigated the performance of the
resin rest seat over a dentin substrate, which leads to adhesion
strength values lower than those on enamel (16,17).
In the present study, dentin exposure was simulated
using a conventional rotary drill and an ultrasonic CVD
diamond tip. There is evidence that during dental wear with
conventional rotary points a smear layer is formed, which
promotes the obstruction of the dentin tubules and may
decrease the adhesive strength of the restoration (8,18-20).
Maxfield et al. (21) calculated the load on a single rest
to be 2.0 kgf, yet this study was limited to a small number
of cases of patients rehabilitated with partial removable
dentures and complete dentures. In another study, Costa
et al. (12) multiplied 2.0 kgf by five times, suggesting a
margin of safety for fracture resistance of the rest seat
made of composite resin. The values of maximum fracture
force over dentin in the present study exceeded the value
established by Costa et al. (12) by approximately three
times. These results also agreed with the subsequent study
by Costa et al. (13), who used dentin in the shear assays.
However, our results are lower than those obtained by Prado
et al. (14), who used a conventional three-step adhesive
system on enamel. The conventional three-step adhesive
system seems to be superior to the simplified conventional
adhesive systems and is far superior to the self-etching
ones (22).
The fact that the pre-established minimum value of
10 kgf (12) was surpassed suggests that the self-etching
adhesive provides adequate bond strength to dentin and the
cingulum rest seat in composite resin, even when using a
rotary diamond point. There was improved bond strength of
the self-etching system with the use of CVD tips, which was
probably because of the decrease in dentin smear layer (23)
due to the formation of micro-bubbles from the ultrasound,
which favors the release and clearing of the smear layer
(8,18-20). The smear layer should be removed to improve the
bond strength. Depending on how the smear layer is treated
and on its thickness, it may serve as a barrier to the diffusion
of the monomers of the self-etching primers. The greater
the thickness of the smear layer is, the greater the difficulty
that the self-etching systems will have in spreading into the
underlying dentin to yield a high bond strength (24,25).
The direct preparation of a rest seat in the cingulum is
risky. This risk may be reduced with CVD tips, which cut
slowly, do not produce pain or sensitivity, have greater
precision and less noise, and produce less smear layer
than conventional rotary points (18). If during the direct
preparation an accident occurs and the enamel layer
is perforated, the enamel may be removed safely. The
fabrication of a cingulum rest seat in composite resin,
either directly or using the transparent matrix technique,
may favor the bond strength of the restorative material when
the CVD tip is used over fractured enamel. The CVD tip
reduces the formation of smear layer as often occurs while
using conventional rotary tips for removal of fractured
enamel (18-20).
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The technique of fabricating rest seats in composite resin is
clinically relevant because of the high demand for removable
partial dentures for oral rehabilitation due to socioeconomic
factors, the need for rapid denture construction, and the
flexibility to solve the various forms of partial edentulism.
This technique offers effective indirect retention and is the
safest way to maintain the structural integrity of the anterior
teeth while avoiding unnecessary direct preparations.
Therefore, the findings of the present study support the use
of cingulum rest seats in composite resin over dentin, which
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may be useful in cases of enamel perforation to improve bond
strength of the composite resin restoration.

Conclusions
Dental preparation with dentin exposure in the cingulum
region by using ultrasonic CVD diamond tip showed the
highest bond strength of self-etching adhesive system
and composite rest seats for support of removable partial
dentures.
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