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Photoelastic analysis of the influence of residual ridge inclination in
conjugated class I mandibular prostheses with different attachment
systems
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Abstract
Objectives: The aim of this study was to evaluate the stress distribution in mandibular free-end removable partial dentures
(RPD) associated with FPD in the abutment teeth considering different inclinations of the residual ridge: (1) horizontal and (2)
distal descending ridges and two designs of free-end RPD with different attachment systems were tested: (1) clasp and (2)
system ERA. Methods. Axial loads (100 N) were applied on the teeth of the RPD. The images were recorded and the stress
distribution was evaluated through photoelastic fringes. Results. In general, the distal descending ridge presented more
photoelastic fringes in the region of the roots of the abutment teeth while the horizontal ridge exhibited higher compression in
the base of the prosthesis. In the horizontal ridge, the denture with clasp presented more favourable stress distribution than the
denture with the system ERA. In the distal descending ridge, the denture with the system ERA relieved the region of the
abutment teeth and overloaded the residual ridge. Conclusion: The horizontal ridge presented more favourable performance;
the dentures with clasp exhibited better performance for both ridges evaluated; the denture with the system ERA presented
better results in the distal descending ridge.
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Introduction

The use of RPD for rehabilitation of patients with
distal extension (Kennedy Class I and II) is complex
[1] due to the difference of resilience from 1–13
between the periodontal ligament of the abutment
teeth and the mucosa on the residual ridge [2–5]. This
difference of resilience generates rotational movement
when occlusal loads are applied on the base of the
free-end removable partial denture (FERPD) [5,6]
that may induce unfavourable forces to the supporting
tissues and generate resorption of the distal residual
ridge and damage to other structures [5–12].
The residual ridge is also responsible for support of

the FERPD to absorb and neutralize vertical, hori-
zontal and oblique functional loads since its anatomy
may influence the stability of the assembly and integ-
rity of the abutment teeth through distribution of the
occlusal loads [13].

Elbrecht [14] classified the anatomic design of the
residual ridges in the sagital direction and the influ-
ence of its inclination on rehabilitations with FERPD.
The alveolar bone crest can present four designs in
relation to the occlusal plane:

(1) horizontal ridge—distal inclination of 0�, the
prosthesis maintains its position when vertical
loads are applied on the base and the load is
perpendicularly transferred to the ridge in the
long axis of the tooth adjacent to the edentulous
area;

(2) distal descending ridge—the prosthesis is posi-
tioned on an inclined plane and the FERPD
moves to distal following the ridge inclination
when vertical forces are applied;

(3) distal ascending ridge—occlusal loads applied
on the prosthesis base generate movement to
distal in the direction of the abutment teeth; and
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(4) concave or ascending-descending ridge—com-
bination of descending and ascending inclina-
tions, respectively.

According to a study [15], the distal descending ridge
was more frequent among 64 hemi-arches analysed
through two periapical radiographies to determine the
angle generated by bone resorption, where the highest
levels of resorption of the residual ridge were found.
Some studies [16,17] applied mechanical tests to

evaluate the influence of residual ridge inclination in
the sagital direction on movement of the distal abut-
ment tooth in Kennedy Class I mandible rehabilitated
with FERPD. The researches revealed that the direc-
tion and magnitude of movement of the abutment
tooth adjacent to the prosthetic area are affected by
the sagital angulation of the residual ridge.
In cases of rehabilitation with FERPD and fixed

prostheses in the distal abutment teeth, the attach-
ment systems are important mainly for aesthetics.
Several attachment systems have been studies includ-
ing the traditional extracoronal clasps [2,6,8] and
intra- and extra-coronal precision and semi-
precision attachment systems [4,5,18–24]. The clasps
present better results considering the attachment sys-
tems [21]. For the rigid attachment systems, the
transference of the loads applied on the distal exten-
sion of the RPD to the abutment teeth is higher [22].
The majority of the studies did not consider the use of
resilient attachments that allow movement of parts of
the system when loads are applied on the base of the
FERPD and act as a stress breaker [24], decreasing
the loads transferred to the abutment teeth.
Thus, the aim of this study was to evaluate the

influence of two residual ridge inclinations (horizontal
and distal descending) on stress distribution to the
supporting structures of the mandibular FERPD
associated with FPD using clasps and resilient attach-
ments ERA through photoelasticity.

