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Purpose. To investigate the eﬀect of minidental implant location on strain distributions transmitted to tooth abutments and dental
minidental implants under mandibular distal extension removable partial denture. Materials and Methods. A mandibular
Kennedy Class I distal extension model missing teeth 35–37 and 45–47 was constructed. Six dental mini-implants were placed at
positions A, B, and C, where position A was 6.5 mm distal to the abutment teeth with 5 mm between each position. Fourteen
uniaxial strain gauges were bonded on the model at the region of dental mini-implant and abutment (ﬁrst premolar). Four groups
were designated according to the location of the mini-implants. A load of 150 N and 200 N was applied using an Instron testing
machine. Loadings consisted of bilateral and unilateral loading. Comparisons of the mean microstrains among all strain gauges in
all situations were analyzed. Results. Variation in mini-implant locations induced local strains in diﬀerent areas. Strains at the
tooth abutment were signiﬁcantly decreased in the group in which implants were placed mesially. Strains around the miniimplants showed diﬀerent patterns when loaded with diﬀerent loading conditions. The group in which implants were placed
distally showed the lowest strains compared to other groups. Conclusion. Mesially placed mini-implants showed the lowest strain
around abutment teeth, while a distally-placed mini-implants presented the lowest strain around mini-implants themselves.
Under favorable biting force, mini-implant is an option to assist mandibular distal extension removable partial denture. Mesially
placed mini-implants are recommended when the abutment has periodontally compromised conditions and a distally placed
mini-implant when periodontal conditions are stable.

1. Introduction
To replace missing teeth with removable partial dentures
(RPDs) is an option, especially when the area of missing
teeth is a long-span arch or distal free-end extension.
However, teeth and soft tissue diﬀer in resilience. The soft
tissue under load has a displacement range of 350–500 µm,
whereas teeth have 20 µm at the same loading [1]. For this
reason, when force is applied to prostheses in the posterior

area, the prostheses are usually displaced toward the soft
tissue. As a result of prostheses being displaced toward the
soft tissue, the residual ridge sustains trauma due to heavy
torsional stress from denture movement. The combination
of removable partial dentures and implants may reduce
vertical displacement of the prosthesis, providing signiﬁcantly greater amounts of force and decreased stress around
abutment teeth when compared with conventional removable partial dentures [2, 3].
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Many factors, such as surface treatment, type, number,
length, diameter, and location of implants, inﬂuence force
transfer and subsequent stress distribution around the
marginal bone level of implants and implant components
[4, 5]. As regards the location of implants, several studies
have examined RPDs combined with standard implants
using ﬁnite element analysis (FEA) and strain gauge analysis.
Those studies revealed that RPDs assisted by implants located mesially in the edentulous space demonstrated the
highest stresses around the implants and the abutment teeth
[6–8].
In some edentulous areas that have limitations, such as
inadequate bone volume, length, and height of the ridge,
dental mini-implants are recommended instead of standard implants. Dental mini-implants are easy to place,
have low cost, and use minimally invasive surgical procedures [9]. However, the implant diameter has an inﬂuence on stress distribution along the bone-implant
interface, as investigated by Misch and Bidez [10]. Implant
diameter has a greater eﬀect on stress distribution in bone
than does implant length or geometry [11]. Many reports
indicate that an increase in implant diameter decreases the
maximum stress around the implant neck [11–14]. Widerdiameter implants have increased surface area. Thus,
wider implants can distribute force through greater surface areas [10]. In ﬁxed partial dentures, dental miniimplants have greater strain values than standard supporting implants [15]. In complete denture, the use of a
low number of minidental implants tends to produce low
strain values in the retromolar denture-bearing area and
around the terminal MDIs during posterior loadings [16].
Nevertheless, there is no study to date on dental miniimplants combined with removable partial dentures.
Therefore, the purpose of this study was to analyze strain
distribution on the ﬁrst premolar abutments, on the
simulated bone to the mesial and distal sides of dental
mini-implants, and on the end-surface of the model under
implant-retained mandibular Kennedy Class I removable
partial dentures in various locations.

