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ABSTRACT

Introduction: Stresses resulting from cast clasp arms during insertion and the removal of removable partial dentures are the
main causes of deformations or fractures. Therefore, achieving clasp designs producing less stress is very important.
Objective: Retentive clasp arms used for premolars were investigated through the reverse engineering approach. The aim was
to determine stress distribution in oval and half-oval clasps cross-sections in order to analyse biomechanical behavior.
Material and methods: Purposely designed experimental three-dimensional (3D) models of the clasp arms were constructed on the
buccal surface of an upper first premolar, to be used for structural simulations. 3D teeth models obtained after laser scanning were
used as a support for retentive clasp arms modeling. Parameters of the clasp arms like length, thickness and cross-section were
considered for the simulation of stainless steel wires. A concentrated load of 5 N was applied at the inner tip of the clasp arm.
Results: A precise model of the coronal buccal surface of an upper first premolar was generated. This model was a useful tool
in designing stainless steel clasp arms of different thickness and cross-section. In all cases, high stress values were located
on the inner surface of the clasp arm, in the part located above the height of the contour. A similar bending stiffness was
observed between the half-round cross-section design with a diameter of 1 mm and the round cross-section design with a
diameter between 0.6 and 0.7 mm.

Conclusions: This in vitro study demonstrated that the reverse engineering approach and structural analyses provide a po-
werful tool for designing clasps and visualizing fracture risk areas and for choosing the adequate cross-section for each case.
Within the limitations of this study, it was suggested that, on premolars, the biomechanical performance of half-round cross-

sections for the retentive arms may be higher than round sections of clasp arms showing similar mechanical stiffness.
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INTRODUCTION

In clinical use the clasp arms can be chosen within
the limits of the real conditions, but the most important
parameter is a design producing less stress (1). Numerical
simulations can evaluate this parameter.

Cast circumferential clasps are frequently used in re-
movable partial denture (RPD) technology for their remar-
kable simplicity, easy construction and excellent retention.
An alternative is the assembly known as the combination
clasp, which has a wrought wire retentive arm.

Their choice and design depends on several factors: clasp
material, clasp form, and the amount of undercut. Among
this, only the clasp form is under the control of the dentist
or dental technician. The mechanical properties of the clasp
material are normally determined by the alloy used, com-
monly a cobalt-chromium (Co-Cr) alloy or stainless steel
wire. The undercut is between 0.25 and 0.5 mm (2).

The combination clasp uses a wrought wire retentive
arm. A wrought wire is preferred for retention when the
undercut occurs in the mesial third of the buccal surface
of an abutment tooth. The adjustability, lack of tissue co-
verage and reparability are the main advantages of these
kinds of clasps. The disadvantages are that they can be
poorly adapted by the dental technician, loss of adapta-
tion of the wire after a period of time, which may be due
to improper placement of the wire, and the susceptibili-
ty to fracture. However, this problem can be controlled
and improved by the technique used for construction and
the careful selection of the material. Proper material se-
lection is crucial in determining whether wires maintain
their adaptation, whether breakage will be a problem, and
whether flexibility will be adequate. The gauge of wire
used will depend on the abutment periodontal support,
degree of reciprocation, clasp arm length, undercut depth
and amount of retention desired (3).
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A retentive clasp should engage 0.5 mm of the undercut
if it is constructed of wrought wire. A wrought wire clasp is
more flexible than a comparable design of cast clasp in Co-
Cr alloy; and therefore, needs to engage a greater depth of
undercut to generate equivalent retention. As a wrought wire
clasp has a higher proportional limit than a cast clasp, it can
engage this increased undercut without deforming perma-
nently. There can be technical difficulties in the production
of accurately fitting wrought wire clasps as the required skill
is not universally available. A retentive clasp should be at
least 7 mm in length if it is constructed of wrought wire. A
wrought clasp of about 7 mm in length can engage 0.5 mm
of the undercut without deforming permanently. However,
if the wrought clasp is shorter that 7 mm, flexing into this
undercut is likely to result in permanent deformation. If an
occlusally approaching retentive clasp is used on a premolar
or canine, it should be constructed of wrought wire (4).

A premolar or canine tooth is usually wide enough me-
siodistally to accept an occlusally approaching clasp of about
7 mm in length but not much longer. A wrought clasp can
therefore provide reliable retention in this situation whereas
a cast clasp would be too rigid (4).

