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Influence of implant number on the movement of mandibular
implant overdentures
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ABSTRACT
Statement of problem. The rotational movement of an implant overdenture (IOD) has a negative
effect on the perceived masticatory ability of the denture wearer. However, the influence of implant
number on the movement of IODs has not been investigated.

Purpose. The purpose of this in vitro study was to evaluate the denture movement of mandibular
IODs anchored by different numbers of implants.

Material and methods. An edentulous mandibular test model with artificial mucosa and 5 experi-
mental overdentures (N=5) was fabricated. The locator attachment systemwith blue nylon inserts was
chosen for this study. Three implant positions were prepared: anterior midline (1-IOD), bilateral lateral
incisor regions (2-IOD), and anterior midline and bilateral canine regions (3-IOD). Vertical loads of 50 N
were applied to the mid-anterior region, the left canine region, the left premolar region, and the left
first molar region. The vertical and horizontal displacements at the right distal edge and the vertical
displacements at the loading point were measured. The displacement values were statistically
analyzed using a 1-way analysis of variance and the post hoc Tukey honest significant difference
test with the implant number as a factor. In addition, the values of the vertical and horizontal
displacements at the distal edge of the overdenture were statistically compared using a paired t
test, and the values of the vertical displacement at the distal edge of the overdenture were
statistically analyzed by a repeated measures analysis of variance and the post hoc Tukey honest
significance difference test with the loading point as a factor (a=.05).

Results. Upon anterior loading, the 2-IOD showed significantly larger vertical displacements at the
right distal edge than the 1-IOD or 3-IOD (P<.01). The horizontal displacements at the right distal
edge were small compared with the vertical displacements at the same point, although the
displacement of the 2-IOD was significantly larger than that of the 1-IOD upon anterior loading
(P=.03). The magnitude of the vertical displacement at the loading point of the 2-IOD was
significantly larger than that of the 3-IOD upon anterior loading (P<.01). No statistically
significant differences were shown under the other conditions for each loading (P>.05).

Conclusions.Within the limitationsof this in vitro study, the following conclusionsweredrawn:During
masticationwith the anterior teeth, the useof 2 implants for anchoring an IOD increased the rotation of
the denture base more than the use of 1 or 3 implants. The horizontal movements of the IODs were
small compared with the vertical movements. Denture movement under the occlusal force in the
molar region was smaller than that in the anterior region. (J Prosthet Dent 2017;117:380-385)
The percentage of elderly in-
dividuals in the population has
been increasing in a number of
countries.1,2 The number of
people with edentulism is
expected to grow with the in-
crease in the older population,3,4

indicating that the demand for
treatment for edentulism will
also increase.

The use of an implant
overdenture (IOD) has been
regarded as an effective treat-
ment option for edentulous
mandibles5,6 and has been
widely used in clinical prac-
tice.7-9 However, the rotational
movement of the IOD has a
negative effect on the perceived
masticatory ability of denture
wearers.10 Thus, rotational
movement must be prevented
to enhance the quality of life of
patients with edentulism.

The number of implants
should be reduced because of
the cost of treatment and the
invasiveness of the operation.
Consensus statements have
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Figure 1. Edentulous mandibular model with silicone artificial mucosa.
Five implant analogs placed in mid-anterior region, bilateral lateral
incisor regions, and bilateral canine regions.

Figure 2. Experimental overdenture and 5 metal caps with blue nylon
inserts (without framework).

Clinical Implications
Mandibular 2-implant overdentures move easily
and rotate around the fulcrum line formed by 2
implants during mastication with the anterior teeth.
The use of 1 or 3 implants may prevent this
movement, improving denture stability and the
masticatory ability of patients with edentulous
mandibles.
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cited strong evidence for the use of 2 implants as an
adequate number to retain a mandibular IOD.5,6 Recently,
an overdenture retained by a single implant placed in the
mid-anterior region (1-IOD) has been used in a clinical
application, and high implant survival rates and high
patient satisfaction have been reported.11-14 Furthermore,
Misch15 proposed that an overdenture retained by 3
implants (3-IOD) produced less force and less prosthesis
movement than that of an overdenture retained by 2
implants (2-IOD). Therefore, the 3-IOD has also been
used as a treatment option for edentulous mandibles.16,17

IOD movement under an occlusal load has been
investigated using an in vitro model that simulates the
intraoral environment. Studies by Manju and Sreelal18 and
Tokuhisa et al19 compared the movements of 2-IODs with
ball, magnet, and bar attachments and reported that the
2-IOD with magnetic attachments showed the most
movement. Haruta et al20 measured the movement of
2-IODs with ball and magnet attachments and reported
that the movement was larger with the ball attachment
than with the magnetic attachment. Maeda et al21

measured the movements of 1-IODs and 2-IODs with
ball and magnet attachments and reported that the
movements of the 1-IODs were larger than those of the
2-IODswith themagnetic attachment. Liu et al22measured
the denture base movement and lateral force on the im-
plants with IODs retained by 1 to 4 implants, using a finite
element model. They concluded that the 2-IOD showed
the largest denture movement and the largest lateral force.

