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Abstract

Objective: Distal extension removable partial denture is a prosthesis with lack of distal
dental support with a 13-fold difference in resiliency between the mucosa and the peri-
odontal ligament, resulting in leverage during compression forces. It may be potentially
destructive to the abutments and the surrounding tissues. The aim of this study was to as-
sess the effect of implant location on stress distribution, in distal extension implant as-
sisted removable partial dentures.

Materials and Methods: Three-dimensional models of a bilateral distal extension partial-
ly edentulous mandible containing anterior teeth and first premolar in both sides of the
arch, a partial removable denture and an implant (4x10mm) were designed. With the aid
of the finite element program ANSY'S 8.0, the models were meshed and strictly vertical
forces of 10 N were applied to each cusp tip. Displacement and von Mises Maps were
plotted for visualization of results.

Results: When an implant was placed in the second premolar region, the highest stress on
implant, abutment tooth and cancellous bone was shown. The lowest stress was shown on
implant and bone in the 1% molar area.

Conclusion: Implants located in the first molar area showed the least distribution of
stresses in the analyzed models.
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INTRODUCTION

surrounding tissues [1]. Common problems

A distal extension removable partial denture
(DERPD) presents many problems [1]. Lack
of distal dental support and a 13-fold differ-
ence in resiliency between the mucosa and the
periodontal ligament, result in the formation of
levers during compression forces that are po-
tentially destructive to the abutments and the
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associated with Kennedy class | (bilateral dis-
tal extension) and Il (unilateral distal exten-
sion) removable partial dentures are lack of
stability, minimal retention, un-esthetic reten-
tive clasping, and discomfort upon loading [2].
In order to control the loads and distribute
them among the teeth and mucosa of the resi-
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dual ridge, it is suggested to make functional
molding, extending the prosthetic base within
the physiological limits of each patient, peri-
odic re-basing of the prosthetic seat, and in-
corporating clasps or attachments [3]. All
these methods seek the aim of distributing
loads as axially as possible on the supporting
teeth, which theoretically, would distribute the
loads originated at occlusion to the supporting
structures in the most physiological and uni-
form manner [3-4]. For many years, conven-
tional RPD's have been the only option availa-
ble for partially edentulous patients; however,
through the advent of osseointegrated im-
plants, treatment alternatives for patients with
this profile have improved tremendously. The
most outstanding merit of a fixed implant sup-
ported prosthesis over the other implant op-
tions is the psychological advantage of being a
fixed versus removable over-denture prosthe-
sis. Yet, many cases may still benefit from
removable dentures, functionally and finan-
cially. In such cases, eliminating the lever
movement in distal extension edentulous areas
by implant incorporation could be a promising
treatment plan to achieve comfort and stabili-
ty. The incorporation of different resilient at-
tachments may also improve retention and
quality of force distribution and enhance the
aesthetics by avoiding the buccal retentive
clasps. On the other hand, implant assisted
RPDs in partially edentulous patients with
missing mandibular premolars and molars,
opposing maxillary conventional denture can
successfully prevent the occurrence of combi-
nation syndrome, by stabilizing the posterior
occlusion [5-8]. However, there is a paucity of
studies concerning the combination of im-
plants and RPDs. Three-dimensional finite
element method (FEM), is a reliable method to
examine complex mechanical behaviors of
dental structures and their surroundings.

FEM was introduced to solve structural me-
chanical problems and is now applied in denti-
stry to determine the behavior parameters in
response to loading complex structures.
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The complexity of the oral environment makes
it almost impossible to use other research me-
thods for stress distribution assessment. Nev-
ertheless, usefulness of FEM in designing and
analyzing dental problems has been estab-
lished [9-10].

The aim of this study was to assess the influ-
ence of an osseointegrated implant location on
stress distribution around it, the abutment
tooth, cortical and spongy bone and residual
soft tissue, in mandibular Kennedy Class I
cases, via 3D FEM.

MATERIALS AND METHODS

Models:

In this study, Solid Works 2006 (Solid-
works, Massachusetts, USA) was selected
for the modeling phase. The models were de-
signed in a top-to-bottom manner. Three-
dimensional models of a bilateral distal exten-
sion partially edentulous mandible were de-
signed. In this way, 3 models, containing gin-
givae, cortical bone (1 mm thick), spongy
bone, anterior teeth and first premolars bilate-
rally, with PDLs of uniform thickness (0.25
mm), a partial removable denture to replace
posterior teeth and an implant (4x10mm) were
designed (Figure 1).

Each model differed from the other in implant
location:

Model A (MA): Presenting a conventional
DERPD with implant located in the region of
mandibular second molar.