Because complication and failure rates of RPDs were
high for retainers, different studies have tried to clarify the
component that had high rates of failure and complications
(5). Various retainer designs were compared by measuring
the occlusal load (6), the stress distribution in the abutments
and the abutment mobility (5, 7), and the masticatory perfor-
mance of the dentures (8).

Comparative studies were performed for alternative
materials for RPD applications for Co-Cr, like titanium and
noble alloys (9-12). Using finite element analysis, the clasp
should be designed with consideration of the stress distribu-
tions within the clasps (13).

The first aim of the study was to achieve 3D models
of premolars in order to design and analyze stress distri-
bution in retentive wrought wire dental clasp arms with
different cross-sections. The second aim was to investiga-
te the biomechanical behavior of round and half-round
cross-sections of clasp arms.

MATERIAL AND METHODS

The computer aided design (CAD) approach was used to
design dental clasp arms and to carry out simulations. This ap-
proach is widely used to investigate, in vitro, the behavior of
tissues and biomaterials involved in oral restorations (14, 15).

The first step in this approach was to achieve 3D te-
eth models in order to design dental clasp arms. Enlarged
plaster teeth (scale 10:1), obtained by substraction from a
plaster parallelipiped using literature data (16) were scan-
ned using a LPX-1200 Laser Scanner (RolandDG Corpo-
ration, Japan). For most situations, a single scan will not
produce a complete model of the object. Multiple scans,

from many different directions were required in order to
complete the 3D scanning process.

The resulting files were imported into LeiosMesh (En-
hanced Geometry Solutions Corporations, Italy), where the
point clouds from the tooth surfaces were cleaned and as-
sembled. The collected data were used to construct 3D mo-
dels using the Rhinoceros (McNeel North America) NURBS
(Nonuniform Rational B-Splines) modeling program. Non-
uniform rational B-spline (NURBS) is a mathematical model
commonly used in CAD, manufacturing and engineering. It
was introduced in dentistry through CAD/CAM systems (17,
18). CAD is mainly used for detailed 3D models, but it is
also used throughout the manufacturing process, from con-
ceptual design, through strength and dynamic simulation
analyses. The models were reduced to the natural size in
order to obtain a normal size of the teeth and clasps.

The resulting solid was tilted in order to obtain functi-
onally effective tooth contours. The height of the contour
was designed and the 3D models were used as a support
for retentive clasp arms modeling (Figs. 1, 2).

Purposely designed experimental 3D models of the
clasp arms were constructed on the tooth surface, accor-
ding to the literature data (7, 19, 20) and exported into
Ansys finite element analysis software (Ansys Inc, Phila-
delphia, USA) for structural simulation purposes.

For the wrought wire clasps simulations, steel wires were
modeled considering the diameter values spanning between
0.5 and 1.3 mm. For each diameter, round and half-round
cross-sections were developed and compared according to
the stiffness value obtained through numerical analysis.

The finite element models were subdivided into solid
7266 elements, connected at 1709 nodes. All nodes at the
base of the clasp retentive arm were restrained in all direc-
tions and a concentrated load of 5 N was applied at the inner
tip of the clasp arm, perpendicular to the inner surface.

RESULTS

The reverse engineering approach was successfully
employed to determine an accurate model of the coronal
buccal surface of an upper first premolar. This approach
represents a useful tool in designing and simulating the
biomechanical behavior of stainless steel clasp arms of
different thickness and cross-section.

Generated stresses and displacements were calcula-
ted numerically and plotted graphically. Results were di-
splayed as colored stress contour plots to identify regions
of different stress concentrations. High stress values were
present on the inner surface of the clasp arm, in the part
located above the height of the contour and for the thicker
arms they were more concentrated and closer to the tip
(Figs. 3a, 4a). The tip of the clasp arm is located under
the height of the contour, in the area with the undercut
of 0.5 mm. The deformations are maximal at the tip (Figs.
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Fig. 1 - Tooth as support for clasp
modeling.

Hight

Fig. 2 - 3D clasp modeling: a. round and b. half-round cross-section.

3b, 4b). Tables I-1ll present the minimum equivalent stress, ~ TABLE I - MINIMUM EQUIVALENT (VON-MISES) STRESS
maximal equivalent stress and displacement values.

