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Stress analysis of anterior cantilever bridge
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State ment of Problems. Although some clinicians report long-term success with fixed par-

tial denture (FPD) that contain cantilever pontic, the use of cantilever FPDs may be hazardous

because of unfavorable leverages during mastication.

Purpose of Study. This study aims to compare the stress induced in the periodontium with

normal and reduced bone support, and to analyze the stress distribution patterns of anterior

cantilevered FPDs using the finite element method.

Results. Cantilever bridge with a reduced bone level generated the highest peak stresses in

the periodontium. In the models of reduced bone support, a cantilever bridge exhibited the great-

est mobility and a 3-unit fixed restorations induced the smallest mobility of canine. The
highest peak stress level of a 3-unit bridge in the periodontium is similar to the unrestored sit-

" uation. But stress distribution in the bone is modified.

Conclusion. In reduced bone support, a cantilever bridge exhibited the greatest mobility and

stress.

When a tooth have been extracted and not
replaced, the space usually closes by means of
physiologic movement of the remaining oppos-
ing teeth. The anterior missing tooth is restored
with a 3-unit fixed partial denture (FPD) or
implant prosthesis. Cantilever fixed partial den-
tures may be an alternative treatment choice.
Although some clinicians'? report long-term suc-
cess with FPDs that contain cantilever pontic,
the use of cantilever FPDs may be hazardous
because of unfavorable leverages during masti-
cation. The leverage created by chewing force could
damage both the FPD and the abutments or their
supporting structures.

There are several factors that influence the
clinical decision to fabricate a FPD or not, and

which prosthetic designs to use’. The clinician uses
a periapical radiograph and analysis of mobility
to evaluate the supporting structures. A
crown/root ratio of 1 : 1 has been suggested as the
minimum for a prospective abutment under nor-
mal circumstances’. The clinical studies by Nyman
et al** demonstrated that teeth with reduced
bone support could serve as reliable abutments for
extensive cantilevered FPDs. This success has
been attributed to the maintenance of periodon-
tal health and to splinting of the abutments with
a carefully designed occlusion’. Conversely, oth-
er investigators® found that the cantilevered
FPD is suspect due to the unusual stress demands
placed on the abutments by the pontic.

The purpose of this study were: (1) to com-
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pare the stress induced in the periodontium with
normal and reduced bone support, (2) to analyze
the stress distribution patterns of anterior can-
tilevered FPDs using the finite element method
(FEM).

MATERIAL AND METHODS

The two—dimehsiohal FEM was used and the

finite element model was generated to repre-

sent a maxillary anterior segment, which includ- .

ed a central incisor, a canine, premolars and
supporting structures. An intraoral standard
radiographic film was taken by use of the paral-
leling technique of a periodontally healthy max-
illary incisor-premolar region and a FPD. The
film was used to trace the outlines of each mate-
rial and to construct the basic model (HCB) (Fig.
1). Variations of this two-dimensional finite ele-
ment model were made by changing bone support
to the following ratios: (a) crown/root ratio of 1 :
1.5, or (b) crown/root ratio of 1 : 0.6.

For each of these models another variation
was made by restoration (a) a cantilevered bridge
with a maxillary canine abutment and (b) a 3-unit
fixed partial denture with an upper canine and a
central incisor abutments.

The designs and their symbols are presented in
Table 1. The model included cortical and cancellous
bone, the periodontal ligament, dentin and enam-
el and dental casting alloy.

In all models the lower border of the mandible
was considered fixed in a vertical direction. The
mesial border of the models was designed so
that the structure could deform elastically in a
mesial direction with an assigned stiffness value
of 10 Kg/cm? A 1Kg unit biting force was applied
vertically on all of the incisal edges and cusps of
the occlusal surface of each tooth. When an addi-
tional pontic was present, loading on its incisal edge
was added to the total loading of the structures.
The elastic constant and Poisson’s ratio of the
materials and the coordinates and geometry of each

Table 1. Symbols and designs of finite element models.

Symbol Design
HCB . 2-unit cantilever PEM bridge, High bone level (C/R ratio of 1: 1.5)
LCB 2-unit cantilever PFM bridge, Low bone level (C/R ratio of 1: 0.6)
H3B 3-unit PFM bridge, High bone level
L3B 3-unit PEM bridge, Low bone level
LNO _ No restoration, Low bone level
Table 2. Mechanical properties of materials.
Materials Young's Modulus(Kg/cm?) Poisson’s ratio
Enamel 8.26 x 10° 0.33
" Dentin 2.14 x 10° 0.31
PDL 7.03 x 10! 0.45
Compact bone 145 x 10° ’ 0.30
Cancellous bone 215 x 10° 0.30
Casting gold 8.46 X 10° 0.40
Dental ceramic 7.03 X 10° 0.28

PDL, Periodontal ligament



Table 3. Maximum stresses in the materials of each design.

