
THREE-DIMENSIONAL FINITE ELEMENT ANALYSIS OF MANDIBULAR  

 

OVERDENTURES SUPPORTED BY MINI-IMPLANTS 

 

 

 

 

A THESIS IN 

Oral and Craniofacial Sciences 

 

Presented to the Faculty of the University 

of Missouri-Kansas City in partial fulfillment of 

the requirements for the degree 

 

MASTER OF SCIENCE 

 

 

 

 

 

 

 

 

 

by 

JESSICA SCULLY 

B.S., Rice University, 2011 

D.D.S., University of Missouri-Kansas City, 2015 

 

 

 

 

 

 

 

Kansas City, Missouri 

2017 

  



 

 

 



 

iii 

 

THREE-DIMENSIONAL FINITE ELEMENT ANALYSIS OF MANDIBULAR  

 

OVERDENTURES SUPPORTED BY MINI-IMPLANTS 

 

 

Jessica A. Scully, DDS, Candidate for Master of Science Degree 

 

University of Missouri-Kansas City, 2017 

 

 

ABSTRACT 

 

 

This study examined the effect of using two anterior denture-supporting mini-

implants (mIMP2) compared to four (two anterior and two posterior) denture-supporting 

mini-implants (mIMP4) on the stress experienced by the mini-implants and the strain 

experienced by the peri-implant and analogous posterior bone.  The stress and strain values 

were also compared to known values of strength for the mini-implants and physiologic strain 

values.  Finite element modeling was used to study the effects.  Two models were created 

identically, with the exception of the number of denture-supporting mini-implants used, and 

contained modeled mucosa, cortical bone, cancellous bone, and the mini-implants.  The 

models were loaded over one second with three 70N loads bilaterally and results with 

collected using a PostView program.   

The anterior mini-implants in both models showed stresses that would not put them at 

risk for fracture.  The posterior mini-implants in mIMP4 experienced stresses above their 

yield point, indicating that they could be at risk for fracture.  Strain in the peri-implant bone 

anteriorly and the posterior bone in mIMP2 was in the physiologic range.  The posterior peri-

implant bone in mIMP4 showed strains that were above physiologic, which indicates this 

region could be at risk for bone resorption. 
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Based on the limitations of this study, posterior mini-implants and posterior peri-

implant bone could be at risk for fracture and pathologic resorption.  Dentists must weigh the 

risks and benefits of using mini-implants to support overdentures in each clinical case to 

determine if the treatment could be successful in light of the potential negative consequences. 
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CHAPTER 1 

INTRODUCTION 

 Edentulism is highly prevalent in today’s society, leading patients and clinicians to 

search for solutions to help patients function without teeth (Emami et al. 2013).  One exciting 

field addressing this concern is implantology.  Implantology is a rapidly growing field in 

dentistry.  Implants function to allow a prosthesis to be anchored to the jaw as a substitute for 

natural teeth (Branemark et al. 1977).  Per-Ingvar Brånemark and his associates performed a 

great deal of research on implants, studying biology, implant design, and surgical methods.  

More recently, the discovery of guided bone regeneration has increased the number of 

patients that qualify as candidates for implants.  The systematic approach to the research has 

allowed implants to become a highly successful and predictable treatment method for the 

replacement of teeth for a large percentage of the population (Lekholm et al. 1998). 

Dental Implantology History 

Although Dr. Brånemark is often cited as ‘the father of modern implants’, the first 

evidence of dental implants far precedes him.  There is evidence that the Mayan population 

used pieces of shells to replace mandibular teeth as early as 600 A.D.  Testing even shows 

that compact bone had formed around two of the three shells found in the jaw, making these 

the earliest known case of endosseous alloplastic implants (Ring 1985).  More recently, the 

early 1900’s showed a rise in the use of implants placed in bone to act as an anchor for a 

fixed prosthesis.  Often these had various shapes, such as latticed inserts, spirals, or multiple 

struts to allow bone to grow in for mechanical retention (Abraham 2014). 
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Historical Implant Designs 

Although various types of implants were explored, three major designs dominated.  

These designs included the subperiosteal implant, transosteal implant, and endosseous 

implant (Branemark et al. 1977).  Each of these designs interacted with the remaining bone 

differently: subperiosteal implants were placed under the periosteum, but on top of the bone; 

transosteal implants were placed all the way through the bone; and endosteal implants were 

placed within the bone (The glossary of prosthodontic terms  2005).  Subperiosteal implants 

could cover a span on the mandible, to either include or not include the external oblique 

ridge, and had many different design variations (Bodine and Kotch 1953; Goldberg and 

Gershkoff 1971; Linkow and Dorfman 1991).  Transosteal implants were often used for the 

atrophic mandible which was not able to hold the other types of implants (Small and Misiek 

1986).  The endosteal implant had two primary shapes: the blade implant and the root form 

implant (The glossary of prosthodontic terms  2005).  Root form implants were the type that 

ultimately became the most prevalent design in implant dentistry. 

