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Abstract  

Objective: 

To evaluate the influence of single and double implants on strain distribution of 

mandibular metal-reinforced overdentures and compare this to a mandibular metal-

reinforced complete denture. 

 

Materials and Methods: 

Three different scenarios of the same case of an edentulous mandibular model 

were fabricated: one for a complete denture (CD), one for a single-implant overdenture 

(1-OD), and one for a two-implant overdenture (2-OD). Ball attachment implants were 

used for the models 1-OD and 2-OD. A 2-3 mm layer of silicone was created to 

simulate the mucosa on each model. Linear metal frameworks, following the curve of 

the arch, were cast in chrome-cobalt alloy from a round-hole chain-shaped preformed 

wax pattern strip connected to larger holes encompassing each implant matrix site. To 

measure strain distribution, strain gauges were attached to each denture on the buccal 

and lingual surfaces of the denture flanges and loaded using five loading scenarios in a 

universal testing machine. 

 

Results: 

Strain evaluation in the single-implant overdenture (1-OD) showed that when the 

molar teeth were vertically loaded, strain concentration occurred in the premolar area of 

the same quadrant. This concentration moved towards the midline area as the load 

moved towards the mesial passing through the premolars to the central incisors. In 

contrast, the strain evaluation in the two-implant overdenture (2-OD), showed that 
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when the molar teeth were vertically loaded, strain concentration occurred in the 

midline area. This concentration partially disappeared as the load moved towards the 

mesial passing through the premolars to the central incisors. 

 

Conclusion: 

The current study supports the use of a metal framework as a reinforcement 

within a two-implant overdenture, but not in a single-implant overdenture. Further 

experimental investigations are needed to evaluate metal reinforcement within a single-

implant overdenture with comparison between reinforced and non-reinforced models. 
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Chapter 1: Introduction 

An implant-retained overdenture is the latest removable treatment for restoring an 

edentulous arch. It is recommended to be used as an alternative prosthesis to the 

conventional complete denture, especially for the mandible (Feine et al., 2002). 

However, the necessary number of implants is still under evaluation. For the mandible, 

some studies found that the use of a single implant is enough to provide stability and 

retention (Krennmair and Ulm, 2001, Liu et al., 2013). On the other hand, several 

studies have suggested two implants as the least number for a successful treatment 

(Meijer et al., 2009, Mericske-Stern et al., 2000). Regardless of the quality and quantity 

of the osseointegration, an overdenture is not a problem-free prosthesis. Fracture failure 

in mandibular overdentures is reported as a problem that lowers the successful rate of 

this treatment (Burns, 2000) 

For minimising fracture failure in an overdenture prosthesis, reinforcement of the 

denture base resin is recommended during fabrication (Sadowsky, 2001). In particular, 

reinforcement with a cast metal substructure can provide sufficient support for such a 

prosthesis. However, there is a lack of research in respect to metal-reinforced 

overdentures. Some studies evaluated the effect of metal reinforcement in overdentures 

with the use of two implants (Jagger et al., 1999, Rached et al., 2011), and Gonda et al. 

(2007) reported on different metal reinforcement designs in two-implant overdentures. 

In addition, Gonda et al. (2010) also reported on the comparison between numbers of 

implants and fracture incidence in (non-reinforced) single and double implant 

overdentures. However, there is a gap in the knowledge in explaining the influence of 

single and double implants on strain distribution within the denture base that is 

reinforced with metal frameworks. 



 

2 

 

The purpose of this study is to evaluate the influence of single and double 

implants on strain distribution of mandibular metal-reinforced overdentures in vitro. 

The significance of this qualitative study is to add to the existing body of knowledge on 

metal-reinforced overdentures. This study provides more understanding of strain 

behaviour within metal-reinforced overdentures retained by one and two implants 

during function. 
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Chapter 2: Literature review 

2.1 Introduction 

Fracture failure is a problem associated with a denture prosthesis. This 

mechanical complication can be developed when a dental implant retains the denture. 

Moreover, the reinforcement method and implant quantity can influence the mechanical 

properties of such a prosthesis. Therefore, the aim of this literature review is to provide 

information to evaluate the influence of the number of implants on strain distribution of 

mandibular overdentures. The review will cover: an overview of overdenture treatment, 

fracture complications associated with overdenture prosthesis, reinforcement options, 

and finally, the use of strain gauges for measuring strain distribution. 

2.2 Overdenture prosthesis 

Before the introduction of implants into dentistry, the lack of stability and 

retention of complete dentures was one of the major problems for edentulous cases 

(Awad et al., 2003, Bairam and Miller, 1994). Studies by Kalk and de Baat (1989) 

showed that lack of denture stability and retention was associated with resorption of the 

residual ridge, which naturally occurs in the ageiing edentulous population. Other 

research revealed that this issue occurs in the mandibular alveolar ridge more than the 

maxillary ridge (Bairam and Miller, 1994, Doundoulakis et al., 2003). The rate of this 

resorption is also faster in the mandible (Mercier and Lafontant, 1979, Tallgren, 2003). 

These complications led the researchers to focus more on the mandibular jaw. 

Therefore, the problem of stability and retention of a complete denture is partially 

solved with the use of an implant retained denture (Burns, 2000), commonly known as 

an implant overdenture. 
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The use of an implant overdenture for the mandible can be a successful treatment. 

However, the necessary number of implants is still under evaluation. Some studies have 

supported the use of more than two implants for overdentures (Batenburg et al., 1998, 

Mericske-Stern et al., 2000). However, the suggestion of using more than two implants 

is not supported in other reports. Celik and Uludag (2014) evaluated the influence on 

load transfer characteristics of mandibular overdentures supported by two and four 

implants. They found that there was no significant difference between the groups in 

terms of stress concentration and magnitude around implants. In over 10 years of 

evaluation, Meijer et al. (2009) found no clear difference between two and four 

implants, while Klemetti (2008) concluded that patient satisfaction or function of the 

mandibular implant-retained overdentures did not seem to be reliant on the number of 

implants. 

In 2002, “The McGill Consensus Statement on Overdentures” was published 

following a symposium held at McGill University. It was stated that there was enough 

evidence to indicate that the use of a two-implant overdenture is the most appropriate 

treatment for the edentulous mandible instead of the conventional complete denture 

(Feine et al., 2002). In addition, a further consensus statement was released in 2009 at 

the British Society for the Study of Prosthetic Dentistry conference in York supporting 

the McGill consensus statement (Thomason et al., 2009). Thomason et al. (2012) 

reviewed the literature supporting the McGill and York consensus statements and 

concluded that the use of a two-implant overdenture for edentulous mandible should be 

the first option and Emami and Thomason (2013) found that the use of a two-implant 

overdenture increases patient satisfaction, perceived function, and quality of life. 

Nonetheless, financial limitations can also affect patient satisfaction. Therefore, 

some recent studies suggested the use of a single implant to help retain a complete 
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mandibular denture. Liu et al. (2013) evaluated mandibular overdentures retained by 

one, two, three, and four implants. They calculated that the single-implant overdenture 

exhibited low strain values in peri-implant bone, low stress in the abutments and 

adequate denture stability. In 2011, after three years of using single-implant mandibular 

overdentures, Harder et al. (2011) evaluated the clinical outcome, oral health, and 

chewing ability. They found that such a treatment was a successful option for the 

edentulous mandible. These reports support a number of studies suggesting the use of a 

single implant to limit the cost associated with the procedure (Cordioli et al., 1997, 

Gonda et al., 2010, Krennmair and Ulm, 2001). 

Regardless of the number of implants, the use of an implant overdenture enables 

patients to increase their masticatory forces (Bakke et al., 2002, Pera et al., 1998). 

Unfortunately, this increase is associated with additional mechanical complications that 

may lead to the prosthesis being more prone to failure due to the restorative material 

exceeding its yield stress. 

2.3 Fracture complications associated with overdenture prosthesis 

Goodacre et al. (2003) classified implant prosthesis complications into six 

categories: surgical complications, implant loss, bone loss, peri-implant soft tissue 

complications, aesthetic/phonetic complications, and mechanical complications which 

include overdenture fractures. In mandibular overdentures, fracture is a problem that 

reduces the success rate of this treatment (Burns, 2000). Due to the presence of implant 

matrices or clips within the acrylic base of the overdentures, the acrylic is either thin 

around these areas and hence is prone to fracture, or over-bulked and may influence 

tongue space and speech (Duncan et al., 2000). 
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Several studies have reported overdenture fractures. Nedir et al. (2006) reported 

55 implant-supported overdentures fractures in overdentures incorporating either bar or 

ball attachments. 10.9% of the prostheses were returned for remake or repair due to 

fracture failure after 5 to 6 years. Similarly, Cakarer et al. (2011) reported 11.1% of 

overdenture fracture after a mean follow up time of 3.34 years. In 2003, Goodacre et al. 

reviewed the literature between 1981 and 2001 and found that overdenture fracture 

affected 12% of prostheses. The forgoing authors did not report the sites of the fractures 

in relation to the implant matrices positions. However, several studies did report the site 

of fracture. Gonda et al. (2010) found that fractures occurred over the implants in 70% 

of the fractured overdentures in mandibular overdentures retained by single and double 

implants. After reviewing clinical records of 85 cases between 2003 and 2008, they 

found that the fractured single-implant overdentures were 9 of 42, while the fractured 

two-implant overdentures were 4 of 43. After using a chi-square test with Yates’ 

continuity correction to analyse data statistically, they concluded that there was no 

significant difference between single and double implant overdentures in terms of the 

incidence of denture base fractures.  

On the other hand, Chaffee et al. (2002) stated that 4 of 58 edentulous patients 

required 12 mandibular overdenture repairs for fractures occurring mostly in the 

midline. Dong et al. (2006) investigated the influence of abutment heights on the strain 

around the abutment and at the middle part of mandibular teeth-supported overdentures. 

They found that the higher the abutment, the larger the strain that occurs close to the 

top of each abutment. They also found a direct relationship between the heights of the 

abutment and strain in the middle part of the overdenture. The load can shift mesially 

towards this middle part with a short abutment. The shorter the abutment, the larger the 

strain that occurs in the middle section of the denture. 
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In a mandibular complete denture, the most common fracture occurs in the 

midline of the denture base (Darbar et al., 1994, Polyzois et al., 1996).  

Due to the mechanical property limitations of conventional polymethyl 

methacrylate acrylic (PMMA) to provide adequate support, Sadowsky (2001) 

recommends reinforcing the denture in the fabrication phase to reduce the incidence of 

failure.  

2.4 Reinforcement options 

Generally, the denture base can be reinforced by three methods: chemical 

modification of the acrylic, addition of fibres to the acrylic or the incorporation of a 

metal substructure (cast or wrought) in the acrylic (Jagger et al., 1999). 

2.4.1 Chemical modification of the acrylic (high impact resin)  

The reinforcement of an acrylic denture base with rubber is a well-established 

concept that has been reported in the literature. A developing crack that may propagate 

through the PMMA denture base can be arrested or slowed with the presence of rubbers 

incorporated within the PMMA to absorb the energy at the crack tip (generally known 

as a high impact acrylic) (Bucknall, 2014). Rodford (1986 and 1990) demonstrated the 

development and evaluation of a high-impact strength denture base resin using 

butadiene styrene rubber. This rubber can be integrated in PMMA by up to 30% 

without changes in handling properties, such as increase in viscosity. Uzun and Hersek 

(2002) compared six acrylic base materials: two high impact resins, three rapid heat 

cured resins, and an injection moulded resin. They concluded that the high impact 

resins provide higher flexural strength and fracture toughness. A study by Narendra et 

al. (2013) also support these findings. The use of high impact acrylic is a successful and 
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widely used method to reinforce PMMA. However, this modified acrylic is much more 

expensive than the conventional acrylic, which may significantly increase the cost of 

the prosthesis (Jagger et al., 1999). 