These in vitro studies have focused on the differences
among the attachment systems.18-21 Only the studies by
Maeda et al21 and Liu et al22 compared denture movement
among IODs with different numbers of implants. These
studies reported inconsistent findings. We are unaware of
any study that measures the denture movement of IODs
retained by 1, 2, and 3 implants by using an edentulous
mandibular model. Therefore, whether the number of
implants influences the movement of IODs is not clear.

The purpose of this in vitro study was to evaluate the
movement of mandibular IODs anchored by different
numbers of implants. The null hypothesis was that the
implant number would have no influence on the denture
base movement of mandibular IODs.
Oda et al
MATERIAL AND METHODS

An edentulous mandibular test model was fabricated from
an acrylic resin (Acron Clear; GC Corp). A 3-mm-
thick layer of the model surface was replaced with silicone
impression material (Exahiflex regular; GC Corp) to
simulate the mucosa. The elastic modulus of the silicone
materials was reported to be in the same range as that of
the oral mucosa.23 Five implant replicas (Implant Replica
Internal tri-channel connection RP; Nobel Biocare) were
placed parallel to each other in the anterior midline,
bilateral lateral incisor regions, and bilateral canine
regions (Fig. 1). All tests were performed on this model.

Five experimental overdentures without a metal frame-
work were fabricated from a multipurpose pourable resin
(Procast DSP clear; GC Corp). Locator attachment systems
were chosen for this study. Fivemetal caps (metal cap;Nobel
Biocare) and blue nylon inserts (Extra Light Retention
ReplacementMale [blue]; Nobel Biocare) were incorporated
into the intaglio surface in the anterior midline, bilateral
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 3. Implant positions. A, Single implant in mid-anterior region
(1-IOD). B, Two implants in bilateral lateral incisor regions (2-IOD). C, Three
implants in mid-anterior region and bilateral canine regions (3-IOD).

Figure 4. Loading points and denture base movement. Loading points
in mid-anterior region (Anterior), left canine region (Canine), left
premolar region (Premolar), and left molar region (Molar). Two types of
denture base movement were measured: horizontal (X) and vertical (Y)
displacement of right distal edge.
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lateral incisor regions, and bilateral canine regions of each
overdenture (Fig. 2). Three implant positions were prepared
at the anteriormidline (1-IOD), the lateral incisor regions (2-
IOD), and the midline and canine regions (3-IOD) (Fig. 3).
These implant positionswere reproduced on themandibular
model by changing the position of the locator abutments.
THE JOURNAL OF PROSTHETIC DENTISTRY
Loading tests were performed using a universal testing
machine (InstronModel 5544; Instron Corp). Vertical loads
of 50 N, reported to be the average occlusal force in pa-
tients with edentulism,24 were applied on the occlusal
surface of the experimental overdentures. The loading
points were the mid-anterior region; the mid-anterior
point of the denture base, in the left canine region; 14
mm apart from the mid-anterior point, in the left premolar
region; 10 mm apart from the canine point and left first
molar region; and 10 mm apart from the premolar point.
The load was applied with a 5-mm-diameter acrylic ball.
The vertical and horizontal displacements at the right distal
edge of the overdenture and the vertical displacement at
the loading point were measured under each loading
condition (Fig. 4). The vertical and horizontal displace-
ments at the right distal edge were measured with move-
ment sensors that apply strain gauges (DTH-A-5; Kyowa
Electronic Instruments Co Ltd) (Fig. 5). The movement
sensors were placed at the right distal edge and connected
to a computer with sensor interface boards (PCD300A;
Kyowa Electronic Instruments Co Ltd). The vertical dis-
placements at the loading point were recorded by the
universal testing machine at the same time as loading.

The displacement values were statistically analyzed
using multiple comparison 1-way analysis of variance
(ANOVA) and post hoc Tukey honest significant differ-
ence (HSD) test with the number of implants as a factor.
In addition, the vertical and horizontal displacement
values at the distal edge of the overdenture were
statistically compared using the paired t test, and the
values of the vertical displacement at the distal edge of the
overdenture were statistically analyzed by repeated mea-
sures ANOVA and post hoc Tukey HSD test, using the
loading point as a factor (SPSS Statistics v17.0; SPSS Inc)
(a=.05).
Oda et al



Figure 5. Positions of movement sensors. A, Horizontal direction. B, Vertical direction.