Dental Implant Materials 

Various metals have been used throughout the history of dental implants, including 

vitallium- a chromium-cobalt-molybdenum alloy, stainless steel, chromium-nickel-

vanadium, gold-platinum-silver-copper, and titanium, both in commercially pure forms and 

alloyed with aluminum and vanadium (Linkow and Dorfman 1991; Esposito et al. 1998b; 

Greenfield 2008).  Through experimentation, problems were found with most of these 

metals: nickel, cobalt, and chromium caused allergic reactions; cobalt and vanadium particles 

were found to be toxic in vitro; stainless steel alloys have low corrosion resistance; aluminum 

and vitallium ions were found to possibly impair bone formation (Esposito et al. 1998a).  
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This left commercially pure (CP) titanium, which is highly corrosion resistant, has a high 

degree of biocompatibility, and does not evoke a chronic inflammatory response, as the 

possible material of choice (Esposito et al. 1998b).  Titanium had also been successfully used 

in vivo.  In the 1950’s, Brånemark noted that he could not remove titanium tubes from bone 

after using them for experiments in rabbits.  While this mechanism was not necessarily 

understood, Brånemark later described this phenomenon as osseointegration (1977; Linkow 

and Dorfman 1991).   

Osseointegration 

The initial concept of osseointegration came from the vital microscopic studies of 

bone marrow in rabbit fibulas, mentioned previously.  These studies showed that very thin 

layers of bone, between 10 and 20 μm, maintained circulation if gentle surgical technique 

was used.  Brånemark noted that that screw-shaped titanium chambers could not be removed 

from the bone, and that bone tissue was growing into the thin spaces in the titanium.  After 

finding that titanium implants could be osseointegrated, Brånemark performed another 

experiment in humans where titanium chambers were placed in subjects’ arms and found no 

indication of inflammatory process.  Healing around titanium implants was found in further 

studies which successfully used titanium fixtures to repair major mandibular defects and 

included a shell of compact cortical bone without any soft tissue intervention around titanium 

tooth root implants.  These led to a study using the tail vertebrae of dogs, which showed 

successful integration of titanium fixtures, even when abutments pierced the skin.  With this 

knowledge, extractions were performed in dogs and the teeth were replaced with screw 

shaped titanium implants.  After healing, abutments were placed and radiologic and 

histologic evidence shows that integration was maintained for 10 years.  When trying to 
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remove these implants from the jaw bone, fractures resulted in the jaw bone proper, not at the 

implant-bone interface.  The previous studies show the possibility of achieving and 

maintaining bone anchorage of titanium implants (Branemark 1983).  Armed with this 

knowledge, Branemark used titanium implants to treat an edentulous patient in 1965.  Further 

human clinical evidence using scanning electron microscopy has shown osteoblasts growing 

on the titanium surfaces.  This process defines osseointegration: the direct contact of bone to 

an implant interface (Branemark 1983). 

Modern Standard Implants 

Osseointegrated implants have many applications, such as use in single restorations, 

fixed partial dentures, and implant-supported overdentures (Keltjens et al. 1993; Cordioli et 

al. 1994; Doundoulakis et al. 2003).  Root form implants, referred to further as simply 

implants, come in a variety of sizes and shapes.  These shapes and sizes have been shown to 

have differing effects on their surrounding bone (Petrie and Williams 2005).  Although 

different companies offer various sizes of implants, the diameter typically ranges between 3.0 

mm and 5.5 mm and the length ranges between 6 mm and 17 mm.  The implants are shaped 

as cylinders with parallel or tapered walls (Dentsply 2014; Biocare 2015; Straumann 2015).   

Initiation of Osseointegration of Titanium Implants 

For an implant to be successful, osseointegration must be both initiated and sustained.  