2. Materials and Methods
A mandibular Kennedy Class I bilateral distal extension
model missing teeth 35–37 and 45–47 was constructed of
two components: self-polymerizing acrylic (Vertex Self
Curing, Soesterberg, Netherlands) and silicone (GI Mask,
Coltene, Madrid, Spain). The self-polymerizing acrylic
simulated hard tissue. The model was covered with a silicone
layer that simulated human soft tissue. The ranges of Shore
hardness A of silicone material (14 to 16) are similar to that
of human soft tissue (16 to 21) [17]. The thickness of the
silicone material was 2 mm. The 34–44 artiﬁcial teeth (PEANA002 ; Nissin, Kyoto, Japan) had an artiﬁcial periodontal ligament, which was simulated by silicone impression material (GI Mask). The thickness of PDL
substitutes was between 0.25 and 0.3 mm [18]. The conventional cobalt-chrome-molybdenum Kennedy Class I
RPD was fabricated to the model. The RPD was composed of
a lingual bar and rest-proximal plate–Akers clasps on both
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ﬁrst premolar abutments. The free-end saddles were fabricated to the occlusal rim using acrylic resin.
Six dental mini-implants (size 2.75 × 10 mm, PW+,
Nakhon Pathom, Thailand) were placed at positions A, B,
and C, where position A was 6.5 mm distal to the abutment
with 5 mm between each position and the other.
Fourteen uniaxial strain gauges were used to make the
measurements in this study (Figure 1). Twelve strain gauges
(KFG-1N-120-C1-11N50C2; Kyowa Electronic Instruments
Co, Ltd, Tokyo, Japan) were bonded on the mesial and distal
surfaces of the model adjacent to the ﬁrst thread region of
each dental mini-implant, 1 mm away from the implant
body and perpendicular to the occlusal plane with a thin ﬁlm
of methyl-2-cyanoacrylate resin. Two strain gauges were
bonded on the buccal surface and parallel to the long axis of
the primary abutment (ﬁrst premolar).
Four groups were designated according to the location of
the dental mini-implants (Figure 2):
Group 1: a conventional distal extension RPD,
replacing 35–37 and 45–47.
Group 2: a conventional distal extension RPD with
dental mini-implant at position A
Group 3: a conventional distal extension RPD with
dental mini-implant at position B.
Group 4: a conventional distal extension RPD with
dental mini-implant at position C.
Retentive caps with a diameter of 4.4 mm and that required a removal force of 0.6 kg (Ø 4.4 × 0.6 kg) were selected. When testing Group 1, all abutments (equator) of
dental mini-implants were removed. In Groups 2, 3, and 4,
as in Group 1, the abutments of dental mini-implants that
were not tested were removed. Equator attachments were
placed on the implants that were tested.
A load of 150 N and 200 N were applied at a crosshead
speed of 0.05 mm/sec for 15 seconds using an Instron
universal testing machine (Instron, Norwood, MA, USA)
[19]. Loadings consisted of bilateral loading and unilateral
loading. A bilateral loading was applied on four points: at the
center point between positions A and B and B and C on each
side. Four stainless steel balls (4.0 mm in diameter) were
located on these points on the acrylic occlusal rim and
soldered to a wide brass plate (approximately 6 cm × 3 cm x
0.5 cm). For central loading, another stainless steel ball
(12.5 mm in diameter) was attached at the center of the plate
[20].
For unilateral loading (performed on each side), two
stainless steel balls were positioned at the center points
between positions A and B and B and C on one side and were
soldered to a narrow brass plate (approximately
1.5 cm × 3 cm x 0.5 cm). Another four stainless steel balls
were placed on the opposite side (Figure 3). To oﬀer sufﬁcient statistical power, each loading condition was repeated
9 times [8]. Before each loading, all of the strain gauges were
set at zero.
Data were collected for microstrain values by each strain
gauge and presented as mean and standard deviation (SD)
values. The signiﬁcance level was set at P ≤ 0.05. Statistical
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Figure 1: (a) Dental mini-implant attached to a strain gauge. (b) Model labeled with the locations of strain gauges.
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Figure 2: Model of mandibular Kennedy Class I bilateral distal
extension missing (35–37 and 45–47) with a framework.

analysis was performed using SPSS version 17.0 (SPSS, Inc.,
Chicago, IL, USA). One-way ANOVA was used to analyze
mean strain values, and the multiple comparisons test was
used to compare the results.