Table 1.Mean ±SD of vertical displacement at right distal edge of
overdenture (mm)

Loading
Point 1-IOD 2-IOD 3-IOD P

Anterior 0.65 ±0.09 1.06 ±0.08 0.64 ±0.08 1-IOD versus 2-IOD: <.01*

2-IOD versus 3-IOD: <.01*

1-IOD versus 3-IOD: .99

Canine 0.87 ±0.25 0.97 ±0.34 0.75 ±0.11 1-IOD versus 2-IOD: .78

2-IOD versus 3-IOD: .36

1-IOD versus 3-IOD: .74

Premolar 0.22 ±0.08 0.27 ±0.15 0.15 ±0.07 1-IOD versus 2-IOD: .68

2-IOD versus 3-IOD: .20

1-IOD versus 3-IOD: .59

Molar 0.05 ±0.02 0.03 ±0.02 0.03 ±0.03 1-IOD versus 2-IOD: .26

2-IOD versus 3-IOD: .99

1-IOD versus 3-IOD: .28

IOD, implant overdenture. *P<.05 Tukey honest significant difference test.

Table 2.Mean ±SD of horizontal displacement at right distal edge of
overdenture (mm)

Loading
point 1-IOD 2-IOD 3-IOD P

Anterior -0.01 ±0.04 0.07 ±0.05 0.04 ±0.04 1-IOD versus 2-IOD: .03*

2-IOD versus 3-IOD: .58

1-IOD versus 3-IOD: .18

Canine -0.07 ±0.02 -0.04 ±0.03 -0.05 ±0.03 1-IOD versus 2-IOD: .17

2-IOD versus 3-IOD: .56

1-IOD versus 3-IOD: .65

Premolar -0.06 ±0.0 -0.06 ±0.04 -0.06 ±0.02 1-IOD versus 2-IOD: .96

2-IOD versus 3-IOD: >.99

1-IOD versus 3-IOD: .96

Molar -0.05 ±0.04 -0.09 ±0.03 -0.07 ±0.02 1-IOD versus 2-IOD: .13

2-IOD versus 3-IOD: .41

1-IOD versus 3-IOD: .72

IOD, implant overdenture. *P<.05 Tukey honest significant difference test.

Table 3. Comparison of mean ±SD vertical versus horizontal displace-
ment on all loadings (mm)

Type of IOD

Displacement Direction

PVertical Horizontal

1-IOD 0.44 ±0.36 -0.05 ±0.04 <.01*

2-IOD 0.58 ±0.49 -0.03 ±0.07 <.01*

3-IOD 0.39 ±0.33 -0.04 ±0.05 <.01*

IOD, implant overdenture. *P<.05 paired t test.

Table 4.Mean ±SD of vertical displacement at loading point of
overdenture (mm)

Loading
point 1-IOD 2-IOD 3-IOD P

Anterior -0.80 ±0.09 -0.99 ±0.13 -0.66 ±0.13 1-IOD versus 2-IOD: .05

2-IOD versus 3-IOD: <.01a

1-IOD versus 3-IOD: .16

Canine -0.77 ±0.09 -0.65 ±0.14 -0.64 ±0.10 1-IOD versus 2-IOD: .23

2-IOD versus 3-IOD: .99

1-IOD versus 3-IOD: .21

Premolar -0.52 ±0.13 -0.49 ±0.08 -0.39 ±0.03 1-IOD versus 2-IOD: .83

2-IOD versus 3-IOD: .20

1-IOD versus 3-IOD: .07

Molar -0.61 ±0.10 -0.54 ±0.13 -0.48 ±0.07 1-IOD versus 2-IOD: .53

2-IOD versus 3-IOD: .57

1-IOD versus 3-IOD: .12

IOD, implant overdenture. aP<.05 Tukey honest significant difference test.
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RESULTS

Table 1 shows the average vertical displacement at the right
distal edge of the overdenture. The 2-IOD showed
significantly larger displacements than the 1-IOD or the 3-
IOD on anterior loading (P<.01). The displacement
resulting from anterior and canine loading was slightly
larger than that resulting frompremolar andmolar loading,
but the differences were not statistically significant (P>.05).