The surgical trauma from inserting an implant results in inflammation and the start of 

regenerative processes in the tissue.  The first few days are characterized by necrosis before 

the healing can begin.  Ideally, new bone will regenerate around the implant.  If the normal 

bone healing events are disturbed, repair might take place, in which the implant is 

encapsulated by fibrous scar tissue instead of bone.  The crucial process that leads to 
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osseointegration instead of fibrous scar formation is stability and lack of motion of the 

implant.  If micromotion occurs above a certain threshold, mesenchymal cells may 

differentiate into fibroblasts instead of osteoblasts (Esposito et al. 1998b).  The suggested 

threshold is between 50 and 150 μm.  Micromotion must be above this threshold for the 

fibrous encapsulation to overcome osseointegration (Szmukler-Moncler et al. 1998).  A 

fibrous tissue layer does not simulate the PDL and results in unsuccessful implants 

(Branemark 1983).  The amount of force required to create this micromotion depends on 

bone type and insertion torque, which affect the initial stability of the implant.  Forces as low 

as 25 Ncm have been shown to cause problematic micromotion (Trisi et al. 2013).   

Besides micromotion, other systemic and local factors can contribute to successful 

initiation of osseointegration, or lack thereof (Esposito et al. 1998b).  Age and genetics play a 

role in osseointegration, possibly due to decreasing amounts of bone morphogenetic protein 

(BMP) with increased age, which decreases bone formation (Schwartz et al. 1998).  An 

additional role of genetics, or possibly gene therapy in the future, involves various genes 

which regulate osteoblast differentiation, including Runx2 (Dos Santos et al. 2016).  Poor 

general health, including diseases like diabetes and habits like smoking, can also decrease the 

likelihood of successful implant osseointegration (Esposito et al. 1998b).  These additional 

risks can be significant; smoking has been shown to have a 31.6 times relative risk of peri-

implantitis (Lindhe et al. 2008).  Local factors can also play a role in successful 

osseointegration.  Implants typically fare worse in the maxilla, due to thinner bone, and the 

posterior, due to increased occlusal forces and less bone height (Esposito et al. 1998b).  Bone 

type can also play a role in success.  Bone quality can be classified as Type I, II, III or IV.  

Type I bone has the largest amount of compact bone and the least trabecular bone, with the 



 

6 

 

amount of trabecular bone increasing with each category.  Type IV bone has a thin layer of 

cortical bone surrounding low density trabecular bone (Zarb and Albrektsson 1985). Type IV 

bone being shown to have an odds ratio for failure of 2.29 (Da Silva et al. 2014).  Previous 

periodontitis has also been shown to have a relative risk of failure of 3.5 times (Lindhe et al. 

2008).   

Overall, there are a few basic prerequisites for osseointegration.  First, the implant 

material must be able to tolerate and withstand loads, and resist corrosion.  Titanium has 

been shown to be preferable and have the least corrosion potential, low toxicity, and 

acceptable strength (Clarke and Hickman 1953; Emneus 1967; Emnéus and G 1967; Laing et 

al. 1967; Solar et al. 1979).  Surface modifications, including surface coatings and 

subtractive methods, that increase roughness can also increase the osseointegration rate 

(Jemat et al. 2015).  Implant design has also been shown to play a role, with osseointegration 

occurring more easily with a cylindrical, threaded implant (Predcki et al. 1972).  Finally, a 

delicate surgical technique should be used, including constant cooling, adequate drill 

geometry and speed, and careful tapping (Lindström et al. 1981).  With minimal tissue injury 

during surgery and minimal micromovement during healing, osseointegration of titanium 

implants should be achievable. 

Potential Implant Complications 

Although implants have proven to be a favorable long-term solution to replace 

missing teeth in many cases, they are not immune to problems, as many people once thought.  

Like teeth, implants can be affected by overloading and periodontal pathogens, leading to 

loss of osseointegration or even fracture of the implant itself. 
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Maintaining Osseointegration 

Once osseointegration is established, it must be sustained for an implant to be 

successful.  Failures can occur due to disruption of the peri-implant bone after the 

establishment of osseointegration.  Two major contributors to this include peri-implantitis 

and occlusal overload.   

Peri-implantitis. Loss of supporting bone around an implant can occur from the 

buildup of microbial plaque and the host response to this plaque.  This loss of bone is termed 

peri-implantitis.  Peri-implantitis is one of the most common complications of implants, and 

has been estimated to have prevalence rates up to 56% (Smeets et al. 2014).  Although 

implants were once thought of as being immune to oral pathogens, it has been shown that 

implants can support plaque formation and that peri-implant tissue is affected by the same 

pathogens that cause periodontitis (Gatewood et al. 1993; Hultin et al. 2002).  The 

inflammatory response caused by these pathogens has been shown to be more severe around 

implants than around teeth (Nowzari et al. 2012).  This inflammatory response seen in these 

patients leads to the bone loss, which is characteristic of peri-implantitis.  This reduces the 

support of the implant, and can cause implant failure. 

Occlusal Overload. Occlusal overload occurs when the forces applied to the peri-

implant bone are greater than the level which the bone can tolerate.  The overload is related 

to the quality and volume of the surrounding bone, and is difficult to quantify (Esposito et al. 