Materials and methods

For the confection of photoelastic models, were used
a dental mannequin (Odontofix Ind. Com. Ltda.
Ribeirão Preto, São Paulo, Brazil), the teeth that
had no relevance in this study were removed, resulting
in bilateral posterior edentulous model, keeping the
incisors, canines and first premolars, the dimensions
of the teeth were of average sizes and shapes [25]. The
mannequin was duplicated with silicone (Sapeca
Artesanato, Bauru, SP, Brazil) to obtain a silicone
mould poured with dental stone type IV (Durone,
Dentsply, Petrópolis, Rio de Janeiro, Brazil).
The canine and first premolar teeth were used as

support and were prepared to receive metal crowns.
The model with the prepared teeth was duplicated
with silicone to obtain another silicone mould. This
mould was poured with dental stone type IV to obtain

four models that were sent to a laboratory for con-
fection of the prostheses.
For the confection of photoelastic teeth were used

silicone moulds of incisors, canines and first premolars
prepared and poured with photoelastic resin (PL-1,
Vishay, Micro-Measurements Group, Inc., Raleigh,
NC)manipulated according tomanufacturers’ instruc-
tions. Photoelastic teeth were positioned into the sil-
icone mould and filled with photoelastic resin (PL-2,
Vishay, Micro-Measurements Group, Inc.) to simulate
the alveolar bone. After pouring, the models were kept
under pressure at 40 lbf/pol2 for removal of bubbles.
The fixed prostheses were made with Ni-Cr (Fit

Cast-SB Plus, Talladium Brazil, Curitiba, PR, Brazil)
with the corresponding attachment to be analysed.
Four metallic frameworks of removable partial
dentures were made with Co-Cr alloy (Degussa
SA, Sao Paulo, Brazil), all in the same laboratory
using standardized methods and conditions. The
major connector was the lingual bar. Table I illus-
trates the models used in the present study.
The fixed partial prostheses were cemented on

prepared teeth with provisional cement (Temp
Bond, Kerr Corp., CA) to facilitate the removal of
the crowns after the tests. To simulate the alveolar
mucosa a soft lining material was used (Dentusoft,
DMG Industria Argentina, Argentina).
The assembly was positioned lying on a device in a

circular polariscope for a 100 N-axial load that was
applied in standardized points on the occlusal surface
of teeth (pre-molars andmolars) during 10 s, through a
metal rod associated to the universal testing machine
(EMIC-DL3000, São JosédosPinhais,Paraná,Brazil).
The stresses represented by photoelastic fringes

were recorded with a digital camera (Nikon D80,
Nikon Corp, Japan) and visualized using graphic
software (Adobe Photoshop CS3, San Jose, CA) for
qualitative analysis, as Caputo and Standlee [25],
Çehreli et al. [26] and Pellizzer et al. [27]. This
analysis established that: (1) the higher the number
of fringes, the greater the stress; and (2) the closer the
fringes, the greater the stress concentration.

Results

The results were observed in four regions: apexes of
the roots of the distal abutment teeth, cervical-
distal region of the distal tooth, area between the
abutment teeth and distal residual ridge (Figure 1).

Table I. Models.

Model Retention system Residual ridge

1 Clasps Horizontal

2 Clasps Distal descending

3 System ERA Horizontal

4 System ERA Distal descending
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Horizontal ridge

Loading on the second premolar. Apex of the roots Four
fringe orders were observed in Model 1 (Figure 2),
while Model 3 (Figure 3) presented three orders.

Cervical-distal region of the distal tooth. Model 1 exhib-
ited lower stress concentration than Model 3, which
presented two orders of fringe.

Area between the abutment teeth. Models 1 (Figure 2)
and 3 (Figure 3) showed similar stress distribution.

Residual ridge. Similar formation of fringes was
observed for both models, but there was a larger
area of fringes in Model 3.

Loading on the first molar

Apex of the roots. Three orders of photoelastic fringes
were observed in Models 1 and 3, with highest fringes
concentration in the second model.

Cervical-distal region of the distal tooth

There were three orders of fringes in Model 3, with
higher formation in comparison to Model 1.

Area between the abutment teeth

A similar stress pattern and distribution as observed
for Models 1 (Figure 2) and 3 (Figure 3), but Model
1 was more favourable.

Residual ridge

Model 3 presented lower formation of photoelastic
fringes in the distal region of the ridge and Model
1 exhibited a high number of fringes.

Loading on the second molar

Apex of the roots

Two orders of fringes were observed in both models,
but Model 3 (Figure 3) showed a higher concentra-
tion of the photoelastic fringes.

Cervical-distal region of the distal tooth

Model 3 presented three orders of fringes, with less
favourable performance in this region in comparison
to Model 1 (Figure 2).

Area between the abutment teeth

Model 1 showed more fringes than Model 3.

Residual ridge

Model 3 presented fewer fringes in the ridge, while
Model 1 showed three orders of fringes.

Distal descending ridge

Loading on the second premolar

Apex of the roots. There were similar stress distribu-
tions in Models 2 (Figure 4) and 4 (Figure 5) with
similar amount of fringes orders but higher stress
concentration in Model 4.

Cervical-distal region of the distal tooth. Similar stress
distribution was found, but Model 4 exhibited a larger
area of stress.

Area between the abutment teeth. Model 4 (Figure 5)
presented less favourable performance, while Model
2 exhibited more fringes.

Residual ridge. Model 2 showed more red fringes in
the distal extension of the ridge in comparison to
Model 4.

1

2

3

4

Figure 1. Design of the areas evaluated in the models by qualitative
analysis.

A B C

Figure 2. Axial load on model 1: (A) 1st premolar; (B) 1st molar;
(C) 2nd molar.

