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SUMMARY

Introduction/Objective For optimum loading distribution, the angle formed by the occlusal rest and
the vertical minor connector from which it originates should be less than 90°.

The objective of the article was to visualize the optimum angle between the occlusal rest and the minor
connector in terms of intensity and distribution of occlusal loads using finite element analysis. It was
the intention, concerning biomechanical behavior, to document that the optimum angle between the
occlusal rest and the minor connector should be less than 90°.

Methods Three different virtual models of partial edentulous Kennedy Ill class were created using the
CATIA design computer program with different angles between the occlusal rest and the minor connec-
tor. Stress distribution after simulated occlusal loading was analyzed using the finite element method.

Results Comparing the results obtained for three models, the highest stress values were seen in model
3 (the angle between the occlusal rest and the small connector is greater than 90°) whether the load is
applied in the middle or at the end of the saddle.

Conclusion Within limitations and on the basis of the study results, the minimum compressive stress
was seen in model 1, where the angle between the occlusal rest and the minor connector was less than
90° whether the load is applied in the middle or at the end of the saddle. It is recommended that obtuse
angle between the rest and the minor connector should be avoided due to potential hazardous stress
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concentration on abutment teeth.
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INTRODUCTION

A tooth as a part of the orofacial system is sub-
jected to great occlusal loads during normal
function. As a result of occlusal loading, reac-
tionary stresses are generated and distributed
throughout the entire whole tooth structure.
The same is factual for a tooth acting as an
abutment tooth of a removable partial denture
(RPD), where most occlusal forces are distrib-
uted from the occlusal rest to the abutment.
Teeth and their supporting tissues are best
suited for resisting axially directed forces [1].
When not loaded parallel to the long axis, such
forces may generate stresses and strains in the
tooth and the periodontal ligament, causing
various problems, such as extreme tooth move-
ment, non-carious cervical lesions formation,
and cervical alveolar bone loss [2, 3]. Occlusal
loads exerted on an RPD are transmitted to
abutment teeth and oral mucosa. Therefore,
when planning an RPD, one faces two different
biological tissues and the need for even distri-
bution of the occlusal and other forces on the
periodontal tissue of the remaining teeth and
in the mucoperiosteum on the edentulous alve-

olar ridge [4]. To employ the stated, the design
of the RPD requires biomechanical consider-
ations in order to minimize potential hazard-
ous loading on supporting tissues. Therefore,
each element in the RPD design should fulfill
requirements concerning function and esthet-
ics, but also enables patient comfort and pre-
serves supporting tissue health and well-being.

A minor connector is the connecting link
between the major connector of an RPD and
the other units such as clasps, indirect retainers,
and occlusal rests [5]. From the biomechanical
perspective, it possesses a very important role
to connect the aforementioned elements of the
RPD to the major connector. In such a way it
enables the RPD to act as a single unit rather
than elements acting separately and individu-
ally. In this way, forces applied to one part of
the RPD are transmitted to the other parts and
are dissipated by all teeth and supporting tis-
sues. For optimum loading distribution, angle
formed by the occlusal rest and the vertical mi-
nor connector from which it originates should
be less than 90° [6, 7]. Only in this way can
the occlusal forces be directed along the long
axis of the abutment tooth and slippage of the
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RPD away from the abutment can be prevented [7]. So far,
there have been no biomechanical studies supporting the
aforementioned statements.

The objective of this study was to visualize the optimum
angle between the occlusal rest and the minor connector in
terms of intensity and distribution of occlusal loads using
finite element analysis. With this aim, the intention was
to document in terms of biomechanical behavior that the
optimum angle between the occlusal rest and the minor
connector should be less than 90°.