HCB LCB H3B L3B LNO
V.M Strsss 23 57 20 31 20
PDL Ten Stress 13 28 7 13 12
Com Stress 25 61 22 35 23
V.M Strsss 284 442 178 179 173
" Bone Ten Stress 181 327 113 151 143
Com Stress 299 453 180 182 176
V.M 5trsss 456 513 173 190 153
Tooth Ten Stress 324 354 29 29 41
Com Stress 466 518 184 202 170
V.M Strsss 2846 2846 774 874 -
Bridge Ten Stress 2316 2316 286 323 -
Com Stress 1210 1210 679 763 -
Table 4. Displacement of cusp tip in each design.
. First Premolar Canine Central Incisor
Design - - : - : -
mesial apical mesial apical mesial apical
HCB 90 92 297 159 57 85
LCB 250 118 980 268 58 107
H3B 31 89 39 100 34 118
L3B 167 122 62 129 57 163
LNO 167 118 143 106 53 100

node and element were recorded (Table 2). The lin-
ear plane stress analysis program (Algor Inc.,
Pittsburgh, Pa.) was used to solve the two-dimen-
sional stress analysis problems. The basic model
(HCB) was made up of 2811 two-dimensional elas-
tic elements, 23 boundary elements, and 3017
nodes; the spatial distribution varied with bone
level and design.

Since the FEM analysis is a mathematical cal-
culation, repeated analysis will yield identical result.
Therefore there was no need to make another mod-
els for statistical analysis.

The calculated numerical data were trans-
formed into graphics to better visualize the
mechanical phenomenon in the models (Figs. 2-

6). The maximum principal stress, minimum
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principal stress, maximum shear stress and von
Meises stress in each model were calculated and
plotted. The stress distribution patterns of each
stress type were similar and von Mises stress
was well represented the other stress patterns.
Therefore only plots of von Mises stress are pre-
sented. For comparison of the magnitude of
stresses in each model, the peak stress of each mate-
rial was tabulated (Table 3). To compare the
mobility of the abutments from model to model,
the deflections were traced and shown. The
mesial and apical displacements (in microme-
ters) at the cusp tip of the pontic, incisor and
canine subjected to the loading conditions are list-
ed in Table 4. '

By comparing these results, the effects of bone



height, the cantilever and installation of a FPD on
the stress distributions and mobility of the sup-
porting structures were evaluated.

RESULTS

Stress
Stress concentrations were seen around the
connectors of the fixed prosthesis and the abut-
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Fig, 1. Two-dimensional finite element model at high
bone level (HCB), 10Kg loads are applied on the incisal
edge and cusp tips.
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ment to the cantilever. The greatest stress for
cantilevered prostheses was recorded in the con-
nector area between pontic and retainer (Figs. 2,
3). High tensile stresses were observed on the
occlusal surface of the rigid connector and along
the distal surface of the root of the abutment.
Compressive stresses were concentrated in the

mesiocervical part of the retainer, and in the

2

Fig. 2. Deflection of dental structure and stress distri-
bution with cantilevered bridge and ideal bone support
(HCB). The unit of von Mises stress magnitudes is
Kg/cm?. Stresses are distributed around the root apex
and more widely in the cortical bone. High stress con-
centrations are seen around the connectors of the fixed
prosthesis and canine abutment.

Vou Mixes|

Fig. 3. Deflection of dental structure and stress distri-

bution with cantilevered bridge and reduced bone
height (LCB). Similar pattern of stress distribution to mod-
el HCB. Mesial rotation of canine and pontic is observed.
Deflection of the abutment tooth increased and high stress
area become wider. '
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Fig. 4. Deflection of dental structure and stress distri-
bution with a 3 unit fixed bridge and high bone level
(H3B). The prosthesis markedly reduced the stress in
the periodontium when compared to Fig. 2. No local-
ized stress concentration is found around the canine abut-
ment after installation of a 3-unit fixed partial denture.
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Fig. 5. Deflection of dental structure and stress distri-
bution with a 3 unit fixed bridge and low bone level
(L3B). Similar pattern of deflection and stress distrib-
ution to the FPD with high bone level (Fig. 2) is
observed. But additional high stress area is seen in
the alveolar bone under the pontic.

periodontal ligament (PDL) at the root apex.