1998b).  Higher occlusal loads result in greater stress between the implant and the supporting 

bone.  This leads to higher strain in the bone, which may cause resorption of the ridge or loss 

of the bone-implant interface.  As the supporting bone resorbs, the stress continues to 

increase proportionally on the implant, continuing and worsening the problem.  In a study in 
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monkeys, five out of eight implants with excessive occlusal load lost osseointegration both 

radiographically and histologically when loaded eight months after implantation (Isidor 

1996).  In a review, approximately one-half of late failures occurred during the first year of 

loading, and it is reasonable to attribute these to overloading situations (Esposito et al. 

1998a).  Overload can occur from a number of situations, including suboptimal implant 

design, size, or number, improperly splinted abutments, excessive cantilevered pontics, 

splinting to natural dentition, improper positioning of implants, improper restoration, 

excessive parafunctional forces, or loss of supporting bone (Swanberg and Henry 1995).  

Implants should be monitored for signs of occlusal overload because all situations are unique 

and different amounts of loads can cause overload in various situations.  Signs of overload 

include excessive crestal bone loss, deterioration of the bone-implant interface, screw or 

abutment loosening and component breakage (Swanberg and Henry 1995).  In addition to 

these, mobility may be detected, which is always a clear sign of implant failure (Esposito et 

al. 1998a). 

Fracture 

Fracture is one of the most severe complications of an osseointegrated implant 

(Froum 2010).  One meta-analysis has shown the incidence of fracture to be 1.6% (Pommer 

et al. 2014).  Although this may not seem like a large number, this meta-analysis only 

included standard sized implants and showed that prospective studies reported significantly 

more implant fracture than retrospective studies.  Prospective studies may have a decreased 

risk of bias, so the true overall fracture rate may be higher than the 1.6% reported, according 

to the authors (Pommer et al. 2014).   



 

9 

 

A recent study examined 100 retrieved implants which had been lost due to peri-

implantitis, and found that >60% of these implants had full cracks (> 0.5 mm in length) 

and/or crack-like defects (< 0.5 mm) (Shemtov-Yona and Rittel 2015).  Because this study 

was retrospectively looking at implants that had been in function, no force values causing 

these were available, and other studies have not looked at the required load to create these 

small cracks.  This raises a major question about the strength of implants, and if they are able 

to withstand the functional loads to which they may be subjected, depending on the 

restoration configuration.   

Implant-Supported Overdentures 

One common implant restoration is the mandibular implant-supported overdenture.  

Mandibular implant-supported overdentures using two implants are considered the standard 

of care for the mandibular arch of edentulous patients (Feine et al. 2002; Thomason et al. 

2009). A plethora of research has been performed on patients with implant-supported 

overdentures as compared to other types of prostheses, including conventional dentures.   

Benefits of Implant-Supported Overdentures 

Mandibular implant-supported overdentures have been shown to have a higher patient 

satisfaction than conventional dentures (Boerrigter et al. 1995; Raghoebar et al. 2000; Meijer 

et al. 2003; Thomason et al. 2003; Vogel 2008; Geckili et al. 2012).  Patient satisfaction has 

been separated into a variety of categories.  Patients with implant-supported overdentures 

have also been found to have a higher occlusal force than patients with conventional dentures 

(Branemark et al. 1977; Haraldson and Carlsson 1977; Carr and Laney 1987; Fontijn-

Tekamp et al. 1998; Fontijn-Tekamp et al. 2000; Geckili et al. 2012).  Many studies 

measured chewing function separately from occlusal force, and found the patients had an 
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improvement in chewing function with mandibular implant-supported dentures (Branemark 

et al. 1977; Awad et al. 2000; Fontijn-Tekamp et al. 2000; Awad et al. 2003; Doundoulakis et 

al. 2003; Palmqvist et al. 2003; Thomason et al. 2003).  In addition to the added functional 

benefits, patients find their denture significantly more stable and comfortable, both at rest 

and in function, when supported by implants (Awad et al. 2000; Awad et al. 2003; Thomason 

et al. 2003).  One study even found patients rated themselves as less self-conscious and less 

miserable in the implant-supported overdenture group as compared to the conventional 

denture group (Awad et al. 2000). 

In addition to the higher patient satisfaction with implant-supported overdentures 

when compared with conventional dentures, implants have been shown to preserve bone 

under a removable prosthesis (Sennerby et al. 1988; Jacobs et al. 1993; von Wowern and 

Gotfredsen 2001; Doundoulakis et al. 2003).  Bone availability is a large concern for any 

implant due to the stability the bone offers.  Short implants have been shown to be a better 

solution than vertical bone grafting in resorbed mandibles where there is not enough bone to 

reliably stabilize a mandibular implant (Esposito et al. 2009).   