 

2.4.2 Fibre addition to the acrylic 

Fibre reinforcement can be added to the denture base in different forms such as 

glass fibre, aramid fibre, or ultra-high molecular weight polyethylene (UHMPE). This 

reinforcement can prevent catastrophic failure within the acrylic by arresting the crack 

propagation (Jagger et al., 1999). Therefore, fibre reinforcements are suggested as a 

sufficient option for increasing the strength of denture bases (Rached et al., 2011).  

Glass fibre consists of extra fine fibreglass allowing chemical bonding to the 

PMMA. This bonding is achieved with the aid of silane coupling (Ellakwa et al., 2002, 

Soderholm and Shang, 1993). Some studies report that glass fibre can provide a good 

aesthetic outcome when used for reinforcing a mandibular denture base (Freilich et al., 

1998, Vojvodić et al., 2009).  

Polyaramid fibre is an organic compound known as Kevlar. This fibre offers high 

mechanical properties with good tensile strength and does not require chemical 

coupling agents. However, its yellowish colour is aesthetically undesirable for some 

dental applications especially for the anterior region, hence it’s lack of popularity 

(Jagger et al., 1999). 

Ultra-high molecular weight polyethylene fibre is a natural crystalline polymer 

that can offer additional flexural strength to the prosthesis (Takagi et al., 1996). 

However, bonding between this fibre and PMMA is weak even with the aid of electrical 

plasma treatment, which etches the surface for mechanical bonding (Jagger et al., 
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1999). Moreover, this etching may weaken the mechanical properties that are delivered 

by the fibre reinforcement (Takagi et al., 1996). 

 

2.4.3 Metal addition to the acrylic 

Metallic wrought wires and cast frameworks have been used for reinforcing the 

PMMA denture base resin of both implant overdentures and complete dentures. Wires 

are usually made of wrought stainless steel while frameworks are commonly cast from 

chrome-cobalt (Vallittu, 1995). Carroll and von Fraunhofer (1984) investigated the 

influence of reinforcing autopolymerising acrylic with flat braided two-strand brass 

wire and orthodontic wires and found that the use of 0.051-inch wire could significantly 

improve prosthesis strength. 

Nevertheless, it is believed that lack of chemical bonding between the metal and 

resin creates defects and thereby stress concentrations during loading thereby leading to 

higher incidences of failure. This usually happens due to weak adhesion between the 

PMMA and the inserted metal (Jagger et al., 1999). Therefore, numerous studies have 

been applied to improve the bond between metal and acrylic resin. Vallittu and Lassila 

(1992) have investigated the influence of sandblasting the metal surface on wires. They 

concluded that roughening metal surfaces increases the fracture resistance of dentures 

reinforced with metallic wires. Further investigation by Vallittu (1993) also supported 

the sandblasting technique to improve mechanical bonding with acrylic resin. Other 

factors that may influence the overall reinforcing properties include the shape, 

thickness, and position of the reinforcement material are. It has also been suggested that 

the use of loops at the wire ends may improve mechanical bonding (Carroll and von 

Fraunhofer, 1984). Ruffino (1985) discussed the importance of the wire position and its 



 

10 

 

effect on prosthesis strength. He explained that for better strengthening the metal 

should be placed perpendicular to the line of stress and not coincident with the line. The 

study also showed that two wires a few millimetres apart and perpendicular to the line 

of stress can significantly increase fracture resistance within the denture. 

Regarding metal-reinforced overdentures, Gonda et al. (2007) carried out an in 

vitro study on the effect of metal reinforcement on strain around the midline and 

retentive copings of mandibular teeth-supported overdentures. Four types of 

overdentures were fabricated: one without reinforcement, one with a chrome-cobalt 

wire over the ridge, one with a chrome-cobalt framework over the ridge and around the 

retentive copings and one with a chrome-cobalt framework over the ridge and over the 

retentive copings. To measure strain around the retentive coping, three strain gauges, 2 

mm apart, were placed horizontally from the top of one of the retentive copings on the 

lingual surface. To measure strain at the midline, two strain gauges were placed on the 

upper and lower sides of the lingual surface of the denture flanges. When the premolar 

area of the measurement side was loaded, the top gauge at the coping of the 

overdenture with chrome-cobalt framework over the ridge and over the retentive 

copings exhibited less strain than the other designs while no differences were obtained 

in the midline area. In addition, when the first and second molars of the measurement 

and non-measurement sides were loaded, no differences were detected between the 

overdentures. However, strain on the midline area of the overdentures with metal 

frameworks was less than the other overdentures. They concluded that the design that 

covers the abutment could provide higher strain resistance in comparison to the other 

designs. Moreover, wire reinforcement is insufficient to decrease the strain of the 

overdenture. This study would be more interesting if the authors evaluated the type of 

strain, either tension or compression, instead of just reporting the amount of strain. This 
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would have allowed for the identification of areas in tension in the denture base resin, 

which is more likely to be where fracture from inherent defects can occur.  

Rached et al. (2011) evaluated the effect of different methods of reinforcements 

on the dynamic and static loading capacity of a simulated implant-supported 

overdenture. Six groups of overdentures were fabricated: one with a braided stainless 

steel bar, one with stainless steel mesh, one with unidirectional E-glass fibres, one with 

E-glass fibre mesh, one with woven polyethylene braids, and one with polyaramid 

fibres. It was found that braided and mesh metal groups had no significant changes in 

the number of non-fractured models to the control group after fatigue testing. In 

addition, the braided stainless steel and stainless steel mesh groups had no significant 

difference to the control group during the static load means comparison. They 

concluded that the E-glass fibre, woven polyethylene braids, and polyaramid 

reinforcements significantly increased the flexural strength and fatigue. Rached et al. 

did not include a cast metal framework reinforcement in their study due to its high cost 

and the longer time required for fabrication. Therefore, due to these reasons and the 

success rate of fibres, it has been suggested that fibre materials have more advantages 

over metallic reinforcements (Dyer et al., 2005, Vallittu, 1999). However, fabricating 

metal framework reinforcements is still a valid option, and such techniques have been 

recently published by authors such as Grageda and Rieck (2014), Ahuja et al. (2013), 

Ozcelik et al. (2013), Hsu (2012), and Orenstein et al. (2010). 

The effects of reinforcing mandibular overdentures with cast metal substructures 

has not been fully investigated. Likewise, the evaluation of strain distribution on cast 

metal-reinforced mandibular overdentures has not yet been reported. 
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2.5 Strain gauges for measuring strain distribution 

2.5.1 Strain  

Strain (ɛ) is a measure of deformation within an object when a force is applied. 

Particularly, it is the fractional change in length, width, or height of an object when a 

force is applied along that dimension. The strain can be calculated by using the 

following equation: 

 

𝑆𝑡𝑟𝑎𝑖𝑛  (ɛ)  =  ∆𝐿 𝐿⁄  (1) 

 

Where: L is the length and ∆L is the change in length. 

From the above equation, the strain is defined as the ratio of change in length to 

the initial length. When ∆L is positive, the object is in tension and this deformation is 

known as tensile strain. When ∆L is negative, the object is in compression and this 

deformation is known as compressive strain. Due to the small magnitude that is usually 

obtained, the strain is often reported as microstrain (µɛ = ɛ x 10-6) and is a 

dimensionless quantity (Darvell, 2002).   

Detecting a small mechanical deformation when a force is applied is a sensitive 

procedure. Therefore, the accurate evaluation and most widely used technique for such 

analysis is via strain gauges (Hearn, 1997). 

 

2.5.2 The strain gauge  

Edward E. Simmons introduced the strain gauge in 1938 (Perry, 1984). It is an 

electrical device used to transform the mechanical deformation within a body into a 

measurable signal (Dally and Riley, 1965). Typically, the strain gauge consists of a 



 

13 

 

sensitive element which is a small wire (metallic foil) bonded to a baking material 

which is usually made from polyimide (Figure 2-1).  

 

                                                           Figure 2-1: Composition of a strain gauge 

 

The length of the looped wire of the sensitive element determines the resistance 

of the gauge. The longer the wire, the greater the resistance. This composition provides 

a strain/resistance relationship that is determined by the manufacturer. This relationship 

is known as gauge factor (GF). It can be defined as the ratio of fractional change in 

resistance to the relative change in its length (Chalmers, 1989; Dally and Riley, 1965). 

The gauge factor equation is as follows: 

 

𝐺𝐹 =  
∆𝑅 𝑅⁄

∆𝐿 𝐿⁄
 (2) 

Or 

𝐺𝐹 =  
∆𝑅 𝑅⁄

ɛ
 (3) 

 

Where: GF is the gauge factor, ∆R is the change in resistance, R is the initial 

resistance, ∆L is the change in length, L is the initial length, and ɛ is the strain.  

Sensitive element 

Backing 

Solder pads 
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The electrical resistance used for strain gauges is usually either 120 Ω or 350 Ω, 

while the widely used gauge factor is around 2.0, dependent on the purpose of 

experiment and operation system used for measuring the strain (Chalmers, 1989). 

 

2.5.3 Strain gauge measurement  

A sensitive method for measuring small changes in resistance is required for 

small mechanical deformations. The “Wheatstone bridge circuit” is considered as an 

accurate method for strain measurement within a body. As shown in Figure 2-2, the 

simple Wheatstone bridge circuit comprises four resisters (R1, R2, R3, and R4), two 

parallel legs with two resisters in each series, an excitation voltage (input) applied 

across the bridge from top to bottom, and a measured voltage (output) applied across 

the bridge from right to left. 

 

                                                       Figure 2-2: Basic Wheatstone bridge arrangement. 

 

Where: R1, R2, R3, and R4 are resisters, Vin is the bridge excitation voltage (input 

voltage), and Vout is the measured voltage (output voltage). 

When the resisters (R1, R2, R3, and R4) are equal to each other, the bridge then is 

balanced. Under this condition, the output voltage is equal to zero as R1R3 = R2R4. In 

R4 R3 

Vin Vout 

R1 R2 
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other order, R1R3 - R2R4 = zero. This relationship allows the output voltage to be 

calculated from Ohm’s law by using the following equation: 

 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 [
𝑅3𝑅1  −  𝑅4𝑅2

(𝑅2 + 𝑅3) (𝑅1 + 𝑅4) 
] (4) 

 

In practice, the bridge is unbalanced when a load is applied on the body. Changes 

in resistance of any leg of the Wheatstone bridge will produce a non-zero output 

voltage and then the bridge is unbalanced. For this application, the Wheatstone bridge 

can be configured with 1, 2 or 4 strain gauges depending on the measuring purpose 

(Chalmers, 1989). 

One gauge configuration (Quarter Bridge) is one of the four resistors replaced 

with a strain gauge as shown in Figure 2-3. 

 

 

                                                          Figure 2-3: Quarter Wheatstone bridge arrangement. 