Displacement results of clasp arms (Tab. Il and Figs Diameter [mm] Equivalent stress min. Equivalent stress min.
. " ’ for the round wrought  the half-round wrought
3b, 4b) clearly show that the bending stiffness of half- wire clasp [MPa] for wire clasp [MPa]

round cross-section designs with a diameter of 1T mm is
s!mllar to the bendlng stiffness of round cross-section de- 5 6.5212 11.6020
signs with a diameter between 0.6 and 0.7 mm. In fact,

according to the displacement of the tip of Figure 4b, the g’j ?;':st ;?222
round wire that is most similar to half-round wire (Tab. I11) ' ’ '
will have a diameter slightly lower than 0.7 mm. 08 2.2459 43253
This evaluated stiffness value, that is the ratio between %9 1.6840 29583
the applied load and the resulting displacement simula- ! 0.9341 18118
tion, is about 10 N/mm. Therefore, these chosen wire dia- 11 0.3537 1.5808
meters provide similar displacements for a simulated load 1.2 0.5422 1.1454
of 5 N. It is interesting to note that the cross-section areas 1.3 0.5199 0.9084

of these wire is similar (about 0.4 mm?).
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Fig. 3 - Stress distribution and displacements in the retentive arm of the round wrought wire clasp with a diameter of 0.7 mm: a. stress distribution,
b. displacements.
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Fig. 4 - Stress distribution and displacements in the retentive arm of the half-round wrought wire clasp with a diameter of 1 mm: a. stress distribution,

b. displacements.

TABLE Il - MAXIMAL EQUIVALENT (VON-MISES) STRESS

Diameter [mm] Equivalent stress min.
for the round wrought

wire clasp [MPa]

Equivalent stress min.
the half-round wrought
for wire clasp [MPa]

0.5 3012.8 9950.8
0.6 1854.8 5907

0.7 1201.2 3778

0.8 844.45 2575.8
0.9 611.55 1846.4
1 452.73 1381.4
1.1 354.89 1060.6
1.2 280.66 835.82
1.3 229.81 672.33

TABLE 11l - TOTAL DISPLACEMENTS

Diameter [mm] Equivalent stress min.
for the round wrought

wire clasp [MPa]

Equivalent stress min.
the half-round wrought
for wire clasp [MPa]

0.5 1.422 78235
0.6 0.72043 3.8633
0.7 0.40836 2.1452
0.8 0.25118 1.2902
0.9 0.16441 0.82631
1 0.113 0.55608
1.1 8.0821e-002 0.38941
1.2 5.971e-002 0.28184
1.3 4.533e-002 0.20972

Because all these variables were the same, only the
stress values were taken into consideration for the selec-
tion of the adequate cross-section. Figures 3 and 4 show
the stresses and displacements.

DISCUSSION

The permanent problem in practice is the choice of
clasp geometry and dimensions, so that they satisfy functi-
onal needs, alteration of the initial shape or having nocive
effects on the remaining teeth. The design of clasp arms
may benefit from the tools of the reverse engineering ap-
proach, such as imaging and biomechanical simulation.

Modern design and evaluation in order to obtain an
adequate framework strength involves numerical simula-
tions. Analyses in this field continuously advance both in 3D
modeling, CAD and structural analyses simulation methods.

3D reconstructions after scanning, in order to obtain
faithful models, can be used for numerical simulations of
the teeth and prosthetic restorations. CAD is mainly used
for detailed 3D models, but it is also used throughout the
manufacturing process, from conceptual design, through
strength and dynamic simulation analyses.

Three types of retainers designed for distal-extension
RPDs were assessed and the greatest tooth mobility was ob-
served with the wrought wire clasps. It is important to note
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that the occlusal load distributed to the free-end saddle is
closely related to the connecting rigidity of the retainer (7).
Designs of RPDs are suggested to affect the mobility of abut-
ment teeth and RPD during oral functions. This study aimed
to examine the effect of direct retainer and major connector
designs on RPD dynamics under simulated loading. Rigid
direct retainers and rigid major connectors reduce the mo-
vements of both abutment teeth and RPD (19).

Different studies have assessed the influence of pla-
stic deformation by bending on stress, flexibility and per-
manent deformation in wrought wire clasps. Their results
suggest that the permanent deformation of wrought wire
clasps is likely to initiate at the clasp shoulder, under the
bending force, the maximum tensile stress was recorded
at the outside surface of the bending corner; while after
unloading, the maximum tensile stress appeared at the in-
side of the bending angle (20).