Model B (MB): Similar to MA with implant
located in the region of mandibular first molar.
Model C (MC): Similar to MA with implant
located in the region of mandibular second
premolar.

The partial denture saddle area extended to the
second molar area with a distal guiding plane
and a mesial rest on the first premolar teeth on
both sides.

Loading was 10 N at each tooth location (on
the second molar, the first molar, the second
premolar, and the first premolar) in the vertic-
al direction [1].
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Fig 1. Model A, Model B and Model C.

Programming:

For finite element analysis, we transferred the
models for calculation to the ANSYS Work-
bench Ver. 11.0 (ANSYS Inc. (ANSYS
Inc., Cononsburg, USA). All the living
tissues were presumed elastic, homogeneous
and isotropic. The corresponding elastic prop-
erties such as Young’s modulus and Poisson’s
ratio were determined according to recent re-
search (Table 1) [11].

The elastic modulus and Poisson’s ratio of the
materials were defined. The models were
meshed, between 21407 and 29568 nodes; be-
tween 11206 and 15658 10-node-quadratic
tetrahedron body elements and between 5129
and 7371 contact elements (Figure 2). As
boundary condition, all nodes at the base of
the models were restrained so that all rigid bo-
dily motions were prevented.

Boundary Conditions:

The displacements were restrained at the distal
ends of the mandible and the bottom of the
symphysis. In this way, the structures were
free to displace under loading and react with
their adjacent structures through their con-
tracts.

RESULTS

Implant stress:

The stress transferred to implants was 14.585
MPa in the second molar region (MA), 13.108
MPa in the first molar region (MB) and 16.02
MPa in the second premolar region (MC).

First premolar stress:

Analyzing the stress on first premolar abut-
ment tooth showed that the stress directed to
the terminal abutment tooth was 0.10676 MPa
in MA, 0.10726 MPa in MB and 0.12789 MPa
in MC.

Cortical bone stress:

Analyzing the stress on cortical bone showed
that the stress level was 5.3717 MPa in MC,
4.1985 MPa in MB and 4.4047 MPa in MA.

Spongy bone stress -

Analyzing the stress on spongy bone showed
that the stress was 1.1199 MPa in MC, 1.1296
MPa in MB and 1.1963MPa in MA.

Gingival stress:
Stress was applied to the mesial and distal
gingiva of each implant; 10 points with equal

Table 1. Mechanical properties of the incorporated materials

Young’s Modulus (MPa)

Poisson’s Ratio

Tooth 20300
S bone 13400
C bone 34000
PDL 0.668
Gingivae 19.06
Co-Cr 218000
Ti 96000

0.26
0.38
0.26
0.49

0.3

0.3
0.36
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Fig 2. The meshed model
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Fig 3. Assessment of 10 points for stress probing in the residual soft tissue ridge.

Based on the positive results observed on
the evolution of osseo-integrated implants,
the association of removable dentures with
dental implants becomes an alternative for
partially edentulous patients. Although this
treatment option reduces the tensions on ter-
minal abutment teeth of removable partial
dentures, this remains a controversial issue

distance were selected and probed for stress

amount.
As illustrated (Figure 3), the least soft tissue

stress measured was seen when the implant
was in the first molar area.

DISCUSSION
Distal-extension removable partial dentures
[11].

are complicated biomechanically.
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Fig 4. Stress contours when the implant was in the second premolar area.
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Fig 5. Stress contours when the implant was in the first molar area.
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Fig 6. Stress contours when the implant was in the second molar location.

In this study, the influence of implant location
on DERPD was assessed. Implants were
placed in 3 different locations. The highest
stress on implant, abutment tooth and cortical
bone was in the second premolar area, al-
though the stress on spongy bone was the low-
est (Figure 4).
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An implant placed in the first molar area
showed the lowest stress on the implant, cor-
tical bone and soft tissue. However, the stress
on the abutment tooth with implant at tooth 6
or 7 was not significant (Figure 5).

When the implant was placed in the second
molar area, the stress on the spongy bone and
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soft tissue was the highest among all models;
but, other stress analyses showed that an in-
termediate stress condition existed when the
implant was in the second molar location
(Figure 6).

In this study, the stress on the residual ridge
soft tissue at the mesial and distal areas of
each implant was evaluated, and the lowest
stress was seen when the implant was placed
in the first molar region and the highest stress
was observed when the implant was placed in
the second molar area (Figure 3).

Despite articles that have been published in
the field of implant assisted RPDs, controver-
sies still exist in this regard. Although a lot of
advantages have been mentioned for this
treatment option, there are still some studies in
which, no merit has been proven.

Verri et al. (2007) assessed the influence of
the occlusion force, through finite element
analysis, and verified that there was no reduc-
tion in the tension forces on the abutment teeth
in distal-extension removable dentures with
implants [12].