 

In this case, the resister R3 is replaced with a strain gauge and then an active 

strain gauge for measuring either tension or compression. Assuming that R1= R2 = R3 = 

120 Ω, and R3, initial with an initial gauge resistance of 120 Ω. Since R1 R3, initial - R2R4 = 

zero, the bridge should be balanced initially. When strain is applied to the strain gauge, 

R1 R2 

R4 

R3 = Strain gauge 

Vin Vout 
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R3 becomes R3, initial + ∆R3 due to the small change of its resistance amount and the 

bridge now is unbalanced. Thus, the bridge equation (1) can be rewritten as follows: 

 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 [
{𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙 +  ∆𝑅3}𝑅1  −  𝑅4𝑅2

(𝑅2 + {𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙 + ∆𝑅3}) (𝑅1 + 𝑅4) 
] (5) 

 

Because R1 R3, initial - R2R4 = zero, the equation can be further rewritten as follows: 

  

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 [
∆𝑅3  𝑅1

(𝑅2 + {𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙 + ∆𝑅3}) (𝑅1 + 𝑅4) 
] (6) 

 

As mentioned previously, the change in resistance is very small where 

∆𝑅3 𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙⁄  << 1. This leads the following modification: 

 

𝑉𝑜𝑢𝑡  ≈  𝑉𝑖𝑛  
∆𝑅3  𝑅1

(𝑅2 + 𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙)(𝑅1 +  𝑅4) 
 (7) 

 

It is now clear that the gauge factor can be rewritten as follows: 

 

𝐺𝐹 =  
∆𝑅3 𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙⁄

ɛ
 (8) 

Or 

∆𝑅3 =   𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝐺𝐹 ɛ (9) 

 

Integrating the gauge factor equation (9) to the quarter bridge equation (7) yields 

to the following equation: 
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ɛ ≈  
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛

1

𝐺𝐹

(𝑅2 + 𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙)
2

𝑅2 𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 (10) 

 

Because R2 = R3, initial = 120 Ω, the final quarter bridge equation for strain 

measurement can be rewritten as follows:  

 

ɛ ≈  4 
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛

1

𝐺𝐹
 (11) 

Or 

ɛ ≈  
4 𝑉𝑜𝑢𝑡

𝑉𝑖𝑛 𝐺𝐹
 (12) 

 

Two gauges configuration (Half Bridge) is where two of the four resistors are 

replaced with two strain gauges as shown in Figure 2-4. 

 

                                                           Figure 2-4: Half Wheatstone bridge arrangement. 

 

In this case, the resisters R3 and R1 are replaced with active strain gauges tension 

or compression only. For measuring both tension and compression of bending a beam 

for instance, the resister R4 is replaced with an active gauge instead of R1. 

R1= Strain gauge 

R2 

R4 

R3 = Strain gauge 

Vin Vout 
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It can be assumed that the changes of both gauge resistances are identical when 

the strain is applied. After modifications similar to the quarter bridge, the bridge 

equation (1) for the half bridge can be rewritten as follows: 

 

ɛ ≈  
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛

1

2 𝐺𝐹

(𝑅2 + 𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙)
2

𝑅2 𝑅3,𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 (13) 

 

 

The final half bridge equation for strain measurement can be rewritten as follows:  

 

ɛ ≈  2 
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛

1

𝐺𝐹
 (14) 

Or 

ɛ ≈  
2 𝑉𝑜𝑢𝑡

𝑉𝑖𝑛 𝐺𝐹
 (15) 

 

Four gauges configuration (Full Bridge) is where all four resistors are replaced 

with four strain gauges as shown in Figure 2-5.  

 

                                                            Figure 2-5: Full Wheatstone bridge arrangement. 

 

R1= Strain gauge 

R3 = Strain gauge 

Vin Vout 

R4 = Strain gauge 

R2= Strain gauge 
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In this case, all resistors that are replaced with gauges act as active gauges. R1 and 

R3 will measure tensile strain while R2 and R4 will measure compressive strain. 

After modifications similar to other configurations, the bridge equation (1) for the 

full bridge can be rewritten as follows: 

 

ɛ ≈   
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛

1

𝐺𝐹
 (16) 

Or 

ɛ ≈  
 𝑉𝑜𝑢𝑡

𝑉𝑖𝑛 𝐺𝐹
 (17) 

 

2.5.4 Application of strain gauge in oral rehabilitation studies 

In dentistry, the strain gauge has been widely used in vitro studies (Cilingir et al., 

2013, Elsyad et al., 2013, Takahashi et al., 2013). To measure prosthesis deformation, 

Gonda et al. (2007) used strain gauges to evaluate the strain behaviour within 

reinforced mandibular overdentures. They attached three strain gauges close to the 

abutments and two at the midline area. The results were accurate and enabled 

evaluation of the mechanical strain within the prostheses. Dong et al. (2006) used strain 

gauges for evaluating the strain behaviour of the acrylic material and its relationship 

with the abutment height, while Shahmiri et al. (2013) used strain gauges to evaluate 

strain distribution in an implant-assisted removable partial denture under different 

loading scenarios. They attached strain gauges to the metal framework and acrylic resin 

surfaces of the partial denture.  

In addition to prosthesis components, strain gauges have been applied to detect 

deformations within a dental implant system from surfaces such as peri-implant epoxy 
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resin by Karl et al. (2005 and 2008), natural bone after implant placement by Cehreli et 

al. (2005), implant framework by Cehreli and Akca (2006), and a peri-implant and bar 

attachment framework by Abduo et al. (2011). 

As a result, measuring strain deformation via a strain gauge can be a successful 

technique for dental prostheses.  

 

2.6 Summary 

For an edentulous mandible, some studies found that the use of a single implant is 

sufficient to provide stability and retention. On the other hand, several studies have 

suggested that the least number of implants for a successful treatment is two. 

Regardless of the implant number, overdenture fracture failure is a problem that lowers 

the success rate of this treatment. Several reinforcement methods are used to provide 

support. Metal reinforcement has been reported as a successful option for such a 

prosthesis. However, there is a lack of reports on the influence of cast metal 

frameworks. In terms of strain distribution of a mandibular prosthesis, the relationship 

between the number of implants and a metal-reinforced overdenture has not yet been 

reported. Therefore, the purpose of this research is to evaluate the influence of single 

and double implants on strain distribution of mandibular metal-reinforced overdentures 

in vitro. 
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Chapter 3: Materials and Methods 

3.1 Introduction 

The purpose of this study was to evaluate the influence of single and double 

implants on strain distribution of mandibular metal-reinforced overdentures in vitro. 

Therefore, three dentures were prepared: one for a complete denture (CD), one for a 

single-implant overdenture (1-OD), and one for a two-implant overdenture (2-OD). 

Ball attachment implants were used for the models 1-OD and 2-OD. A 2-3 mm layer of 

silicone was created to simulate the mucosa on each model. Linear metal frameworks, 

following the curve of the arch, were cast in chrome-cobalt alloy from a round-hole 

chain-shaped preformed wax pattern strip connected to larger holes encompassing each 

implant matrix site. 

To measure strain distribution, strain gauges were attached to each denture on the 

buccal and lingual surfaces of the denture flanges and loaded using five loading 

scenarios in a universal testing machine. 

This chapter will describe the model preparation, denture and overdentures 

fabrication, strain gauge arrangements, loading protocol and data analysis method. 

3.2 Models and implants preparation 

3.2.1 Models preparation 

A polyvinyl siloxane (PVS) impression (EXAHIFLEX-Regular type, GC, Japan) 

was taken from a mandibular arch of an edentulous adult with a ridge width of +-8 mm 

to form the master cast. The first model was poured in a polyurethane resin (Exakto-

Form Resin, Bredent, Germany) and duplicated in addition-cured silicone duplicating 
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material (Deguform, DeguDent, Germany). A 2 mm thick layer of base plate wax 

(Modelling Wax, Kemdent, England) was then placed over the ridge areas of the mould 

to provide a spacer for the mucosa. A second model was poured in polyurethane resin 

(Figure 3-1) and a second mould was then duplicated from this model in silicone 

duplicating material. From this mould, three models were fabricated in polyurethane 

resin: one for a complete denture (CD), one for a single-implant overdenture (1-OD), 

and one for a two-implant overdenture (2-OD). 

 

 

   Figure 3-1: A working model fabricated with polyurethane resin with a 2 mm relieved space for the mucosa. 

 

3.2.2 Implant integration 

Ball attachment abutments (048.439, synOcta system, Straumann dental, 

Switzerland) with implant fixtures (Standard Plus Ø 4.1 RN, 043.052S, Dental Implant 

system, Straumann dental, Switzerland) were used for 1-OD and 2-OD. A single 

implant was positioned on the midline of the alveolar process of the 1-OD model. Two 

implants were positioned in the interforminal alveolar process of the third and fourth 

quadrants of the 2-OD model. The positioning of the implants was done by drilling a 

slightly oversized hole using a 4 mm diameter bur (Carbide Lab Cutters, Dental Burs 

USA, United States of America) and bonding the implants into position with the 
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polyurethane resin (Figure 3-2). This bonding procedure was used in order to simulate 

osseointegration and create a rigid connection between the fixture and cast so that no 

movement could occur during loading of the denture. 

 

 

Figure 3-2: The three polyurethane resin models with the positions of the implants. CD is for a complete denture 
without an implant. 1-OD is a model with a single implant positioned on the midline of the alveolar process. 2-
OD is a model with two implants positioned in the interforminal alveolar process of the third and fourth 
quadrants. 

 

3.3 Denture and overdentures preparation 

3.3.1 Cast metal framework fabrication 

For fabricating the metal frameworks, three models were poured from the first 

mould (without the wax mucosa spacer) in type three dental stone (Gypsum Cement, 

United States gypsum company, USA). A 2 mm thick layer of base plate wax 

(Modelling Wax, Kemdent, England) was placed over the models with three tissue 

stops in order to create a space between the mucosa and metal framework for acrylic. 

The blocked out models were then duplicated using agar duplicating material (Wirogel, 

BEGO, Germany) into which was poured a refractory material (Wirovest, BEGO, 

Germany). The refractory duplicate models were dried at 200 degrees Celsius (Bakbar 

E32, Turbofan, New Zealand) prior to being sprayed by a model hardener (Durofluid 

CD 1-OD 2-OD 
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Model Spray, BEGO, Germany). Preformed chain-shaped wax retention patterns 

1.5mm thick with round holes 6 mm wide (Wach-Rundlochretentionen, BEGO, 

Germany) were placed on the ridge of each model. The round hole retention strips were 

connected to larger holes encompassing each implant matrix site to form an overall arch 

length of 115 mm. The model was sprued with three 3.5 mm sprue wax (Wachsdraht 

3.5mm, Renfert, Germany) and invested with phosphate investment material (Wirovest, 

BEGO, Germany) prior to casting with chrome-cobalt alloy (Wirobond, BEGO, 

Germany) following manufactures recommended instructions. After recovery from the 

investment, each framework was sandblasted with 110-µm aluminium oxide 

(SHERAALUMINIUMOXID, SHERA, Germany) in order to improve the mechanical 

retention between the metal and denture base resin (Figure 3-3).  

 

 

Figure 3-3: The three chrome-cobalt frameworks (1.5 mm thick) with a 2 mm layer of base plate wax on the 
stone models of CD, 1-OD, and 2-OD. The design includes round-holes (6 mm wide) strips connected to larger 
holes encompassing each implant matrix site to form an overall arch of 115 mm. 