The maximum von Mises stresses of the two-unit
FPD with a cantilevered pontic in normal and
reduced bone groups (HCB, LCB) were 284 and
442Kg/cm? in the cortical bone and 23 and
57Kg/cm? in the PDL respectively. The maxi-
mum stresses in the periodontium increased as
bone support decreased. The values of maxi-
mum stresses in teeth and gold alloy were approx-
imately the same in the single cantilevered pon-
tic group, regardless of the bone level (Table 3 and
Figs. 2, 3).

The maximum von Mises stresses of 3-unit
FPDs in normal and reduced bone groups (H3B,
L3B) were 178 and 179Kg/cm? in the cortical
bone and 20 and 31Kg/cm? in the PDL, respec-
tively. The maximum von Mises stress with
edentulous missing space in reduced bone sup-
port (LNO) was 173Kg/cm? in the bone and
20Kg/cm? in the PDL. The highest peak stress lev-
el of a 3-unit bridge in the periodontium is sim-
ilar to the unrestored situation. But stress distri-
bution in the bone is modified.

The magnitudes of highest peak stress of peri-
odontal ligament are similar between the can-
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Fig. 6. Deflection of dental structure and stress distri-

bution without restoration and low bone support
{(LNO). The magnitude of tooth mobility is slightly
increased.

tilevered bridge with high bone support and the
3-unit bridge or no restoration with low bone
level. A FPD with a cantilevered pontic and
reduced bone level exhibited greater peak stress
values in the PDL that was two times greater
than a FPD without a cantilevered pontic (L3B,
LNO) (Table 3, Figs. 3, 5, 6). A cantilever bridge
with a reduced bone level generated the highest
peak stresses in the periodontium. The area of high
stress in the prosthesis and in the abutment was
also greatly expanded (Figs. 2, 3).

Deflection

The mesial and apical displacements that result-
ed from a mesial load vector at the incisal edge of
the pontic (lateral incisor), and the abutments
subjected to the occlusal loading conditions are pre-
sented in Table 4 and Fig. 3.

The displacements of a free standing canine
abutment with a reduced bone level (LNQO) were
143 pm in the mesial direction and 106#m in the
apical direction respectively. When the canine was
used as an abutment of the 3-unit FPD with nor-
mal and reduced bone support (H3B, L3B), the dis-
placement of the canine decreased to 39 and 62¢m,



respectively, in the mesial direction. All the mod-
els with low bone level exhibited greater cus-
pal displacement and stress in the periodontium
as compared to the models with normal bone
support. There was a reduction in displacement
when the canine was used as an abutment of 3-unit
FPD (Figs. 4, 5). When the canine was used as an
abutment of a cantilever bridge with normal
and reduced bone support (HCB, LCB), the dis-
placement of the canine increased to 297 and
980um, respectively, in the mesial direction. The
cantilevered prosthesis (LCB) exhibited great
mesial and apical deflection of canine than the
three-unit prostheses (L3B) or freestanding tooth
(LNO). In the models of reduced bone support, a
cantilever bridge exhibited the greatest mobility
and a 3-unit fixed restorations induced the small-
est mobility of canine.

Loading on the occlusal surface of the abut-
ments resulted in mesial and apical displace-
ments, but loading on the cantilevered pontic
increased the amount of deflection and caused
mesial tipping forces in the pontic(Fig. 3).

DISCUSSION

The resistance of a FPD is influenced by the num-
ber and distribution of the abutments that support
it, the shape of the arch to which it must conform,
and the occlusal relationship it will have with the
opposing teeth. There are several factors which
have an influence on the decision whether to
fabricate a FPD or not, what teeth to use as abut-
ments, and what prosthetic design to use*!.
The root and supporting tissues should be eval-
uated for root configuration and crown/root

ratio®.

Generally the addition of a FPD resulted in-

more uniform stress distribution around abut-
ments”. A cantilever FPD is one that has an abut-
ment or abutments at one end only. This cre-
ates a class [ lever system, which dramatically alters
the direction and magnitude of forces on the

abutment teeth®. Some investigators® demon-
strated an increased risk of failure if the FPD is pro-
vided with cantilevered units due to the unusu-
al stress demands placed on the abutments by the
pontic. Contrary to traditional claims, another clin-
ical investigation by Nyman et al* reported that
teeth with reduced bone support serve as reliable
abutments for extensive cantilevered prosthe-
ses. The effect of excess stress on a cantilever
may influence the fracture and distortion of

restorative materials and supportihg bone resorp-

~ tion. If the prosthesis is to be designed properly,
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it is necessary to understand the mechanical
behavior of cantilever FPDs when occlusal loads
are applied.