3. Results
Microstrain values were presented in two diﬀerent areas:
abutment teeth and dental mini-implants. The strain values
of the dental mini-implants were higher than those of the
abutment teeth in all conditions (Figure 4). The diﬀerences
in microstrain values were signiﬁcantly greater at the dental
mini-implant areas, whereas there were no signiﬁcant differences in microstrain values at the abutment teeth. The
higher load applied to the model, the greater diﬀerences in
microstrains were found.
Microstrain values in the four groups under applied
bilateral loading of 150 N and 200 N are presented in Table 1.
No statistically signiﬁcant diﬀerences were found in

microstrains at the abutment teeth among all groups.
However, there were signiﬁcant diﬀerences in microstrains
at the dental mini-implants. Group 4 presented the lowest
microstrains.
Microstrains were recorded at the loaded and unloaded
sites when unilateral loads of 150 and 200 N were applied
(Table 2). At the loaded site, Group 2 showed the lowest
compressive microstrains on the abutment teeth, whereas
other groups presented higher tensile microstrains. Meanwhile, Group 4 showed statistically signiﬁcant diﬀerences in
microstrains, with the lowest values at the dental miniimplants. At the unloaded site, there was no statistically
signiﬁcant diﬀerence in microstrains at the abutment teeth,
whereas at the implants, signiﬁcant diﬀerences in tensile
strains were found only in Group 2.
When the applied load increased from 150 N to 200 N,
there were diﬀerences in strain values among two diﬀerent
locations: the abutment teeth and the dental mini-implants.
Strain values were aﬀected by the diﬀerence in location of
the dental mini-implants. Distally placed dental miniimplants induced less microstrain at the implants than did
those placed mesially. In addition, higher loading force
tended to increase compressive microstrains at the dental
mini-implant up to approximately 5–40%, whereas no
trends in strain values were found at the abutment teeth
(Figure 5).

4. Discussion
Strains on bone, abutment teeth, and implants are some of
the factors that indicate the long-term success of implantretained RPDs. Strains over the threshold values cause deosseointegration of implants, peri-implant bone loss,
abutment tooth mobility, and fracture of prostheses [21–24].
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Figure 3: Axial loading. (a) Bilateral loading using a wide brass plate and stainless steel balls. (b) Unilateral loading using a narrow brass
plate and stainless steel balls.
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Figure 4: Comparison of microstrains around abutment teeth and
dental mini-implants in all loading conditions with 150 N and
200 N bilateral and loading.

Implant placements may reduce soft tissue intrusion of the
distal-extension RPD, and the location of the placement has
an inﬂuence on the number of strains [8]. In this study, it
was observed that distally placed implants resulted in greater
strain transmission along the implants themselves, whereas
mesially placed implants presented less strain transmission
at the abutment teeth. The cause of this diﬀerence in strain
transmission may be the elimination of the cantilever as a
result of the distal placement of the implant. Therefore, a
tooth-tissue supported prosthesis is converted into a
bounded-tooth, implant-supported prosthesis [6, 25, 26].
Many loading situations can simplify strain analysis.
With diﬀerent implant-placement locations, the abutment
teeth and implants were subjected to loads, which resulted in
diﬀerent patterns of strains. To verify the experimental