 

3.3.2 Acrylic denture fabrication 

Acrylic teeth (VITAPAN, VITA Zahnfabrik, Germany) were set up on a stone 

model cast from the first mould (also used for fabricating the metal framework) with 

the metal framework positioned on the ridge and a labial and lingual matrix was made 

CD 1-OD 2-OD 
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from silicone putty (EXAFLEX PUTTY, GC, Japan) to record their positions as well as 

the shape, extension, and thicknesses of the waxed up denture flanges. This 

arrangement was transferred to each of the other stone models (CD, 1-OD and 2-OD) 

prior to placement of the metal frameworks, waxing up the denture and processing in a 

clear heat-cured acrylic (Vertex Rapid Simplified, Vertex dental, Netherlands) using a 

compression moulding technique according to manufacturer's instructions. The metal 

frameworks were attached in the correct position on the ridge with a fast-

acting adhesive (super glue) on the bottom of the tissue stops prior to packing the 

denture base resin. The finishing and polishing were completed using the standard 

clinical procedures (Winkler, 2009).  

 

3.3.3 Implant matrices Incorporation 

For the incorporation of Titanium matrices (048.450, Straumann dental, 

Switzerland) within the denture bases of the 1-OD and 2-OD, a 2-3 mm layer of base 

plate wax (Modelling Wax, Kemdent, England) was placed over each ridge of the 

models 1-OD and 2-OD to provide a space for the mucosa. Oversized holes were 

drilled within the fitting surface of each denture base to provide space for the matrices 

and self-curing polymerising acrylic. During this drilling, care was taken to grind the 

same diameter and depth of hole so that the same amount of self-curing acrylic would 

be used for each implant matrix. Following the manufacturer’s recommendation, the 

original threaded rings of the Titanium matrices were replaced with plastic threaded 

rings and then placed on the ball attachment abutments and secured with plaster 

(VICTOR Dental Plaster, GIB, New Zealand) to block out the undercuts. Clear self-

cure acrylic (Vertex Castaquick, Vertex Dental, Netherlands) was poured into the holes 
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and the models were then placed on the dentures and left for 15 minutes in a pressure 

pot (T1335-00 pressure pot, Leone America, United States of America) with 45ºC 

warm water for complete polymerisation. After recovery and trimming, the plastic 

threaded rings were then replaced by the Titanium threaded rings (Figure 3-4).  

 

 

Figure 3-4: The three clear acrylic dentures showing the position of the titanium matrices in 1-OD and 2-OD. CD 
is a complete denture without an implant. 1-OD is an overdenture with a single titanium matrix. 2-OD is an 
overdenture with two titanium matrix. 2-OD is an overdenture with two titanium matrices. 

 

3.3.4 Mucosa fabrication 

After the placement of the matrices, polyvinyl siloxane (PVS) impression 

material (EXAHIFLEX-Regular type, GC, Japan) was used as a simulant material to 

recreate the mucosa. In order to control the thickness of the silicone, two 5 mm2 2 mm 

thick base plate wax stops were placed on the distal of each ridge prior to extruding the 

silicone evenly over the fitting surface of the dentures. In the case of the complete 

denture, an anterior stop was also placed over the ridge (Figure 3-5). This process 

allowed for a perfect adaptation between the denture base and mucosa. 

 

CD 1-OD 2-OD 



 

27 

 

 

Figure 3-5: The polyvinyl siloxane mucosa layers on the three models (CD, 1-OD, and 2-OD) with a thickness of 2-
3 mm. 

 

3.4 Strain gauge arrangement 

To measure strain distribution, eight strain gauges (RS 632-124 N11-MA2-120-

11 2mm, Vishay Electronic GmbH, Germany) were attached to the lingual and buccal 

surfaces of each denture as described in Table 3-1 and Figure 3-6. 

 

Table 3-1: The eight strain gauges with their positions on each of the three dentures. 

Gauge Position Surface 

1 5 mm below and between the right mandibular 1st and 2nd premolars (44-45) Buccal 

2 3 mm below and between the right mandibular 1st and 2nd premolars (44-45) Lingual 

3 5 mm below and between the mandibular central incisors (41-31) Buccal 

4 2 mm below and between the mandibular central incisors (41-31) Lingual 

5 5 mm below and between the left mandibular canine and 1st premolar (33-34) Buccal 

6 2 mm below and between the left mandibular canine and 1st premolar (33-34) Lingual 

7 5 mm below and between the left mandibular 1st and 2nd molars (36-37) Buccal 

8 10 mm below and between the left mandibular 1st and 2nd molars (36-37) Lingual 

CD 1-OD 2-OD 
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                        Figure 3-6: The eight strain gauges with their positions on each of the three dentures. 

 

The placement of the strain gauges was to capture the molar, premolar and 

anterior regions of the functional component of the dentures. They were positioned 

midway between the edge of the denture base flange and gingival margin of the denture 

teeth to capture the strain state in the middle of the zone. 

The data capture system was capable of recording four channels simultaneously. 

Therefore, two terminals (CPF-50C M-Line accessories, Measurement Group, INC., 

Raleigh, NC) were used for each model. The gauges 1-4 were connected to one 

terminal, while the gauges 5-8 were connected to another terminal (Figure 3-7). Only 

one terminal was connected during each loading cycle with only four gauges recording 

at a time. Therefore, the procedure was repeated for the terminal 5-8 after saving the 

records obtained from the terminal 1-4 in order to obtain a full record (1-8) for each 

loading condition.  

 

Gauge 1 

Gauge 2 

Gauge 4 

Gauge 3 

Gauge 8 

Gauge 7 

Gauge 6 

Gauge 5 
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Figure 3-7: Two terminals were used for each model: the left terminal (a) collects the strain gauges 1-4 while the 
right terminal (b) collects the strain gauges 5-8. 

 

These terminals were connected to a data acquisition hardware (PowerLab/8PS, 

ML119, ADInstruments, Australia) via a Wheatstone bridge circuit to increase the 

accuracy of measurement (Figure 3-8). 

 

Figure 3-8: Model and terminal (a) connected to Wheatstone bridge (b), connected to the data acquisition 
system (c). 

 

In this study, a quarter Wheatstone bridge, for each strain gauge, was used with 

modification. In Figure 3-9, R1, R2 and R4 are completion resistors, while R3 is the 

active gauge. The Ra and Rb resistors were added to aid in the integration of PowerLab 

system.  

 

(b) Terminal 5-8 

(a) Terminal 1-4 

(c) (b) (a) 



 

30 

 

 

                                   Figure 3-9: Quarter Wheatstone bridge (one active gauge) with modification. 

3.5 Loading and measurements 

In order to simulate the vertical occlusal load, a universal testing machine 

(Instron 3369, USA) was used with software (Bluehill Lite Software, Instron, USA) to 

provide the loading conditions. The program was set to apply a load at a crosshead 

speed of 0.05 mm/second, hold the load for five seconds prior to removing the load. 

The three models were placed horizontally on the table of the testing machine 

individually. Each model was subjected to loads at five different points separately on 

the occlusal surface as described in Table 3-2 and Figure 3-10. The amount of load 

applied was based on an investigation was carried out by Fontijn-Tekamp et al. (1998).   

 

Table 3-1: The five loading points with their positions and the amout of load applied. 

Loading Point Position Load 

Left Molars (LM) Between the left mandibular 1st and 2nd molars (36-37) 100 N 

Left Premolars (LP) Between the left mandibular 1st and 2nd premolars (34-35) 40 N 

Central Incisors (CI) Between the mandibular central incisors (31-41) 20 N 

Right Premolars (RP) Between the right mandibular 1st and 2nd premolars (44-45) 40 N 

Right Molars (PM) Between the right mandibular 1st and 2nd molars (46-47) 100 N 

 

R1= 120 Ω 

Vin Vout 

R3= 120 Ω 

(Active gauge) 

R4= 120 Ω 

R2= 120 Ω 

Ra= 200 Ω 

Rb= 200 Ω 
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                                                Figure 3-10: The five loading points on the occlusal surface. 

 

During each loading cycle, an analysis software (LabChart, ADInstruments, 

Australia) recorded the output data from the four connected gauges as microvolt (µV) 

values versus time (Figure 3-11). The highest positive or negative microvolt (µV) of 

each test were then manually selected from each channel. This loading and recording 

procedure was repeated 10 times for each loading point on the three models.  

 

 

Figure 3-11: A screenshot of the analysis software (LabChart, ADInstruments, Australia) recorded an output data 
as microvolt (µV) values versus time. 

 

LM 

LP 

RM 

RP 

CI 
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The microvolts (µV) data was converted to strain (ɛ) for a quarter Wheatstone 

bridge circuit using the following equation: 

 

Strain (ɛ)  ≈  
4 𝑉𝑜𝑢𝑡

𝑉𝑖𝑛 𝐺𝐹
 

 

Where Vout is the excitation voltage (output) and is given by the manufacturer = 

0.577 V, Vin is the measured voltage (input) V = µV x 10-6, and GF is the gauge factor 

and is given by the manufacturer = 2.0. 

 

3.6 Data analysis 

The mean and standard deviation for each of the loading scenarios (10 loading 

cycles per each scenario) was calculated using data analysis software (Excel 2013, 

Office Professional Plus 2013, Microsoft, USA). The strain values of each denture were 

compared by calculating the increase or decrease difference between the dentures. 
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Chapter 4: Results 

This chapter is divided into two main sections. The first section reports the strain 

measurements under the five loading conditions on the three dentures. The second 

section reports the comparison between the three dentures during the same loading 

condition.  

4.1 Strain measurements 

The obtained data have been divided into three groups: complete denture (CD), 

single-implant overdenture (1-OD), and two-implant overdenture (2-OD). Each group 

displays the strain values from the five loading conditions separately: the left molars 

(LM), left premolars (LP), central incisors (CI), right premolars (RP), and right molars 

(RM). Each loading condition is presented in a figure that illustrates the obtained strain 

values from the eight strain gauges where each value is a mean of 10 loading cycles. 

The strain behaviour is presented in a coloured chart and picture, the red range 

represents tensile strain while the blue range represents compressive strain. The more 

intense the colour the higher the strain value that occurred on the tested surface. 

   



 

34 

 

Figure 4-1: Strain measurements of the complete denture (CD) during 
loading to 100 N on the left molars (LM). 

4.1.1 Strain measurements of the complete denture (CD) 

4.1.1.1 Loading to 100 N on left molars (LM) 

 The largest tensile strain values were observed on the lingual surface of the left 

canine/premolar area (gauge 6) and the buccal surface to the loading site (gauge 7) 

and with strain values of 381.9 µɛ and 341.2 µɛ respectively.  

 All other gauges exhibited far less strain values except gauge 8, which was a little 

more than the gauges 1-5 with a compressive strain value of -143.7 µɛ. 

 The gauges 1-2 and 3-4 showed tension in both buccal and lingual sides, whereas the 

gauges 5-6 and 7-8, each side that showed tensile strain was opposed by 

compressive strain on the opposite side when loaded (Figure 4-1). 
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Figure 4-2: Strain measurements of the complete denture (CD) during 
loading to 40 N on the left premolars (LP). 

4.1.1.2 Loading to 40 N on left premolars (LP) 

 The surface with the highest tensile strain value was close to the loading site on the 

buccal surface (gauge 5) with a strain value of 247.3 µɛ.  

 The other gauges exhibited less strain values except gauge 4 was a little more with a 

tensile strain value of 121.6 µɛ.  