Table 2 shows the average horizontal displacement at
the right distal edge of the overdenture. The horizontal
displacement of the 2-IOD was significantly larger than
Oda et al
that of the 1-IOD upon anterior loading (P=.03).
Furthermore, statistically significant differences were not
detected under the other conditions. However, regardless
of the loading point, the horizontal displacements were
THE JOURNAL OF PROSTHETIC DENTISTRY



Table 5.Mean ±SD of vertical displacement at right distal edge of
overdenture upon each loading point (mm)

Loading Point P

Anterior 0.78 ±0.22 A versus C: .59

Canine 0.86 ±0.25 A versus P: <.01*

Premolar 0.21 ±0.11 A versus M: <.01*

Molar 0.03 ±0.02 C versus P: <.01*

C versus M: <.01*

P versus M: <.04*

A, anterior loading; C, canine; IOD, implant overdenture; M, molar; P, premolar. *P<.05
Tukey honest significant difference test.
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small compared with the vertical displacements at all
implant positions (P<.01) (Table 3).

Table 4 indicates the vertical displacement of the over-
denture at the loading point. The magnitude of the
displacement of the 2-IOD at the loading point
was significantly larger than that of the 3-IODuponanterior
loading (P< .01), while no statistically significant differences
were observed under the other conditions (P>.05).

Table 5 shows the average of all vertical displace-
ments at the distal edge of the overdenture on each
loading point. Statistically significant differences existed
among all loading points (P<.05), except between ante-
rior and canine loading. The value of the displacements
on molar loading was the smallest, followed by premolar,
canine, and anterior loading.

DISCUSSION

The results of this study support the hypothesis that the
implant number affects the denture base movement of a
mandibular IOD upon anterior loading. The null hy-
pothesis of the study was rejected for anterior loading but
not for canine, premolar, and molar loading.
Figure 6. Denture base movement in vertical direction. A, Overdenture rotat
with molar loading.

THE JOURNAL OF PROSTHETIC DENTISTRY
The 2-IOD showed significantly larger vertical dis-
placements at the right distal edge than the 1-IOD upon
anterior loading, which is in agreement with previous
research using a finite element model.22 This result may
be because the 2-IOD rotated easily around the fulcrum
line formed between the 2 implants. By contrast, the
1-IOD rotated little because of the proper fit between the
denture base and the edentulous mandibular model used
in this study and because the 1-IOD showed smaller
vertical displacements. Under actual oral conditions, the
1-IOD may allow complex denture movements because a
single implant cannot limit the direction of movement.
The experimental overdentures had an appropriate
fit with the alveolar ridge in this in vitro study, preventing
denture rotation under occlusal loading. The 1-IOD may
be an effective treatment option for the edentulous
mandible, with a low cost and reduced invasiveness.

The vertical displacement of the 3-IOD at the right
distal edge upon anterior loading was significantly
smaller than that of the 2-IOD, supporting the proposal
of Mericske-Stern et al25 that the use of 3 or more
implants prevents denture rotation. Denture base
rotation has a negative effect on perceived masticatory
ability and patient satisfaction10 and must be minimized.
The 3-IOD treatment may be more effective than that of
2-IOD for patients with edentulism to prevent denture
rotation if the cost and invasiveness required for 3
implants are acceptable.

Regardless of the implant number, upon anterior and
canine loading, the vertical displacements at the right
distal edge and the loading point of the overdenture
suggest that the IODwas pressed into the mandible at the
loading point and raised above it at the distal edge. This
resulted in rotation around the implant. In contrast, upon
ed around implants on anterior loading. B, Minimal overdenture rotation

Oda et al
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premolar and molar loading, although the IOD was
pressed into the mandible at the loading point, the IOD
hardly rotated and was slightly raised at the distal edge
(Fig. 6). The denture-bearing area of the molar region is
larger than that of the anterior region and resisted occlusal
forcemore strongly. Therefore, the IODhardly rotated and
was slightly raised in the distal region. The horizontal
displacements at the right distal edge measured in this
study were small; therefore, they hardly affected denture
stability. This study suggests that the IOD moved mainly
in a vertical direction on anterior loading, simulating the
incising of food with the anterior teeth. To prevent this
movement, an IOD should not be given definitive occlusal
contacts in the anterior area.

The actual denture movement in a patient’s oral cavity
is not same as that observed in in vitro mandibular
models, and denture movements should be measured in
the actual oral cavity. However, measuring denture
movement intraorally is difficult as the denture move-
ment is smaller than the movement of the mandible
during mastication. Therefore, denture movement was
measured using a simple model which could not
completely simulate clinical situations such as behavior of
the occlusal load. In addition, the success of the IOD
treatment depends on complex factors such as force
applied to the implants, retention of dentures, and
prosthodontic complications. Further studies investi-
gating these factors are required.

CONCLUSIONS

Within the limitations of this in vitro study, the following
conclusions were drawn:

1. The use of 2 implants for anchoring an IOD results
in easier rotation of the denture base during
mastication with the anterior teeth than the use of
1 or 3 implants.

2. The horizontal movements of IODs are small
compared with the vertical movements.

3. Denture movement under occlusal force in the
molar region is small compared with that in the
anterior region.
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