Kuzmanovic et al. (2004) showed promising
results in Kennedy Class | partially edentulous
cases who had been rehabilitated by remova-
ble dentures and bilateral posterior implants.
No complications were found at the two-year
follow up [13].

Mitrani et al. (2003) evaluated 10 Kennedy
class | and Il partially edentulous patients for
4 years. To assess the patients’ satisfaction,
physical, clinical, and radiographic examina-
tions were done. In addition to satisfaction,
small attachment wear and minimal radio-
graphic peri-implant bone loss were reported
[14]. One of the most challenging aspects of
removable partial dentures, especially in distal
extension types, is denture displacement.
Based on some studies implant placement for
RPDs relieves the pressure on soft tissues,
and minimizes denture displacement [14-17].
As a result, less bone resorption, less rebasing
and less tension on precision attachments are
expected. According to Ohcubo et al, (2004)
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implant placement at the distal edentulous
ridge can prevent denture displacement of the
distal extension bases. They also noted that
implant placement reduced pressure at the dis-
tal regions (#36 and 46) compared with the
mesial regions (#34 and #44). The tendency to
shift the pressure distribution to the soft tis-
sues changes from Classes | and Il situations
to Class Ill. The pressure differences of the
edentulous ridge on the 2-mm soft tissue
tended to be greater than on 1-mm tissue for
both the ISRPD and the CRPD. This relation-
ship made it clear that the effectiveness of im-
plant placement in the thick soft tissue (2 mm)
is greater than for the thin soft tissue (1 mm).
However, the pressure on implants placed in
the thicker soft tissue is also greater [18].

In a more recent study, Ohcubo et al, in 2007
fabricated a model simulating a mandibular
bilateral distal extension prosthesis and at-
tached 5 pressure sensors near the left and
right first molars (#36 and #46), first premo-
lars (#34 and #44) and medio-lingual alveolar
crest. Five conventional Co-Cr frameworks for
bilateral distal extension RPDs were fabri-
cated. Results showed less pressure on both
thin and thick soft tissues, at #36, #46 and the
medio-lingual alveolar crest from the implant-
supported RPD than from the conventional
RPD (P <0.05). Pressure difference on #34
and #44 between the two RPDs was not signif-
icant (P >0.05). On the other hand, denture
displacement of the implant- supported RPD
was significantly less than the conventional
denture group (P <0.05) [19].

Verri et al, in 2007 concluded that increasing
the length and diameter of the implant greatly
reduced the displacement of distal extension
removable partial denture [12]. According to
Cunha et al, in 2008 the maximum stress was
observed on implant in all situations.

But relocating the implant closer to the abut-
ment tooth influenced stress distribution posi-
tively [20].

With regard to implant location, distally
placed implants were used to transform Ken-
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nedy Class I in the mandible to a more favora-
ble arch configuration, namely Kennedy Class
I11. Finite element analysis, however, showed
more tendency to displacement when implants
were placed in a second molar position, and
suggested a more central position in the arch
(i.e. first molar region); which correlates with
our result [21]. On the other hand, Ohkubo et
al. showed that implant placement in the
second molar region reduced the distal place-
ment and bone resorption [19]. Likewise,
Grossmann et al. recommended a second mo-
lar location for the implant to enhance support
and stability and suggested placing the implant
adjacent to the distal abutment in case of in-
adequate posterior alveolar ridge; stating the
possibility for future use for a fixed implant-
supported prosthesis or improving aesthetics
by avoiding the use of a retentive clasp [22].

CONCLUSION

Within the limitations of this finite element
study, the best implant location for implant
assisted distal extension RPDs, in regard with
stress distribution around terminal tooth, cor-
tical bone, residual ridge and implant itself,
would be the first molar region. Due to the
complexity of the oral environment, simplifi-
cation is inevitable in finite element modeling.
Therefore, generalizing the research findings
to clinical conditions can be difficult.

Thus, further research is recommended in or-
der to gain a more accurate clinical guideline.

REFERENCES

1- Cunha LD, Pellizzer EP, Verri FR, Pereira
JA. Evaluation of the influence of location of
osseointegrated implants associated with man-
dibular removable partial dentures. Implant
Dent. 2008 Sep;17(3):278-87. doi:
10.1097/1D.0b013e31818363b2.

2- Tebrock OC, Rohen RM, Fenster RK, Pel-
leu GB Jr. The effect of various clasping sys-
tems on the mobility of abutment teeth for dis-
tal-extension removable partial dentures. J
Prosthet Dent. 1979 May;41(5):511-6.

www.jdt.tums.ac.ir September 2014; Vol. 11, No. 5

3- Craig RG, Farah JW. Stresses from loading
distal-extension removable partial dentures. J
Prosthet Dent. 1978 Mar;39(3):274-7.