 Each side that showed tensile strain was opposed by compressive strain on the 

opposite side when loaded (Figure 4-2).  
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Figure 4-3: Strain measurements of the complete denture (CD) during 
loading to 20 N on the central incisors (CI). 

4.1.1.3 Loading to 20 N on central incisors (CI) 

 The surface with the largest tensile strain value was the buccal surface to the loading 

site and midline (gauge 3) with a strain value of 306.2 µɛ.  

 The lingual surface of the right premolars (gauge 6) also had a fairly high tensile 

strain with a value of 203.7 µɛ.  

 The strain values of the other examined surfaces were considerably less than these in 

gauges 3 and 6.  

 Each side that showed tensile strain was opposed by compressive strain except 

gauges 7-8 showed compressive strain in both buccal and lingual sides (Figure 4-3). 
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Figure 4-4: Strain measurements of the complete denture (CD) during 
loading to 40 N on the right premolars (RP). 

4.1.1.4 Loading to 40 N on right premolars (RP) 

 The surface with the highest tensile strain value was on the buccal surface to the 

loading site (gauge 1) with a strain value of 390.4 µɛ.  

 Apart from the loading area, tensile strain was extended on the buccal surface from 

the midline area to left premolars area (gauges 4 and 6) with ranging from about 

83.5 µɛ to 122.1 µɛ.  

 Similar to the left premolar loading cycle (LP), each side that showed tensile strain 

was opposed by compressive strain on the opposite side when loaded (Figure 4-4). 
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Figure 4-5: Strain measurements of the complete denture (CD) during 
loading to 100 N on the right molars (RM). 

4.1.1.5 Loading to 100 N on right molars (RM) 

 The surface with the largest tensile strain value was the buccal side of the midline 

area (gauge 3) with a strain value of 92.5 µɛ. 

 The surfaces with the highest strain values were in compression on the lingual 

surfaces close to both right and left canine/premolar aspects (gauges 2 and 6) with 

compressive strain values ranging from about -115.7 µɛ to -155.1 µɛ. 

 Gauges 1-2 and 3-4 showed compression and tension respectively in both buccal and 

lingual sides, whereas the gauges 5-6 and 7-8 each side that showed tensile strain 

was opposed by compressive strain on the opposite side when loaded (Figure 4-5). 
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Figure 4-6: Strain measurements of the single-implant overdenture (1-OD) 
during loading to 100 N on the left molars (LM). 

4.1.2 Strain measurements of the single-implant overdenture (1-OD) 

4.1.2.1 Loading to 100 N on left molars (LM) 

 The surface with the highest tensile strain value was on the lingual surface of the left 

canine and first premolar area (gauge 6) with a strain value of 1003.0 µɛ. 

 The lingual surface to the loading site (gauge 8) showed lower tensile strain with a 

value of 70 µɛ, whereas the buccal surface (gauge 7) was in compression with the 

highest compressive strain value of -256.6 µɛ. 

 Each side that showed tensile strain was opposed by compressive strain on the 

opposite side when loaded except the buccal and lingual surfaces of the midline area 

(gauges 3 and 4) both surfaces showed compressive strain (Figure 4-6). 
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Figure 4-7: Strain measurements of the single-implant overdenture (1-OD) 
during loading to 40 N on the left premolars (LP). 

4.1.2.2 Loading to 40 N on left premolars (LP) 

 The surface with the largest tensile strain value was the lingual surface of the 

midline and implant (gauge 3) with a strain value of 543.4 µɛ.  

 Near the loading site, the buccal surface (gauge 5) showed lower tensile strain with a 

value of 91 µɛ while the lingual surface (gauge 6) was in compression with the 

highest compressive strain value of -486 µɛ. 

 The other gauges showed far less strain values except gauge 8 showed slightly high 

with a tensile strain value of 154.9 µɛ.   

 Each side that showed tensile strain was opposed by compressive strain on the 

opposite side when loaded (Figure 4-7). 
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Figure 4-8: Strain measurements of the single-implant overdenture (1-OD) 
during loading to 20 N on the central incisors (CI). 

4.1.2.3 Loading to 20 N on central incisors (CI) 

 The surface with the largest tensile strain value was the lingual surface to the loading 

site, midline and implant (gauge 4) with a strain value of 645.5 µɛ.  

 Apart from gauge 4, the other gauges exhibited far less strain values except gauge 6 

was a little more than those gauges with a tensile strain value of 132 µɛ.  

 Each side that showed tensile strain was opposed by compressive strain on the 

opposite side when loaded except the buccal and lingual surfaces of the midline area 

(gauges 3 and 4) both surfaces showed tensile strain (Figure 4-8). 
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Figure 4-9: Strain measurements of the single-implant overdenture (1-OD) 
during loading to 40 N on the right premolars (RP). 

4.1.2.4 Loading to 40 N on right premolars (RP) 

 The surfaces with the largest tensile strain values were the lingual surface of the 

midline and implant (gauge 4) and the buccal surface to the loading site (gauge 1) 

with strain values of 359.4 µɛ and 226.2 µɛ respectively.  

 The lingual surface to the loading site (gauge 2) was in compression with the highest 

compressive strain value of -348.0 µɛ.  

 The strain rates of the other examined surfaces were considerably low values. 

 Each side that showed tensile strain was opposed by compressive strain except 

gauges 7-8 showed compressive strain in both buccal and lingual sides (Figure 4-9). 

 

 

                                                                                                                                                      

                                                           

 

 

 

 

 

 

  

226.2

-348.0

-28.1

359.4

-13.4

67.8

-1.5 -2.5

-600.0

-400.0

-200.0

0.0

200.0

400.0

600.0

800.0

1000.0

C
o
m

p
r
e
s
s
io

n
  

  
  
  
  

  
  
  
 T

e
n

s
io

n

Strain ( X 10-6 )

   1        2 

 Buccal       Lingual  

1 

2 

3 

4 
5 

6 

7 

8 

   7        8 

 Buccal       Lingual  

   5        6 

 Buccal       Lingual  

   3        4 

 Buccal       Lingual  

   Keys: 

   1-8       Gauges numbers 

               Loading site 

               Implant 

                

 

-28.1 µɛ   

 

359.4 µɛ 



 

43 

 

Figure 4-10: Strain measurements of the single-implant overdenture (1-OD) 
during loading to 100 N on the right molars (RM). 

4.1.2.5 Loading to 100N on right molars (RM) 

 The surface with the largest tensile strain value was the buccal side of the right 

premolars aspect (gauge 1) with a strain value of 110.5 µɛ, whereas the lingual 

surface (gauge 2) showed the highest compressive strain value of -295.3 µɛ.  

 The strain on the buccal and lingual surfaces of the single implant and midline 

(gauges 3 and 4) was a compressive strain with values ranging from about -53.1 to -

96.1 µɛ. 

 The gauges 3-4 and 5-6 showed compression in both buccal and lingual sides, 

whereas the gauges 1-2 and 7-8, each side that showed tensile strain was opposed by 

compressive strain on the opposite side when loaded (Figure 4-10). 
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Figure 4-11: Strain measurements of the two-implant overdenture (2-OD) 
during loading to 100 N on the left molars (LM). 

4.1.3 Strain measurements of the two-implant overdenture (2-OD) 

4.1.3.1 Loading to 100 N on left molars (LM) 

 The surfaces with the largest tensile strain values were the buccal surface of the 

midline (gauge 3) and the lingual side to the left implant (gauge 6) with strain values 

of 174.4 µɛ and 172.4 µɛ respectively. Moreover, slightly lower tensile strain values 

occurred on both buccal and lingual sides to the loading site (gauges 7 and 8). 

 The surface with the largest compressive strain value was the lingual surface of the 

midline with a strain value of -246.8 µɛ. 

 Each side that showed tensile strain was opposed by compressive strain except 

gauges 7-8 showed tensile strain in both buccal and lingual sides (Figure 4-11). 
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Figure 4-12: Strain measurements of the two-implant overdenture (2-OD) 
during loading to 40 N on the left premolars (LP). 

4.1.3.2 Loading to 40 N on left premolars (LP) 

 Low strain values were observed during this loading cycle. Nevertheless, the surface 

with the largest tensile strain value was the buccal side to the left implant (gauge 5) 

with a strain value of 137 µɛ.  

 Both buccal and lingual surfaces of the midline (gauge 3 and 4) were in tension with 

lower values than the loading area ranging from 23.7 µɛ to 73.2 µɛ.  

 All the measured surfaces showed tensile strain in both buccal and lingual sides 

ranging between 23.7 to 137.0 µɛ except the gauges 1-2 showed tensile strain in the 

buccal side and compressive strain in the lingual side (Figure 4-12). 
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Figure 4-13: Strain measurements of the two-implant overdenture (2-OD) 
during loading to 20 N on the central incisors (CI). 

4.1.3.3 Loading to 20 N on central incisors (CI) 

 The surface with the largest tensile strain value was the buccal side to the loading 

site and midline (gauge 3) with a strain value of 297.6 µɛ, whereas the lingual side 

(gauge 4) was in compression with a strain value of -487.3 µɛ.  

 The tensile strain values of the lingual surfaces to both right and left implants 

(gauges 2 and 6) were fairly higher than the opposite buccal surfaces (gauges 1 and 

5) with strain values between 139.1 µɛ and 173.9 µɛ from the lingual gauges and 

between 63.8 µɛ and 52.5 µɛ from the buccal gauges.  

 The gauges 1-2, 5-6, and 7-8 showed either tension or compression in both buccal 

and lingual sides, whereas the gauges 3-4 showed tension opposed by compression 

(Figure 4-13). 
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Figure 4-14: Strain measurements of the two-implant overdenture (2-OD) 
during loading to 40 N on the right premolars (RP). 

4.1.3.4 Loading to 40 N on right premolars (RP) 

 Low strain values were observed during this loading cycle. Nevertheless, the surface 

with the largest tensile strain value was the lingual surface to the midline (gauge 4) 

with a strain value of 143.9 µɛ.  

 The lingual sides for both right and left implants (gauges 2 and 6) were in tension 

with strain values of 82.8 µɛ and 57.7 µɛ respectively, while the buccal sides 

(gauges 1 and 5) were in compression with strain values of -48.2 µɛ and -11.9 µɛ 

respectively.  

 The gauges 3-4 and 7-8 showed either tension or compression in both buccal and 

lingual sides, whereas the gauges 1-2 and 5-6 showed tension opposed by 

compression (Figure 4-14). 
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Figure 4-15: Strain measurements of the two-implant overdenture (2-OD) 
during loading to 100 N on the right molars (RM). 

4.1.3.5 Loading to 100 N on right molars (RM) 

 The surface with the largest tensile strain value was the lingual surface to the 

midline (gauge 3) with a strain value of 733.1 µɛ.  

 Near the right implant, the buccal surface (gauge 1) was in compression, while the 

lingual surface (gauge 2) was in tension. The reverse situation occurred near the left 

implant (gauges 5 and 6). However, the compressive strain on the lingual surface 

(gauge 6) was the highest with a strain value of -600.6 µɛ  

 Each side that showed tensile strain was opposed by compressive strain except the 

midline area (gauges 3 and 4) showed tensile strain in both buccal and lingual sides 

(Figure 4-15). 
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4.2 Comparison between the three dentures 

To show the comparisons between the three dentures, each denture was 

segmented into four areas according to their locations (Figure 4-16):  

 ML: midline area (gauges 3 and 4);  

 RCP: right canine/premolar area (gauges 1 and 2);  

 LCP: left canine/premolar area (gauges 5 and 6);  

 M: left molar area (gauges 7 and 8).  