METHODS

Three different virtual models of Kennedy III class partial
edentulous were created using the CATIA design com-
puter program (Dassault Systémes, Vélizy-Villacoublay,
France). The surface geometry of all three models was ob-
tained based on digital data obtained by scanning denture,
teeth, and jaw models. Three denture models were set up
using lower jaw models of Class III partial edentulism with
a tooth-borne removable partial denture. Morphologic de-
tails and dimensions were used to define a series of planes
at different levels. The basic morphology outlines were
reconstructed, with detailed morphological characteristics
obtained from the literature [8, 9]. The teeth surfaces were
reconstructed in the finite element models by fitting poly-
nomial surfaces through geometric records. The geometric
characteristics of occlusal rest seat were taken from the
literature. Each rest seat was spoon-shaped, 1.5 mm deep,
occupied one third of the mesiodistal length of the tooth,
and was approximately one half the buccolingual width
of the tooth, measured from cusp tip to cusp tip [10]. The
occlusal rests that were fully fitted to the corresponding
rest seats were separately produced as hemisphere shapes.
The following three 3D models were created for this study:
1. The first model was that of a tooth-bounded saddle
where the angle between the occlusal rest and the
minor connector is less than 90°
2. The second model was that of a tooth-bounded sad-
dle where the angle between the occlusal rest and the
minor connector is 90°

3. The third model was that of a tooth-bounded saddle

where the angle between the occlusal rest and the
minor connector is greater than 90°.

The geometric characteristics of the tooth-bounded
saddle were obtained by measurements of dimensions
and shapes of saddles in a large number of master casts.
From the basic geometry created, the elastic properties of
various materials were attributed using approximate values
found in the literature [11, 12] (Table 1). It was assumed

Table 1. Mechanical properties of the materials

Material Young'’s modulus (MPa) | Poisson’s ratio
Enamel 4.1 x10* 0.30
Dentin 1.9%x10* 0.31
Periodontal ligament 0.00689 x 10* 0.45
Co-Cr alloy 23 x 10* 033
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that the mechanical behavior of the teeth, rests and minor
connectors was linear elastic, homogeneous, and isotropic.
According to literature data, the intensity of the occlusal
force is within the range from 50 N in edentulous patients
to 1000 N in extreme cases of a full dental arch [12, 13].
The values in the 25-300 N range are considered physi-
ological for denture wearers. The occlusal force intensity
of 250 N in RPD wearers was found by Witter et al. [14].
For this reason, a vertical load of 250 N was applied
according to two simulated situations:
1. In the first simulation, the load was applied in the mid-
dle of the tooth-bounded saddle in all three models;
2. In the second simulation, the load was distributed at the
end of the tooth-bounded saddle in all three models.
Each model was meshed structurally with solid ele-
ments defined in tetrahedral bodies. The final models had
a total number of 42,176 elements and 63,572 nodes for
model 1, 53,141 elements and 77,213 nodes for model 2,
and 60,119 elements and 80,123 nodes for model 3.
Described virtual three-dimensional finite element
models of the tooth-bounded saddle with a different angle
between the occlusal rest and the minor connector were
analyzed using the ANSYS 6.1 (ANSYS, Inc., Canonsburg,
PA, USA) FEA program.

RESULTS

The results of the study are presented graphically as maps
of stress distribution within the saddle and the occlusal

rest minor connector junction.

When a vertical load was applied over the middle of the
tooth-bounded saddle, the highest maximum compressive
stress was found in the saddle area at the site of applied
load in the model where the angle between the occlusal
rest and the minor connector was modeled as less than 90°
(Figures 1 and 2). Under the same condition of loading,

Figure 1. Stress distribution in model 1 when the load was applied in
the middle of the tooth-bounded saddle

ANSYS
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Figure 2. Schematic diagram of stress distribution in model 1 when the
load was applied in the middle of the tooth-bounded saddle
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Figure 3. Stress distribution in model 2 when the load was applied in
the middle of the tooth-bounded saddle

Figure 4. Schematic diagram of stress distribution in model 2 when the
load was applied in the middle of the tooth-bounded saddle
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Figure 8. Schematic diagram of stress distribution in model 1 when
the load was applied at the end of the tooth-bounded saddle

o o st
— — )
s s

Figure 9. Stress distribution in model 2 when the load was applied at
the end of the tooth-bounded saddle
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Figure 5. Stress distribution in model 3 when the load was applied in
the middle of the tooth-bounded saddle
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Figure 10. Schematic diagram of stress distribution in model 2 when
the load was applied at the end of the tooth-bounded saddle

Figure 6. Schematic diagram of stress distribution in model 3 when the

load was applied in the middle of the tooth-bounded saddle
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Figure 11. Stress distribution in model 3 when the load was applied
at the end of the tooth-bounded saddle
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Figure 7. Stress distribution in model 1 when the load was applied at
the end of the tooth-bounded saddle
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Figure 12. Schematic diagram of stress distribution in model 2 when
the load was applied at the end of the tooth-bounded saddle
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Table 2. Maximum and mean stress values in all models when the
occlusal load was applied in the middle and the end of the tooth-
bounded saddle