Stainless steel wrought wires used as clasp arms for
RPDs were compared in terms of flexibility, Vickers mi-
cro hardness and composition. The results showed that
there were significant differences among different wires
(21). Various clasp designs of stainless steel wire for clasps
were used in different studies to show their effect on the
dynamics of RPDs, under simulated loading (22).

The flexibility of the wrought wire clasp is related to
a number of factors, including the type and gauge of the
alloy. These data indicate that knowledge of the bending
properties of an alloy is equally as important as the gauge
size when selecting a wire clasp (23).

The objective of other studies was to determine the fa-
tigue resistance of wrought-steel wire clasps used for RPDs.
Wrought-steel wires with different cross-sectional diameters
were tested using a deflection fatigue test. The results sug-
gest that to avoid fractures of the wrought-steel wire clasps
caused by bending fatigue, the stress on the clasp during its
deflection should be taken into account (24).

In this investigation, the rationale for using a tooth so-
lid model (scale 10:1) is based on the precision by which
3D LASER imaging can detect the coronal surface of an
upper premolar through the scanning of enlarged solid
models (Fig. 1). Tools of the reverse engineering appro-
ach, such as LASER scanning, CAD 3D reconstruction and
numerical simulation, were used to design (Fig. 2) and to
compare the biomechanical behavior of stainless steel cla-
sp arms of different cross-section (Figs. 3, 4). We also used
the numerical analysis to detect the diameters of round
and half-round cross-sections, which could be compared
mechanically. Accordingly, for a simulated load of 5 N,
half-round wire clasp arms with a diameter of T mm (Fig.
4b), showed similar displacements of round wires with
the diameter between 0.6 and 0.7 mm (Fig. 3b, Tab. III),
closer to 0.7 mm. Therefore, these wires show a similar
mechanical stiffness of about 10 N/mm.

Structural analysis allowed the prediction of the sites
where higher stresses and deformations will develop, and

the sites with high fracture risk during functions. The fini-
te element method allows the calculation of the stresses,
through equivalent stress and of the flexibility through
calculation of the displacements. For both half-round and
round wires, high stress values were observed on the in-
ner surface of the clasp arm, in the part located above
the height of the contour (Figs. 3a, 4a). This method of
analysis is essential because it is the basis for other com-
plementary analysis methods (at variable solicitations), to
explain some complex phenomena that are important in
degradations.

The results obtained from this investigation clearly
show that clasp arms of different cross-section, but similar
stiffness, show similar maximum equivalent stress. It is also
interesting to note that the area of half-round wires of 1T mm
is very close to the area of round wires of 0.7 mm. Therefo-
re, the same amount of metal is used to realize these clasp
arms. Nevertheless, some advantage for using half-round
wires can be easily recognised. The first depends on pa-
tient comfort: the thickness of the half-round wire in the
occlusal plane is 0.5 mm, this value is lower than that of
the round wire (diameter of 0.7 mm) with similar stiffness.
Therefore, the half-round wire will occupy a lower space
between the labial surface of the tooth and the soft labial
tissues. Another advantage of the half-round wire can be
ascribed to the number of contact areas that this clasp arm
can develop with the engaged tooth. In fact, round wires
provide a limited number of contact areas on the coronal
surface of the tooth due to the round shape of the cross-sec-
tion, while half-round wires provide higher surface where
contact areas can be established (Figs. 1, 2). This point is
very important because in clinical practice the stability of
a retentive clasp arm also depends on the number of con-
tact points. Moreover, under a similar loading condition,
clasp arms which engage the tooth on a limited number of
contact areas (i.e. round wires) will also concentrate on the
enamel surface higher stress.

Establishing a powerful tool based on 3D imaging and on
finite element method for clasps design that is both accurate
and practical will be of great benefit in clinical dentistry.

CONCLUSIONS

3D LASER scanning and the finite element method re-
present a powerful tool to design clasp arms. It has been
demonstrated that half-round wires of 0.7 mm show a si-
milar mechanical stiffness of round wires of T mm, but the
half-round wire provides more comfort and reduces stress
concentration on enamel.

This in vitro study demonstrated that LASER imaging in
conjunction with structural analyses may offer a powerful
tool in order to vizualize fracture risk areas of cast clasps.
It ensures optimal performance in selection of an adequa-
te clasp design according to each clinical case.
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