results, a theoretical two-dimensional equilibrium analysis
was conducted through a diagram of an isolated mechanical
system considered as a single body which is known as a freebody diagram. The free-body diagram was modelled as a
simple beam that represents unilateral mandibular implantretained RPDs. Thus, the supporting force at both ends of the
beam was modelled as pin support on the tooth support side
and as roller support on the implant supported side.
However, please noted that the horizontal force components
are not considered since the applied forces have only a
vertical component (Figure 6) [27]. The forces applied at the
beam represented all of the forces applied to the system,
which are the sum of the mesiodistal dimensions of each
replacement tooth (ﬁrst premolar: P1) and of the implants
placed at position A, B, or C (M1), and loading force at two
positions between P1 and M1 (100 N vertical load were set at
15.5 mm and 23.5 mm next to the P1 location, respectively).
Shear forces and bending moments were then calculated
using the free-body diagram and equations of equilibrium
equations (1) and (2), as follows [28]:


F � 0, P − V � 0,

(1)

M � 0, M − Px � 0,

(2)



F � force (N), P � load (N), V � shear force (N), M � bending
moment Nmm, and x � distance (mm) from the end of the
beam to the cross section where V and M are being
determined.
The shear forces and peak bending moments for all three
diﬀerent implant positions are described in Table 3. Implant
position, loading location, and pattern of loading indicated
the shear force and bending moment values around the
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Table 1: Mean microstrain of abutment teeth and dental mini-implants under applied bilateral loading (mean strain values (±SD in
microstrain)).
Implants

Group

150 N
—
−34.79 (8.77) ab
−42.50 (13.35)a
−28.02 (11.05)b

1
2
3
4

Abutment teeth
200 N
—
−48.69 (8.22)a
−54.11 (13.19)a
−34.45 (5.77)b

150 N
−6.92 (10.11)a
−0.45 (5.24)a
−2.77 (11.60)a
−3.16 (14.29)a

200 N
3.87 (10.48)a
−1.52 (9.66)a
−3.62 (17.30)a
7.65 (7.21)a

Comparisons done appear in the same column. The same upper superscript case letter in the same column indicates no signiﬁcant diﬀerence at P � 0.05.

Table 2: Mean microstrain of abutment teeth and dental mini-implants under applied unilateral loading (mean strain values (±SD in
microstrain)).
Loaded site
Group
1
2
3
4

Unloaded site

Implant
Abutment tooth
Implant
150 N
200 N
150 N
200 N
150 N
200 N
—
—
10.50 (6.83)b 19.04 (9.27)c
—
—
−170.65 (6.03)a −202.32 (4.29)a −2.48 (10.22)a 2.11 (12.12)a 14.48 (7.85)b 22.57 (5.09)b
−177.59 (11.61)a −186.22 (12.37)b 9.78 (9.02)ab 14.29 (8.42)bc −6.39 (14.81)a 4.07 (8.58)a
−99.12 (3.70)b −113.84 (6.38)c 9.09 (4.29)ab 5.04 (6.45)ab −10.85 (6.64)a −0.06 (5.83)a

Abutment tooth
150 N
200 N
10.07 (9.89)a 7.23 (12.30)a
0.21 (12.62)a 6.01 (7.56)a
1.97 (15.93)a 2.11 (10.63)a
9.58 (10.95)a 2.82 (7.20)a

Comparisons done appear in the same column. The same upper superscript case letter in the same column indicates no signiﬁcant diﬀerence at P � 0.05.

Groups
4

Abutment teeth

3
2
1
4
3
2
–110.00

Microstrains
Miniimplant

90.00

290.00

490.00

690.00

890.00

Differences in unilateral load
Differences in bilateral load

Figure 5: Diﬀerences in microstrain values when the load was increased from 150 N to 200 N.
100N

100 N

Table 3: Shear forces and peak bending moments developed in the
free-body diagram.
Position of implant
Force at abutment (N)
Force at implant (N)
Peak bending moment (Nmm)

58.182N
0

A
−139.13
339.13
−1600

B
0
200
−400

C
58.18
141.82
901.82

141.818 N
15.5

23.5 27.5 mm

x

Figure 6: Free-body diagram demonstrating base length as represented by the sum of each replacement tooth and implant.