A B C

Figure 3. Axial load on model 3: (A) 1st premolar; (B) 1st molar;
(C) 2nd molar.
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Loading on the first molar

Apex of the roots. Model 4 (Figure 5) exhibited more
favourable performance with two orders of fringes,
while Model 2 (Figure 4) showed three orders of
fringes.

Cervical-distal region of the distal tooth. Larger area of
stress were observed in Model 4 (Figure 5) and fewer
fringes in Model 2 (Figure 4).

Area between the abutment teeth. Model 2 presented less
favourable performance with more fringes.

Residual ridge. Model 2 showed a more favourable
situation with only one order of fringe.

Loading on the second molar

Apex of the roots. There were two orders of fringes in
Model 2 (Figure 4) and one order of fringe in Model
4 (Figure 5), with lower solicitation of the abutment
teeth.

Cervical-distal region of the distal tooth. Model 2 pre-
sented few fringes in the cervical region of the distal
abutment tooth. Model 4 exhibited large area of
fringes in the ridge near the distal abutment tooth.

Area between the abutment teeth. Model 2 showed a
higher level of stress between the roots of the abut-
ment teeth in comparison to Model 4 (Figure 5).

Residual ridge. Higher stress concentration was
observed in Model 4, with more fringes in the distal
region. Model 2 (Figure 4) presented fewer fringes.

Discussion

The horizontal and distal descending residual ridges
were evaluated in the present study. Theoretically, the
horizontal ridge distributes the forces perpendicularly
to the ridge and toward the long axis of the abutment
tooth, absorbs forces and improves the stress distri-
bution without damage to the supporting structures.
The distal descending ridge was evaluated since this
inclination is commonly reported [15].
Some research used mechanical tests to evaluate

the influence of the ridge of patients wearing FERPD
onmovement of the distal abutment teeth [16,17] and
concluded that the direction and magnitude of forces
are affected by the ridge. Similar results were observed
in the present study since the distal descending ridge
exhibited unsatisfactory stress distribution between
the roots of the distal abutment teeth and their apexes,
which indicates that the FERPD pulls the abutment
teeth with this type of ridge.
A high number of fringes and compressive areas

were observed in the region of the residual ridge that
was represented by extensive red bands in the models
with horizontal ridge. This indicates that this type of
ridge absorbs the resultant forces, while the descend-
ing ridge allows displacement of the FERPD to distal
pulling the distal tooth.
The clasp was analysed in this study since it is the

best biomechanical option for cases of mandibular
Class I [5,18–20,24]. The retention system ERA was
also evaluated since it is a resilient attachment with
easy manipulation and versatility [23].
It was observed that the clasp was more favourable

for distribution of the forces applied on the FERPD to
the supporting structures. This is in agreement with
Chou et al. [19] that used photoelasticity to analyse the
stress transference to the supporting tissue with six
different types of mandibular FERPD without resilient
attachments as the system ERA. However, comparing
prostheses with precision and semi-precision attach-
ment systems and prostheses with clasps submitted to
several simulations of occlusal loads, the RPD with
attachments generated higher stress on the abutment
tooth than the dentures with clasps with the highest
levels for the precision attachment system Stern G/L.
The same author [20] conducted a complementary

study after 2 years using the three-dimensional tech-
nique of stereophotogrammetry to analyse the same
designs of FERPD and determine the movement of
the abutment teeth and the RPD submitted to occlu-
sal loading. It was concluded that the prostheses with
clasps exhibited reduced movement in comparison to
the prostheses with precision and semi-precision
attachment systems.
However, Berg and Caputo [22] used photoelasti-

city and demonstrated that the prosthesis with system
ERA generated better results than the prosthesis with
clasps type ‘I’ and the prosthesis with semi-precision

A B C

Figure 4. Axial load on model 2: (A) 1st premolar; (B) 1st molar;
(C) 2nd molar.

A B C

Figure 5. Axial load on model 4: (A) 1st premolar; (B) 1st molar;
(C) 2nd molar.
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attachment system. The dentures with attachment
systems were tested with and without splinted abut-
ments. However, a maxillary model was used with
periodontally compromised teeth, concluding that the
prosthesis with clasp type ‘I’ presented intermediary
result when teeth were not splinted. The best results
were obtained for the attachment system ERA with
splinting of the remaining teeth.
In the present study, the denture with the system

ERA was more efficient in the model with distal
descending ridge. This ridge inclination allowed
higher movement of the FERPD, which would be
compensated by the resilience of the system. In
the horizontal ridge, which presents higher stability
of the assembly, the denture with the system ERA
overloaded the cervical-distal region of the distal
abutment tooth, probably due to the movement of
parts of the attachment system.

Conclusion

According to the present methodology, it was con-
cluded that:

. The horizontal ridge presented more favourable
performance;

. The dentures with clasp exhibited better perfor-
mance for both ridges evaluated; and

. The denture with the system ERA presented better
results in the distal descending ridge.
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