 

                                      Figure 4-16: The four areas that are segmented for the comparison  

 

The comparison between the three dentures (Table 4-1) was based on the loading 

conditions (left molars LM, left premolars LP, central incisors CI, right premolars RP 

and right molars RM) and the highest strain values above or below the range  +- 200 µɛ 

(-200 ≥ µɛ ≥ 200). When one or more high strain value occurred in a surface, this value 

was compared with the same surfaces of the other dentures during the same loading 

condition (Table 4-1, Figure 4-17 to 4-21). No statistical analysis test was performed 

for this comparison because no overlapping was detected within the means or standard 

of deviation.  
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Table 4-1: each value represents a mean of ten repeated tests. The positive numbers indicate tensile strain value 
while the negative indicate compressive strain value. 

  Loading condition 

 Surface Denture LM LP CI RP RM 

M
id

li
n

e 
A

re
a
 Buccal 

(Gauge 3) 

CD 30.3 -44.3 306.2 -9.8 92.5 

1-OD -56.4 -15.7 22.4 -28.1 -53.1 

2-OD 174.4 23.7 297.6 17.5 66.5 

Lingual 

(Gauge 4) 

CD 61.0 121.6 -24.5 122.1 30.9 

1-OD -181.9 543.4 645.5 359.4 -96.1 

2-OD -246.8 73.2 -487.3 143.9 733.1 

        

R
ig

h
t 

C
a

n
in

e 
/ 

P
re

m
o
la

r 
A

re
a
 

Buccal 

(Gauge 1) 

CD 30.9 -26.0 -47.4 390.4 -35.6 

1-OD 93.1 -38.0 -19.5 226.2 110.5 

2-OD 67.9 16.5 63.8 -48.2 -122.5 

Lingual 

(Gauge 2) 

CD 10.8 19.8 70.8 -95.3 -115.7 

1-OD -57.1 21.4 26.9 -348.0 -295.3 

2-OD -189.6 -26.7 139.1 82.8 166.0 

        

L
ef

t 
C

a
n

in
e 

/ 

P
re

m
o
la

r 
A

re
a
 

Buccal 

(Gauge 5) 

CD -19.3 247.3 -50.6 -21.8 32.0 

1-OD -46.0 91.0 -38.0 -13.4 -39.5 

2-OD -15.8 137.0 52.5 -11.9 127.2 

Lingual 

(Gauge 6) 

CD 381.9 -100.6 203.7 83.5 -155.1 

1-OD 1003.0 -486.0 132.0 67.8 -249.5 

2-OD 172.4 64.9 173.9 57.7 -600.6 

        

L
ef

t 
M

o
la

r 
A

re
a
 

Buccal 

(Gauge 7) 

CD 341.2 34.8 -1.3 6.2 -55.0 

1-OD -256.6 -78.1 8.1 -1.5 -44.6 

2-OD 130.3 39.0 -7.1 -7.2 -26.1 

Lingual 

(Gauge 8) 

CD -143.7 -26.6 -7.7 -11.8 63.5 

1-OD 70.0 154.9 -18.1 -2.5 62.1 

2-OD 121.0 55.7 -11.0 -14.8 93.3 
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Figure 4-17: Comparison between the three dentures 
during loading on the left molars (LM). 

4.2.1 Comparison between the three dentures during loading on left molars (LM)  

As shown in Figure 4-17, the compared groups were gauge 4 from the midline 

area (ML), gauge 6 from the left canine/premolar area (LCP), and gauge 7 from the 

molars area (M). 
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The midline area (ML) exhibited high strain value from the lingual surface 

(gauge 4) of the two-implant overdenture (2-OD) with a compressive strain value of -

246.8 µɛ. In comparison with the other dentures, the lingual surface of the midline area 

of the complete denture (CD) was in tension while the overdentures (1-OD and 2-OD) 

were in compression. The strain in this area shifted from tensile strain to compressive 

strain when a single or double implants were involved. 

 

The left canine/premolar area (LCP) presented high tensile strain from the 

lingual surface (gauge 6) of both the CD and 1-OD with strain values of 381.9 µɛ and 

1003 µɛ respectively, while the two-implant overdenture (2-OD) showed lower tensile 

strain with a value of 172.4 µɛ. This surface of the three dentures showed only tensile 

strain during this loading cycle. The tensile strain in the 1-OD increased dramatically 

by 2.6 times when compared to the CD, with a difference of 621.1 µɛ, while the strain 

in the two-implant overdenture (2-OD) decreased by 2.2 times with a difference of 

209.5 µɛ.  

 

The molar area (M) was the loaded area. High strain values were detected 

from the buccal surface (gauge 7) of both the CD and 1-OD with strain values of 341.2 

µɛ and -256.6 µɛ respectively. This area showed high strain only during this loading 

cycle when the loading site was nearby. Only the 1-OD exhibited compressive strain 

while the CD and two-implant overdenture (2-OD) exhibited tensile strain. The tensile 

strain in the two-implant overdenture (2-OD) decreased by 2.6 times when compared to 

the CD, with a difference of 210.9 µɛ, while the strain in the 1-OD changed to 

compressive strain.  

  



 

53 

121.6

247.3

-100.6

543.4

91

-486

73.2
137

64.9

-600

-400

-200

0

200

400

600

800

1000

C
o
m

p
r
e
s
s
io

n
  
  

  
  

  
  

  
  

 T
e
n

s
io

n

Strain ( X 10-6 )

 

   Keys: 

              Complete denture (CD) 

              Single-implant overdenture (1-OD) 

              Two implant-overdenture (2-OD) 

   1-8      Gauges numbers 

              Loading site 

              Implant 

                

 

Figure 4-18: Comparison between the three dentures 
during loading on the left premolars (LP). 

4.2.2 Comparison between the three dentures during loading on left premolars (LP)  

From Figure 4-18 below, it can be seen that the compared groups were gauge 4 

from the midline area (ML), and gauges 5 and 6 from the left canine/premolar area 

(LCP). 
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The midline area (ML) exhibited high tensile strain value from the lingual 

surface (gauge 4) of the single-implant overdenture (1-OD) with a strain value of 543.4 

µɛ, while the complete denture (CD) and two-implant overdenture (2-OD) showed 

lower tensile strain with values of 121.6 µɛ and 73.3 µɛ respectively. This surface was 

in tension in all the three dentures during this loading cycle. The tensile strain in the 1-

OD increased significantly by 4.5 times when compared to the CD with a difference of 

421.8 µɛ, while the 2-OD decreased by 1.7 times with a difference of 48.4 µɛ.  

 

The left canine/premolar area (LCP) was the loaded area and exhibited high 

strain values on the buccal surface (gauge 5) of the CD and the lingual surface (gauge 

6) of the 1-OD with strain values of 247.3 µɛ and -486 µɛ respectively. The buccal 

surface of the three dentures showed only tensile strain during this loading cycle. The 

tensile strain in the 1-OD decreased by 2.7 times when compared to the CD with a 

difference of 156.3 µɛ, while the 2-OD decreased by 1.8 times with a difference of 

110.3 µɛ. In comparison between the overdentures (1-OD and 2-OD), the tensile strain 

in the 2-OD was larger than that in 1-OD. This can be due to the presence of the left 

implant in the 2-OD near the loading site. On the other hand, the lingual surface 

exhibited only tensile strain in the 2-OD with a strain value of 64.9 µɛ, while 

compressive strain occurred in the CD and 1-OD with strain values of -100.6 µɛ and -

486 µɛ respectively. The compressive strain in the 1-OD increased significantly by 4.8 

times when compared to the CD, with a difference of 385.4 µɛ, while the strain in the 

2-OD changed to tensile strain.  
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Figure 4-19: Comparison between the three dentures 
during loading on the central incisors (CI). 

4.2.3 Comparison between the three dentures during loading on central incisors (CI)  

As shown in Figure 4-19, the compared groups were gauges 3 and 4 from the 

midline area (ML), and gauge 6 from the left canine/premolar area (LCP). 
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The midline area (ML) was the loaded area and exhibited high strain in the 

buccal surface (gauge 3) of the complete denture (CD) and two-implant overdenture (2-

OD) with strain values of 306.2 µɛ and 297.6 µɛ respectively. The opposite lingual 

surface (gauge 4) exhibited high strain in the single-implant overdenture (1-OD) and 

two-implant overdenture (2-OD) with strain values of 645.5 µɛ and -487.3 µɛ 

respectively. The buccal surface of the three dentures showed only tensile strain during 

this loading cycle. The tensile strain in the 1-OD decreased significantly by 13.7 times 

when compared to the CD with a difference of 283.3 µɛ, while the 2-OD showed no 

difference when the strain was compared to the CD. On the other hand, the lingual 

surface exhibited tensile strain in the 1-OD while compressive strain occurred in the 

CD and 2-OD. The compressive strain in the 2-OD increased significantly by 19.9 

times when compared to the CD with a difference of 462.8 µɛ, while the 1-OD changed 

dramatically to high tensile strain.  

 

The left canine/premolar area (LCP) exhibited high strain value in the lingual 

surface (gauge 6) of the CD with a tensile strain value of 203.7 µɛ. This surface of the 

three dentures showed only tensile strain during this loading cycle with no significant 

differences. The tensile strain in the 1-OD decreased by 1.5 times when compared to 

the CD with a difference of 71.7 µɛ, while the 2-OD decreased slightly by 1.2 times 

with a difference of 29.8 µɛ. 
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Figure 4-20: Comparison between the three dentures 
during loading on the right premolars (RP). 

4.2.4 Comparison between the three dentures during loading on right premolars (RP) 

As shown in Figure 4-20, the compared groups were gauge 4 from the midline 

area (ML) and gauges 1 and 2 from the right canine/premolar area (RCP). 
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Similar to left premolar loading cycle (LP), the midline area (ML) during right 

premolars loading cycle exhibited high tensile strain in the lingual surface (gauge 4) of 

the single-implant overdenture (1-OD) with a strain value of 359.4 µɛ. This surface of 

the three dentures showed only tensile strain during this loading cycle. The tensile 

strain in the 1-OD increased by 2.9 times when compared to the complete denture (CD) 

with a difference of 237.3 µɛ, while no changes occurred when the two-implant 

overdenture (2-OD) was compared to the CD with tensile strain values of between 

122.1 µɛ and 143.9 µɛ. The increase in strain value in the 1-OD can be due to the 

presence of the single implant in the midline area. 

 

The right canine/premolar area (RCP) was the loaded area and exhibited high 

strain in the buccal surface (gauge 1) of the CD and 1-OD with strain values of 390.4 

µɛ and 226.2 µɛ respectively. The opposite lingual surface (gauge 2) of the 1-OD 

exhibited high compressive strain with a value of -348 µɛ. The buccal surface showed 

tensile strain in the CD and 1-OD while compressive strain occurred in the 2-OD. The 

tensile strain in the 1-OD decreased by 1.7 times when compared to the CD with a 

difference of 164.4 µɛ, while the strain in the 2-OD changed to compressive strain 

when compared to the CD. On the other hand, the lingual surface exhibited tensile 

strain in the 2-OD while compressive strain occurred in the CD and 1-OD. The 

compressive strain in the 1-OD increased by 3.6 times when compared to the CD with a 

difference of 252.7 µɛ, while the strain in the 2-OD changed to tensile strain when 

compared to the CD. 
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Figure 4-21: Comparison between the three dentures 
during loading on the right molars (RM). 