abutment tooth, implant, and dental prosthesis. The shear
forces represented the shear stress acting in a transverse
direction to the occlusal plane [28]. From this theoretical
model, it was shown that the lowest shear force at the
implant was present when placing the implant at position
C. This theoretical ﬁnding was similar to the experimental

results, in which strains at the dental mini-implants in
Group 4 were the lowest. There was also less tensile strain at
the unloaded site than at the loaded site under unilateral
loading in Group 4. The explanation for this ﬁnding is that
placing the implant at position C eliminated the cantilever
length and converted the denture from being a tooth-tissue
prosthesis to a tooth-implant-retained prosthesis, reducing
the shear force at the implant itself [6]. As regards the
abutment tooth, the shear forces were lowest when the
implant was placed at position B in the theoretical study
instead of at position A as presented in the experimental test.
This ﬁnding may relate to the short distance between the
implant position and the location of the applied occlusal
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force. Mesially placed implants close to the abutment tooth
may change the fulcrum point from the rest seat at the
abutment to the implant. This mesial placement resulted in
the reduction of vertical displacement of the denture and,
consequently, less stress being transferred to the abutment
tooth [29].
In terms of the peak bending moments, the theoretical
result revealed that the magnitude of the moment conformed to the shear forces at the abutment tooth and at the
implant. Bending moment is a resultant of shear force as a
function of distance and negatively aﬀects the stability of
the distal extension RPD [28]. The higher the bending
moment developed, the more the prosthesis can be displaced against the supporting elements of the denture
[30]. The peak bending moment showed the lowest value
when an implant was placed at position B. The stability of
the denture may be related to the pattern of loading [31].
In this study, bilateral loading showed lower strain values
than did unilateral loading. Bilateral loading created less
lateral and vertical displacement of the denture, generating less tensile strain at the interface between the metal
and acrylic surfaces of the denture [31, 32]. Placing a
dental mini-implant at position A provided more favorable strain distribution around the abutment tooth,
whereas placing a dental mini-implant at position C
transferred less strain at the implant itself. The authors
recommend placing the minidental implant at position A
when the abutment has periodontally compromised
conditions and at position C when periodontal conditions
are stable. These recommendations are in agreement with
the ﬁndings of Gonçalves et al. [23], who reported overall
satisfactory results with the use of distal implant-retained
RPD overdentures.
The implant diameter has an inﬂuence on stress distribution along the bone-implant interface [4, 10, 33]. A
decrease in implant diameter may increase the stress
transferred to the bone-implant contact [15]. In the range
of 3.3 to 5.3 mm diameter implants, for every 0.5 mm
decrease in width, there is a 10%–15% decrease in surface
area. This percentage change is greater for smaller diameters and less for larger diameters [15]. Although strain
values reported in this study did not exceed the physiologic
loading zone, which has been reported in the range of
1,000–3,000 microstrains [21], the actual transfer of
magnitude data needed to have been considered because
this was an in vitro study. In an in vivo study, material
(bone, tooth, etc.) properties would be diﬀerent. The use of
mini-implants may lead to a higher implant failure rate
than if standard implants are used, especially in cases with
heavy bite forces, such as patients with parafunctional
habits, long-span edentulous ridges, and cases with opposing natural dentitions [34]. Therefore, to minimize the
bending overload beyond the threshold yield strength of
dental mini-implant materials, increasing the number of
dental mini-implants could be an option. Further study is
needed to determine the eﬀects of the number and location
of dental mini-implants in relation to the situation that has
greater biting forces under mandibular Kennedy Class I
implant-retained RPDs.
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5. Conclusions
(1) The location of dental mini-implant placement has
an inﬂuence on strain distribution in abutment teeth
and the dental mini-implant itself.
(2) A mesially placed dental mini-implant decreased
microstrains around abutment teeth compared to a
distally placed dental mini-implant.
(3) A distally placed dental mini-implant presented
decreased microstrains around the dental mini-implant itself.
(4) Microstrain values for dental mini-implants under
applied bilateral load were lower than under unilateral load.
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