Models Load applied in the Load applied at the end
middle of the saddle of the saddle
Omax = 2.6 MPa Omax = 5.4 MPa
Model 1
Omean = 1.2 MPa Omean = 2.9 MPa
Omax = 2.5 MPa Omax = 6.4 MPa
Model 2
Omean = 1.2 MPa Omean = 2.4 MPa
Omax = 4.5 MPa Omax = 7.7 MPa
Model 3
Omean = 2.0 MPa Omean = 3.5 MPa

the stress intensity decreased increasing the distance from
the loading site with a uniform distribution throughout
the whole saddle. The pattern of stress distribution is the
same in model 2 — the angle equals 90° as seen in Figures
3 and 4), whereas the stress intensity increases. Concern-
ing the third model with an obtuse angle between the oc-
clusal rest and the minor connector, the stress was also
the highest at the loading point and gradually distributed
to the supporting tissues (Figures 5 and 6). Accordingly,
as seen in Table 2, the highest stress values after loading
the middle of the saddle are obtained in the third model,
where the occlusal rest minor connector angle is modeled
as greater than 90° (Table 2).

When vertical load was applied at the end of the tooth-
bounded saddle, the pattern of stress distribution was differ-
ent to that seen in the simulated situation of loading in the
middle of the saddle. The loading on one side of the saddle
promotes unequal stress distribution with the dominant
concentration of stresses at the loading point, seen in all
three models (Figures 7, 9, and 11). The schematic view of
stress distribution in all three models under vertical loads
with the point of attack at the end of the tooth-bounded
saddle is shown in Figures 8, 10, and 12. It is evident that
there is a stress concentration in the saddle structure as well
as in the abutment tooth on the side of the applied load. By
comparing the results obtained for three models, the highest
stress values were obtained in model 3 (Table 2).

DISCUSSION

Since the intention of the study was to visualize and docu-
ment stress and strain distribution in the junction between
the occlusal rest and the minor connector, the computer
simulations were simplified. Creating the virtual models
was done without intense morphological details, especial-
ly when anatomy details of the abutment tooth are con-
cerned. Accepting the simplifications involved in the study,
the values of stresses encountered during occlusal loading
simulation were considered more qualitatively than quan-
titatively. Another limitation of this study concerns the
intensity of occlusal force applied to the saddle and the rest
afterward. The phenomenon of any horizontal movement
of the rest was neglected and the RPD was assumed stable,
as it is obliged to be when designed properly. Moreover,
the assumed isotropic, homogeneous, and elastic charac-
teristics of the materials may present the limiting factor in
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the study. However, despite the materials” intrinsic aniso-
tropic nature, there is still no competent literature data
concerning inhomogeneity and anisotropy. Since results
were not considered quantitatively, one may speculate that
such limiting factors did not have a contributing effect on
the obtained data.

When simulating loading in the middle of the saddle,
uniform distribution of stresses on abutment teeth and
surrounding tissues is visible. On the other hand, loading
applied on one side of the saddle exerted higher stresses on
the abutment on that side. Accepting the aforementioned,
it may be speculated that from the clinical perspective one
is obliged to create uniform occlusal contacts in harmony
with the natural dentition. Premature contacts on one side
of the saddle will cause the potentially unstable leverage
effects and might overload the abutment with consecutive
side effects.

After evaluating the obtained results it is evident that
the angle formed by the occlusal rest and the vertical mi-
nor connector from which it originates should be less than
90°. The angle greater than 90° fails to transmit occlusal
forces along the supporting vertical axis of the abutment
tooth with generated higher stresses. Also, the results of
this study showed that the highest maximum compressive
stress was found in the saddle area at the site of applied
loads in all models. The minimum stress values were seen
in model 1, where the angle between the occlusal rest and
the minor connector is less than 90° whether the load
is applied in the middle or at the end of the saddle. The
tindings that horizontal axis of the occlusal rest should be
inclined toward the abutment to prevent slippage of the
prosthesis away from the abutment are in agreement with
previous researches [9]. The opposite was found by Sato
et al. [15], who stated that such inclination may cause a
high-stress concentration. According to them, a standard-
shape rest with a zero degree horizontal axis produced less
stress and may prevent slippage. Despite the statement that
the inner line angle of an occlusal rest should be rounded
[16], results of the study by Sato et al. [15] showed that
over-roundness was associated with the high-stress con-
centration and decreased yield strength. The authors ex-
plained that such results may be attributed to the fact that
the loaded point moved to the thinnest portion (the most
protruded point of occlusal rest base). Although minority
of scientific studies are dealing with the occlusal rest bio-
mechanical behavior, it may be, however, stated that stress
distribution on the residual ridge beneath the RPD base is
dependent on the occlusal rest design [17].