High stress concentrations were seen around the
connectors of the fixed prosthesis. Cantilevered

~ FPDs should be designed so that occlusal forces

are limited to the connectors’ ability to accept them.
The greatest stresses in fixed prostheses were
recorded at the connectors and fractures may
occur in this location. The results were consistent
with the three-dimensional analysis of Awadalla
et al®. Jdeal bone support of the abutments
decreased the magnitude of stress concentra-
tions.

Palmqvist and Swartz" examined cantilevered
FPDs and reported no negative influence of the one
cantilever extension. However, Shackleton et al®
claimed that longer cantilevers lead to increased
risk of failure by examining the survival of fixed
implant-supported prostheses using different
cantilever lengths. In this study, forces trans-
mitted through the cantilevered pontic caused tilt-
ing and rotational movements of the abutments.
Cantilevered pontic caused tipping, and showed

marked stress concentration (Figs. 2 and 3).

To construct a finite element model, it is usually
necessary to simplify the system by making sev-
eral assumptions. The assumption which was
required for analysis of stress distribution by

means of two dimensional finite element method



was that the stress along a bucco-lingual direction
were negligible and stress components in any direc-
tion were independent of the bucco-lingual
dimension. In this regard the above analysis is a
first approximation. In addition, although biological
materials such as dentin, periodontal ligament and
bone are anisotropic, inhomogeneous, and usu-
ally exhibit non-linear stress-strain relationships,
the materials involved were idealized as homo-
geneous, isotropic, linearly elastic. The lack of good
biological materials characterization data limits
the accuracy of these results. Particularly, the phys-
ical properties for the PDL available in the liter-
ature exhibit a large variation. The PDL has vis-
coelastic properties and tooth mobility varies
considerably with the individual. The mechani-
cal behavior of PDL changes non linearly, depend-
ing on the magnitude and duration of load
applied. As was recently noted, progress in FEA
will be limited until we have better defined phys-
ical properties for enamel, dentin, the PDL, and
cancellous and cortical bone. We are not in a
position to verify the model developed other
than to point to clinical data which supports our
results. ‘

Although two-dimensional models of dental
structures were not an exact representation of the

clinical situation, the results obtained have sig-

nificant clinical implications. The stress level

and distribution patterns of maximum stresses are
important in anticipating the breakdown of the

periodontium or prosthesis. From this study, it

appears that cantilever bridge with a reduced
bone level generated the highest peak stresses in
the periodontium. So cantilever bridge can be used
only when the abutment teeth has an ideal bone
support.

Forces transmitted through the cantilevered
pontic caused tilting of the abutments. The mag-
nitude of rotational movement was. increased
as the crown/ root ratio of abutment increased and
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the length of cantilevered pontic increased. To
improve the prognosis of the FPD cantilever,
alveolar bone support be acceptable, and the

. span of the pontic should be decreased.

CONCLUSIONS

A two-dimensional finite element model was con-
structed to analyze the mechanical behavior of a
cantilevered bridge with a maxillary canine abut-
ment and a 3-unit fixed partial denture with an
upper canine and central incisor abutment. All fixed
partial denture (FPD) were supported with both
normal and reduced bone. 10Kg vertical forces
were applied on the cusp tips of each teeth and
pontic. ' _

Within the limitations imposed by a two dimen-
sional finite element analysis the following con-
clusions can be drawn:

1. Cantilever bridge with a reduced bone level gen-
erated the highest peak stresses in the peri-
odontium. ‘

.2. In the models of reduced bone support, a can-

tilever bridge exhibited the greatest mobility and
a 3-unit fixed restorations induced the small-
est mobility of canine.

3. All the models with low bone level exhibited
greater cuspal displacement and stress in the
periodontium as compared to the models with
normal bone support.

4. The highest peak stress level of a 3-unit bridge
in the periodontium is similar to the un-
restored situation. But stress distribution in the
bone is modified.

5. The magnitudes of highest peak stress of peri-
odontal ligament are similar between the can-
tilevered bridge with high bone support and
3-unit bridge or no restoration with low bone
level.
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