4.2.5 Comparison between the three dentures during loading on right molars (RM)  

As shown in Figure 4-21, the compared groups were gauge 4 from the midline 

area (ML), gauge 2 from the right canine/premolar area (RCP), and gauge 6 from left 

canine/premolar area (LCP). 
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The midline area (ML) exhibited high tensile strain in the lingual surface 

(gauge 4) of the two-implant overdenture (2-OD) with a strain value of 733.1 µɛ. This 

surface showed tensile strain in the complete denture (CD) and 2-OD while 

compressive strain occurred in the single-implant overdenture (1-OD). The tensile 

strain in the 2-OD increased dramatically by 23.7 times when compared to the CD with 

a difference of 702.2 µɛ, while the strain in the 1-OD changed to compressive strain 

when compared to the CD. 

  

The right canine/premolar area (RCP) was the loaded area and exhibited high 

compressive strain in the lingual surface (gauge 2) of the 1-OD with a strain value of -

295.3 µɛ. This surface showed tensile strain in the 2-OD while compressive strain 

occurred in the CD and 1-OD. The compressive strain in the 1-OD increased by 2.2 

times when compared to the CD with a difference of 179.6 µɛ, while the strain in the 2-

OD changed to tensile strain with a value of 166 µɛ. 

 

The left canine/premolar area (LCP) showed high compressive strain from 

the lingual surface (gauge 6) of both overdentures (1-OD and 2-OD) with strain values 

of -249.5 µɛ and -600.6 µɛ respectively, while the CD showed lower compressive strain 

with a value of -155.1 µɛ. This surface of the three dentures showed only compressive 

strain during this loading cycle. The compressive strain in the 2-OD increased 

significantly by 3.9 times when compared to the CD, with a difference of 445.5 µɛ, 

while the strain in the 1-OD increased slightly by 1.6 times with a difference of 94.4 µɛ. 
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Chapter 5: Discussion 

5.1 Introduction  

Fracture failure is a problem associated with complete denture prostheses. This 

issue can be developed in implant-retained dentures, especially in the mandible. The 

implant number may have some influence on this mechanical complication. Two 

implants were reported as the least number of implants for mandibular complete 

denture support (Thomason et al., 2012). Recent studies suggested a single implant for 

reasons such as financial limitations (Harder et al., 2011). However, the relationship 

between the implant number and mandibular overdenture fracture has not been properly 

addressed. Gonda et al. (2010) compared mandibular overdentures retained by one and 

two implants. They found that there was no major difference in fracture incidence 

between the two overdentures. This finding may have been different if the overdentures 

were reinforced by either metal or fibre reinforcement. Earlier, Gonda et al. (2007) 

compared metal reinforcement methods for mandibular overdentures retained by two 

teeth. The literature review revealed that the relationship between the number of 

implants and fracture failure of mandibular reinforced overdentures has not yet been 

reported. Therefore, the purpose of this study was to evaluate the influence of single 

and double implants on strain distribution of mandibular metal-reinforced overdentures 

and compare this to a mandibular metal-reinforced complete denture. 

This study evaluated three metal-reinforced mandibular complete dentures: 

conventional complete denture (CD), single-implant overdenture (1-OD), and two-

implant overdenture (2-OD). To measure strain distribution, eight strain gauges were 

attached to both buccal and lingual surfaces of each denture. These gauges recorded the 
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strain behaviour during five (vertical) loading conditions: 100 N on the left molars 

(LM), 40 N on the left premolars (LP), 20 N on the central incisors (CI), 40 N on the 

right premolars (RP), and 100 N on the right molars (RM). This chapter will discuss 

factors that may influence the strain distribution during testing followed by the major 

differences between the three dentures, based on the midline area, canine/premolar 

areas (both left and right sides) and molar area (left side only). The chapter will 

conclude with a brief discussion on the limitations of the study and a summary of the 

major findings. 

5.2 Factors that may influence the strain distribution during testing 

The distribution of the strain within a mandibular complete denture was 

inconstant and dependent on several variables such as: 

5.2.1 The strain gauge system 

The use of a strain gauge technique for measuring a strain value is a very 

sensitive procedure that involves multiple components. A simple error can be enough to 

alter the results. In addition, the strain gauge only measures the surface where it has 

been attached. Therefore, the recorded strain from a prosthesis can be dependent on the 

location of the gauge. For example, the strain concentration near the border of the 

midline from the lingual flange can be higher than the strain in an area a few 

millimetres above (Elsyad et al., 2013, Gonda et al., 2007, and Dong et al., 2006). 

Therefore, for this reason, the placement of the gauges was carefully duplicated for 

each of the three dentures to minimise any errors between the three designs. 
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5.2.2 The thickness of the denture base acrylic 

Due to the fact that the strain gauge can only measure the strain of the surface, the 

distance between the loaded point and the measured surface can play a major role in 

delivering the strain. Within a thick acrylic, this distance may dissipate the concentrated 

strain before it reaches the external surface. Therefore, the strain distribution within the 

prosthesis can be altered with the change of the acrylic thickness. Moreover, the thinner 

the acrylic resin the more flexible the structure. Consequently, high strain may occur 

when the concentrated strain reaches the measured surface via the short distance and 

the strain distribution is variable with the change of the load applied. In the case of a 

metal reinforced denture, the thickness of the acrylic resin may be minimised due to the 

presence of the metal framework within the denture. These thin areas may cause even 

higher strain concentration. To ensure that there was consistent thickness of the denture 

base flanges between the three designs, the method of manufacture employed labial and 

lingual silicone putty matrices to duplicate the waxed up denture bases as outlined in 

section 3.3.2 of Materials and Methods chapter.  

 

5.2.3 The reinforcement 

The type, size, and position of the reinforcement material can majorly change the 

strain distribution within the denture. Gonda et al. (2007) compared a non-reinforced 

overdenture with different types of metal reinforcement. They found that the nature of 

the strain in some areas had changed from tension to compression and vice versa. The 

reinforcement material may act as a dissipation factor for the strain distribution 

depending on the reinforcing type, size, and position. Moreover, there was a direct 

relationship between the metal framework reinforcement and the thickness of the 
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acrylic resin. The framework may minimise the thickness of the acrylic resin leading to 

high strain concentration within the reinforced denture base resin flange/material. The 

current study deliberately chose a looped reinforcing framework design over the 

smooth and straight wire type. Because, the smoothness and straightness of the wire, 

this can create internal defects between metal and acrylic resin as the two surfaces slide 

over each other during flexure causing fatigue initiation. However, a study by Carrol 

and von Fraunhofer (1984) found that loops in a reinforcing system increased the 

mechanical bonding component of the denture strength. Furthermore, the looped design 

mechanical retention was enhanced by sandblasting the surface to maximise the 

mechanical interlock between the two layers preventing the foregoing situation from 

arising. This approach was supported in the study by Vallittu and Lassil (1992). They 

found that sandblasting metal surfaces on wire reinforcing increased the fracture 

resistance of the denture base resin. 

 

5.2.4 The quality of mucosa simulant material (silicone) 

The problem of compressible or movable mucosa can influence the success of the 

complete denture treatment. In the case of implant overdentures, this issue can also 

influence the strain distribution within the denture. The mucosa supports the distal 

cantilever sides of the mandibular one or two implant overdenture. When this soft 

tissue is compressible or movable, high strain concentration may occur in the denture 

due to the unbalanced bending. In the case of in vitro models, the mucosa was 

simulated by the use of silicone. The quality of this silicone and the recovery time may 

result in a different resilience to that of compressible mucosa thereby causing a 

discrepancy in the simulation. As a result, the recovery details of the mucosa and 
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silicone can influence the nature of the strain within the dentures. While this study did 

not measure the resilience of the silicone and compare it to a typical mucosa, the use of 

the same silicone material applied to all the three denture designs, still showed the 

influence of the implants on the strain distribution and allowed for comparison between 

them. 

 

5.2.5 The implant matrix quality and location 

Implant matrix incorporation technique into the denture base is usually done by 

the use of a self-curing polymerising acrylic. Any bonding error between this resin and 

the heat-cured acrylic may affect the strain behaviour at this area. In addition, 

insufficient polymerisation and/or air bubbles that may occur during this incorporation 

will cause strain concentration within this section and is prone to fracture failure when 

loaded. Moreover, the mechanical retention component of the implant matrix may also 

be involved in distributing the strain from the implant components to the overdenture. 

In the current study, care was taken to grind the same diameter and depth of hole in the 

acrylic so that the same amount of self-curing resin was used for each implant matrix. 

In addition, to ensure complete polymerisation, the resin was poured into the holes and 

the models were then placed in a water pressure pot set at 45°C for complete 

polymerisation. The use of the same procedure for the two implant overdenture models 

still showed an influence on the strain distribution and allowed for comparison between 

them. 
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5.2.6 Non-symmetrical quadrants 

The right and left sides of patient’s mandibular complete dentures, including the 

dentures used for the current study, are usually non-symmetrical. The design used in 

this study was based on an actual patient and therefore caused dissimilarity in strain 

distribution when the opposite quadrants were loaded individually. For instance, during 

loading on the right molars, the nature of the strain and value in the midline area was 

not similar to the nature of the strain and value of the same area during loading on the 

left molars. Therefore, in order to allow comparison between the dentures in the current 

study, the same materials, denture teeth, set-up arrangement, denture base shape etc., 

and testing procedure were duplicated and applied to all three models.  

 

5.2.7 Reliability and validity of the results. 

By addressing the issues raised in section 5.2.1 to 5.2.6, the methodology allowed 

for the direct comparison between the denture designs and thereby allow us to have 

confidence in the comparative results. 

 

5.3 The major findings between the dentures  

5.3.1 Midline area  

In comparison to the complete denture (CD), the major finding in the single-

implant overdenture (1-OD) occurred when right and left premolars were loaded 

(Figure 4-18 and 4-20). The tensile strain in the lingual surface of the midline area 

increased by 2.9 and 4.5 times with strain values of 359.4 µɛ and 543.4 µɛ respectively. 
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Another important finding as that when the central incisors were loaded (Figure 4-19), 

the strain in the lingual surface shifted steeply from low compressive strain (-24.5 µɛ) 

to high tensile strain (645.5 µɛ), while the tensile strain in the buccal surface dropped 

sharply by 13.7 times to a stable level (22.4 µɛ). 

On the other hand, the major finding in the two-implant overdenture (2-OD), in 

comparison to the CD, occurred when the right molars were loaded (Figure 4-21). The 

tensile strain in the lingual surface of the midline area increased sharply by 23.7 times 

with a strain value of 733.1 µɛ. When left molars were loaded (Figure 4-17), the strain 

in this lingual surface shifted from low tensile strain (61 µɛ) to high compressive strain 

(-246.8 µɛ). Moreover, when central incisors were loaded (Figure 4-19), the 

compressive strain in the lingual surface increased by 19.9 times with a strain value of -

487.3 µɛ when compared to the CD. 