4- Branemark PI. Osseointegration and its ex-
perimental background. J Prosthet Dent. 1983
Sep;50(3):399-410.

5- Keltjens HM, Kayser AF, Hertel R, Battis-
tuzzi PG. Distal extension removable partial
dentures supported by implants and residual
teeth: considerations and case reports. Int J
Oral Maxillofac Implants. 1993;8(2):208-13.
6- Cordioli G, Majzoub Z, Castagna S. Man-
dibular over dentures anchored to single im-
plants: a five-year prospective study. J Pros-
thet Dent. 1997 Aug;78(2):159-65.

7- Maeda Y, Sogo M, Tsutsumi S. Efficacy of
a posterior implant support for extra shortened
dental arches: a biomechanical model analysis.
J Oral Rehabil. 2005 Sep;32(9):656-60.

8- Wright KW, Yettram AL. Reactive force
distributions for teeth when loaded singly and
when used as fixed partial denture abutments.
J Prosthet Dent. 1979 Oct;42(4):411-6.

9- Atmaram GH, Mohammed H. Estimation of
physiologic stresses with a nature tooth con-
sidering fibrous PDL structure. J Dent Res.
1981 May;60(5):873-7.

10- Geramy A. Faghihi SH. Secondary trauma
from occlusion: 3D analysis using Finite Ele-
ment method. Quintessence Int. 2004 Nov-
Dec;35(10):835-43.

11- Silva M, Consani R.Association between
implants and removable partial dentures: re-
view of the literature. RSBO. 2011 Jan-Mar;
8(1):97-101.

12- Verri FR, Pellizzer EP, Rocha EP, Pereira
JA. Influence of length and diameter of im-
plants Influence of length and diameter of im-
plants associated with distal extension remov-
able partial dentures. Implant Dent. 2007
Sep;16(3):270-80.

13- Kordatzis K, Wright PS, Meijer HJ. Post-
erior Mandibular Residual Ridge Resorption
in Patients with Conventional Dentures and
Implant Overdentures. Int J Oral Maxillofac
Implants. 2003 May-Jun;18(3):447-52.

529



Journal of Dentistry, Tehran University of Medical Sciences

Memari et. al

14- Kuzmanovic DV, Payne AG, Purton
DG. Distal implants to modify the Kennedy
classification of a removable partial denture: a
clinical report. J Prosthet Dent. 2004
Jul;92(1):8-11.

15- Mitrani R, Brudvik JS, Phillips KM. Post-
erior implants for distal extension removable
prostheses: a retrospective study. Int J Peri-
odontics Restorative Dent. 2003
Aug;23(4):353-9.

16- Kapur K.K. Veterans Administration co-
operative dental implant study—Comparison
between fixed partial dentures supported by
blade-vent implants and removable partial
dentures. Part Il1l: Comparison between two
treatment modalities. J Prosthet Dent. 1991,
62:272-283.

17- Ben-Ur Z, Aviv |, Maharshak B. Factors
affecting displacement of free-end saddle re-
movable partial dentures. Quintessence Int.
1991 Jan;22(1):23-7.

18- Kelly E. Changes caused by a mandibular
removable partial denture opposing a mandi-
bular complete denture. J Prosthet Dent. 1972
Feb;27(2):140-50.

530

19- Ohkubo C, Sato J, Hosoi T, Kurtz KS. O-
ring attachments for transitional implant-
retained overdentures. J Prosthet Dent. 2004
Feb;91(2):195-7.

20- Ohkubo C, Kurihara D, Shimpo H, Suzuki
Y, Kokubo Y, Hosoi T. Effect of implant sup-
port on distal extension removable partial den-
tures: in vitro assessment J Oral Rehabil. 2007
Jan;34(1):52-6.

21- Cunha LD, Pellizzer EP, Verri FR, Pereira
JA. Evaluation of the influence of location of
osseointegrated implants associated with man-
dibular removable partial dentures Implant
Dent. 2008 Sep;17(3):278-87. doi:
10.1097/1D.0b013e31818363b2.

22- Amet EM. A unique method of combining
teeth and endosseous implants for a stable re-
movable prosthesis. J Oral Implantol.
1993;19(3):216-20.

23- Grossmann Y, Nissan J, Levin L. Clinical
effectiveness of implant-supported removable
partial dentures: a review of the literature and
retrospective case evaluation. J Oral Maxillo-
fac Surg. 2009 Sep;67(9):1941-6. doi:
10.1016/j.joms.2009.04.081.

www.jdt.tums.ac.ir September 2014; Vol. 11, No. 5