CONCLUSION

Despite the defects in the model geometry and the imple-
mented assumptions, the results still can provide some
mechanical insight of the influence of the angle between
the occlusal rest and the minor connector on stress distri-
bution on supporting tissues. Within limitations and on
the basis of the study results, the minimum compressive
stress was seen in model 1, where the angle between the
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occlusal rest and the minor connector was less than 90°
whether the load was applied in the middle or the end
of the saddle. Therefore, it may be confirmed that, from
the biomechanical aspect, the optimum angle between the
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AHanu3a HanoHa u gedopmaumja yHyTap peTeHUMoHor 3yba napuujanHe
CKe/leTMpaHe NpoTe3e y 3aBUCHOCTM 0, YI1a Ca MaJIoM CMOjHULLOM
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CAMETAK

YBoa/Uunm Okny3anHy HAaCNOH U Masnia cnojHuua Tpeba ga
3aknanajy mehycobHu yrao matbu of 90 cTeneHu, Kako 6u ce
06e36e1/10 HajroBOJbHYjE NPeHOLLEHE onTepehetba.

Linmb paga je 6vio fa ce METOROM KOHAYHVIX efleMeHaTa nprKaxe
yrao vn3mehy oKy3anHOr Hac/oHa U Mare CMojHYLE Koju je Haj-
NMOBOJbHU)U 3a NpeHoLLerbe OKITy3anHor onTepehera. Hamepa
je 6buna fa ce, NoCMaTPaHO ca GMOMexaHNYKOT acneKTa, OKy-
MeHTYje Aa je yrao Matby of 90 cTeneHn nsmehy oknysanHor
Hac/I0Ha 1 Masie CrojHULIE HajNOBOSbHUjN.

Mertop V3paheHa cy Tpu pasnunynta BUPTYeHa Mogesna Kpe-
3y6e BunuLe knace kpesyboctn Kenean Il y nporpamy CATIA
Ca MOJieNIoOBaHUM Pas3fINuMTUM YrnoBuma namehy oknysanHor
HacIoHa 1 Marne crojHuue. AHanv3a gucTpubyLmje HanoHa 1
AedopmaLivja HAKOH CMMynpPaHor OKy3anHor ontepehersa
13BPLLEHE Cy METOAOM KOHaYHUX efleMeHaTa.
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Pesyntatm [ocne cumynmpaHor okny3anHor ontepeherba cBa
Tp¥ Mofena Hajsehu HamoH je youeH Ko mogena 3 (yrao us-
meDy okJly3anHor HaclioHa 1 Mane cnojHuue Behu of 90 cTe-
neHu), 6e3 063u1pa Ha To Aa nu je onTepehere ananKoBaHO Ha
CPeAvHN UK Ha Kpajy cefa.

3aKsbyyak Y OKBMPY OrpaHuyerba y CTpakuBatby, HajMarbmn
KOMMPEeCHOHW HaMoH youeH je y mogeny 1 (yrao namehy okiy-
3a/IHOT HAaC/I0Ha U Mare crojHuLe Mamwu of 90 cTenexm) 6e3
0631pa Ha To fja M je onTepehetbe anaMKoBaHO Ha CpefUHN
Unn Ha Kpajy cegna. lNpenopyuyje ce aa ce Tyn yrao nsmehy
OKJ1y3aJIHOT HaC/I0Ha 1 Masie CnojHuLe n3berasa 36or moryhux
LITETHUX KOHLIEHTPaL1ja HanoHa Ha peTeHLOHOM 3y6y.

KmbyuHe peun: Mana CrojHMLa; OKNy3anHW HaCcloH; MeTofa
KOHaYHUX efneMeHata; HanoH 1 aedpopmauyje
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