These findings indicate that the midline area of the 1-OD can be strongly 

influenced only when a vertical load is applied on the occlusal surface somewhere 

between the central incisors and premolars. This load can increase and/or change the 

nature of the strain to high tensile strain, which may be a reason for fracture failure with 

time. In comparison, the midline area of the 2-OD can be influenced only when a 

vertical load is applied on molars or central incisors. This influence can be less critical 

than that in the 1-OD because these loads on the 2-OD caused mostly compressive 

strain while loads on the 1-OD caused only high tensile strain in midline area. 

There are similarities between strain behaviour in midline of a metal-reinforced 

two-implant overdenture in the current study and those illustrated by Gonda et al. 

(2007). They found that the major influence that occurred in the midline area was when 

load was applied on molars while there were no important findings when load was 

applied on premolars. In addition, these results agreed with Gonda et al.’s (2010) 



 

68 

findings, which showed that 64% of fractures in single-implant overdentures (non-

reinforced) accrued in the midline area versus less than 17% in two-implant 

overdentures (non-reinforced). To the best of my knowledge, studies on strain 

behaviour in the midline of a metal-reinforced single-implant overdenture have not 

previously been reported. 

The possible explanation for the high strain concentration in the midline area of 

all the dentures (CD, 1-OD, and 2-OD) during loading on the central incisors can be 

because this area was subjected to the loading force. Otherwise, this possibility can be 

associated with at least one another influence factor such as the acrylic thickness. In 

addition, the midline area is also the implant location in the 1-OD. 

The possible explanation for the high strain concentration in the midline area of 

the 1-OD during loading on both right and left premolars can be because the loaded 

quadrant was subjected to the three point bending concept, in which both ends of the 

loaded quadrant (implant and retromolar pad area) act as outer supports to the loading 

direction on the premolars. This resulted in high strain concentration in the midline 

area. In terms of the nature of the strain, the tension situation that occurred in the 

middle area during loading both right and left premolars loading can be due to the three 

point-bending condition, where the lingual surface to the loaded point showed high 

compressive strain and the implant changed the direction causing high tensile strain. 

Furthermore, one or more of the previously described influencing factors may have 

controlled the strain distribution within the 1-OD.  

 

The possible explanation for the high strain concentration in the midline area of 

the 2-OD during loading on both right and left molars can be because the loaded 

quadrant was subjected to a class three levers concept. The load was applied to the 
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molar ends, the implant of the same quadrant was the fulcrum, and the midline area we 

the effort. When the molars were loaded, the effort (midline area) should have 

responded by moving to the opposite direction. However, the other implant acted as a 

resistor by controlling this behaviour causing high strain concentration in the midline 

area. In terms of the nature of the strain, the previously described influencing factors 

may have controlled the strain distribution because strain variation occurred when both 

right and left molars were loaded. 

 

5.3.2 Canine/premolar areas 

5.3.2.1 Right canine/premolar area  

In comparison to the complete denture (CD), the major finding in the single-

implant overdenture (1-OD) occurred when only right premolars and molars were 

loaded close to the measured area (Figure 4-20 and 4-21). The compressive strain in the 

lingual surface of the right canine/premolar area increased by 3.6 and 2.2 times with 

strain values of -348 and -295.3 µɛ respectively. In addition, when right premolars were 

loaded, the tensile strain in the buccal surface slightly decreased by 1.7 times with a 

strain value of 226.2 µɛ. 

On the other hand, the changes in the two-implant overdenture (2-OD) were 

minimal. When right premolars were loaded (Figure 4-20), the strain in the buccal 

surface shifted from high tensile strain (390.4 µɛ) to low compressive strain (-48.2 µɛ).  

These findings mean that the right canine/premolar area of the 1-OD can be 

influenced when a vertical load is applied close to it on the occlusal surface of the right 

posterior teeth. The increase in compressive strain in the lingual surface is not perilous 

and may not be a reason for fracture failure. However, high tensile strain in the buccal 
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area may cause fracture failure. On the other hand, the high tensile strain occurred in 

the CD shifted to low compressive strain in the 2-OD, which could minimise the chance 

of fracture. 

 

5.3.2.2 Left canine/premolar area 

In comparison to the CD, the major finding in the 1-OD occurred when the left 

molars were loaded (Figure 4-17). The tensile strain in the lingual surface increased 

dramatically by 2.6 times with a strain value of 1003 µɛ. In addition, when left 

premolars were loaded (Figure 4-18), the compressive strain in the lingual surface 

increased by 4.8 times with a strain value of -486 µɛ, while the tensile strain in the 

buccal surface decreased by 2.7 times with a strain value of 91 µɛ. 

On the other hand, the major finding in the 2-OD, in comparison to the CD, 

occurred when the right molars were loaded (Figure 4-21). The compressive strain in 

the lingual surface of the left canine/premolar area increased by 3.9 times with a strain 

value of -600.6 µɛ. While when left molars were loaded (Figure 4-17), the tensile strain 

in the lingual surface decreased by 2.2 times with a strain value of 172.4 µɛ. In 

addition, when the central incisors were loaded (Figure 4-19), the tensile strain in this 

area decreased slightly with a strain value of 173.9 µɛ. 

Similar to the right canine/premolar area, these findings mean that the left 

canine/premolar area of the 1-OD can be influenced when a vertical load is applied 

close to it on the occlusal surface of the left posterior teeth. However, this area of the 1-

OD is more prone to fracture when a force is applied on molars, while when similar 

forces are applied on the 2-OD, the chance of fracture is even less than on a complete 

denture that is designed without implants.  
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5.3.2.3 Right and left canine/premolar areas  

In spite of the presence of two implants in both right and left sides of a 2-OD, the 

results of the current study found that these areas are less likely to fracture during 

function. In other words, the over-implant fracture in a 2-OD can be minimised with the 

use of a metal framework reinforcement. Therefore, these findings further support 

studies such as those by Gonda et al. (2007), Sadowsky (2001), and Vallittu (1993). 

These studies suggested the use of metal reinforcement to avoid over-implant fracture 

in a 2-OD.  

 

5.3.2.3.1 Possible explanations for the major findings during premolars loadings 

One of the possible explanations for the high concentration in right and left 

canine/premolar areas of the 1-OD during loading (Figure 4-18 and 4-20) on both right 

and left premolars was because these areas were subjected to the loading forces. 

Alternatively, when the load was applied on the premolar teeth, the loaded quadrant 

was subjected to the three point bending concept in which both ends of this quadrant 

(implant and retro-molar pad area) act as outer supports to the loading direction on the 

premolars. However, the central incisors end (midline area) was controlled by the 

single implant. Consequently, high strain concentration occurred in the loaded area 

(canine/premolar) and the central incisors end (midline). In terms of the nature of the 

strain, when these areas in the CD and 1-OD were loaded, compressive strain occurred 

on the lingual flange and tensile strain occurred on the buccal flange with similar or 

higher strain values in the 1-OD than the CD.  

With respect to the high concentration occurring on the right and left 

canine/premolar areas in the 1-OD and CD, which may be due to the loading forces 

were applied on them, the 2-OD did not show high strain concentration in the right and 
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left canine/premolar areas when these areas were loaded. On the contrary, the presence 

of the two implants in a reinforced overdenture showed dissipation of the strain and low 

values occurred. Furthermore, the nature of strain in these areas of the 2-OD was not 

identical with the other dentures during the same loading condition. Both buccal and 

lingual surfaces of the left canine/premolar area showed tensile strain when this area 

was loaded, while when the right canine/premolar area was loaded, the same area 

showed tensile strain on the lingual surface and compressive strain in the buccal 

surface. This dissimilarity in the nature of the strain during loading the right and left 

quadrants may prove that there are at least one factor, such as the thickness of acrylic or 

non-symmetrical quadrants, can influence the strain distribution within the denture.   

 

5.3.2.3.2 Possible explanations for the major findings during molars loadings 

The possible explanation for the high strain concentration in the right and left 

canine/premolar area (Figure 4-17 and 4-21) of the 1-OD during loading on both right 

and left molars may be due to the loaded quadrant being subjected to a class three 

levers concept. The load was on the molars, the single implant was the fulcrum and the 

canine/premolar area was the effort. When the molars were loaded, the effort 

(canine/premolar area) showed high strain concentration. In terms of the nature of the 

strain, the results of these conditions showed more evidence that multiple factors can 

influence the strain distribution within the denture. In the CD, both right and left lingual 

surfaces showed compressive strain during loading on the right molars. However, when 

the left molars were loaded, these surfaces showed tensile strain. This dissimilarity also 

occurred in the 1-OD where both right and left lingual surfaces showed compressive 

strain during loading on the right molars, while tension and compression occurred in 

these surfaces during loading on the left molars. On the other hand, the expected mirror 
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image behaviour of the nature of the strain, during loading on the right and left molars, 

occurred only in the 2-OD. When the molars of one of the quadrants was loaded, the 

buccal and lingual surfaces of the same quadrant showed compression and tension 

respectively, while the other side quadrant showed tension and compression 

respectively. This situation can also be classified as an inversion behaviour because the 

tensile strain turned to compressive strain and vice versa. The inversion behaviour also 

occurred in the CD but not the mirror image behaviour. In contrast, the 1-OD showed 

no changes in the nature of the strain between right and left molars loadings except the 

lingual surface of the left canine/premolar area. 

 

5.3.3 Molars area 

In comparison to the complete denture (CD), the major finding in both single and 

two-implant overdentures (1-OD and 2-OD) occurred when left molars were loaded 

(Figure 4-17). In the 1-OD, the strain in the buccal surface shifted from high tensile 

strain (341.2 µɛ) to compressive strain (-256.6 µɛ). On the other hand, the tensile strain 

in the same aspect of the 2-OD decreased to 130.3 µɛ. 

These findings mean that the influence on the molars area is minimal and occurs 

only when molar teeth of the same quadrant are vertically loaded. However, this area in 

both overdentures seems to be more stable than that in the CD.  

The possible explanation for the high strain concentration in the left molars area 

of the CD and 1-OD during loading on the left molars can be because this area was 

subjected to the loading force. Otherwise, this possibility can be associated with the 

influence of the reinforcement by the metal framework. On the other hand, the left 

molars area of the 2-OD did not show any strain concentration during all the loading 
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conditions. This may be due to the presence of the two implants, dissipating the 

concentrated strain with the metal framework.    

 

5.4 Limitations of the study 

Several limitations of this study need to be acknowledged:  

1- The strain gauges were only placed on the buccal and lingual flange surfaces. 

Therefore, the entire structure and the metal framework were not evaluated. 

2- The thickness of acrylic in denture bases were not uniform due to a clinical case 

scenario being adopted. A future study should consider a more simple uniform 

design. 

3- The use of non-reinforced overdentures for comparison with reinforced 

overdentures could be more useful if included in this study. 
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Chapter 6: Conclusion 

The study set out to evaluate the influence of single and double implants on the 

strain distribution of mandibular metal-reinforced overdentures in vitro. The result of 

this investigation showed that:  

 In the single-implant overdenture, when the molar teeth were vertically loaded, 

strain concentration occurred in the canine/premolar area of the same quadrant. 

This concentration moved towards the midline area as the load moved towards 

mesial passing through premolars to central incisors.  

 In the two-implant overdenture, when molar teeth were vertically loaded, strain 

concentration occurred in the midline area. This concentration partially 

disappeared as the load moved towards mesial passing through premolars to 

central incisors.  

 The current study supports the use of a metal framework as a reinforcement 

within a two-implant overdenture.  

 Further experimental investigations are needed to evaluate metal reinforcement 

within a single-implant overdenture with comparison between reinforced and 

non-reinforced models.  
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