Potential Complications of Implant-Supported Overdentures 

Although implant-supported overdentures are an excellent treatment option that is 

well accepted by patients and offers many benefits, they are not without potential 

complications.  Of the eight most common implant complications, which occur at rates of 

greater than fifteen percent, four are related to overdentures.  These include loosening of the 

retention mechanism, implant loss, need for overdenture reline, and overdenture attachment 

fracture (Goodacre et al. 2003).  The high occurrence of overdentures needing to be relined 

raises a question about the bone loss that is likely requiring these relines. 



 

11 

 

 Mandibular implant-supported overdentures and changes associated with 

combination syndrome.  Combination syndrome includes five major changes in patients 

with a maxillary complete denture opposing natural mandibular anterior teeth, often with a 

double distal extension partial denture.  These changes include loss of bone in the anterior 

maxilla, overgrowth of the maxillary tuberosities, papillary hyperplasia of the palatal 

mucosa, extrusion of mandibular anterior teeth, and excessive loss of the posterior 

mandibular ridge (Kelly 1972; The glossary of prosthodontic terms 2005).  Kelly suspected 

that the natural mandibular anterior teeth put enough occlusal force on the edentulous maxilla 

to cause the resorption of the anterior ridge, which led to the sequela seen in combination 

syndrome (Kelly 1972).  A similar scenario appears to be possible with two anterior implants 

supporting a mandibular overdenture opposing a maxillary denture (Jemt et al. 1996; Vogel 

2008; de Souza et al. 2015).  In fact, combination syndrome changes have been reported in 

patients with maxillary complete dentures opposing a mandibular implant-supported 

overdenture using two implants (Jacobs et al. 1992; Lechner and Mammen 1996; Thiel et al. 

1996; Gupta et al. 1999; Palmqvist et al. 2003; Froum 2010).  

One factor that could contribute to the combination syndrome changes is the increase 

in occlusal forces with implant-supported overdentures compared with conventional dentures 

and partial dentures.  Patients with dental implants are able to reach occlusal forces between 

the levels of natural dentition and complete dentures (Fontijn-Tekamp et al. 1998).  Tactile 

function is also altered in patients with implants; the threshold level of implants is fifty times 

higher than of natural teeth, resulting in the patient exerting greater occlusal forces on an 

implant prior to feeling the tactile feedback (Jacobs et al. 1993).  This results in the patient 

putting much more stress on the implant than a tooth, which can result in more stress being 
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distributed to the peri-implant bone.  The differences in forces on the bone and tactile 

function is important because it has been shown that if pressure exceeds the threshold value 

between the forces needed for physiologic bone stimulation and pathologic stimulation, bone 

will be resorbed (Mori et al. 1997; Ohara et al. 2001; Imai et al. 2002).  Physiologic strain on 

bone has been shown to be between 200 μ-strain and 2000 μ-strain (Stanford and Brand 

1999).  With the additional occlusal force, patients with two anterior implants are able to 

incise food utilizing the anterior portion of their overdenture (Thiel et al. 1996).  This 

additional force on the maxillary anterior section may contribute to the sequela similar to 

combination syndrome seen in patients with implant-supported mandibular overdentures.  

Incising with the anterior section may also result in decreased stress and strain in the 

posterior section.  This could possibly result in strain below the physiologic values required 

to maintain bone.   

 Bone resorption in the posterior mandible has also specifically been related to 

implant-supported mandibular overdentures using two implants placed in the anterior section 

of the mandible (Jacobs et al. 1992; Wright et al. 2002; Elsyad et al. 2016).  This leads to a 

concern regarding the long-term effects of implant-supported overdentures, especially in 

younger patients.  In this population, jaw resorption with two implants has been shown to be 

2-3 times greater as compared to conventional dentures (Jacobs et al. 1992).  Bone loss can 

lead to a poor fit of the mandibular denture, requiring relining, and decreased stability and 

retention of future dentures (Goodacre et al. 2003). 

 Addressing changes associated with combination syndrome.  One solution to the 

concern of posterior mandibular bone loss would be to place implants beneath the distal 

extension portions on a mandibular implant-supported overdenture.  This was first suggested 
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as a solution to combination syndrome, and the same idea has been used for implant-

supported overdentures (Keltjens et al. 1993).  One finite element study has compared using 

four implants versus two implants to determine if there was a more favorable stress and 

associated strain distribution for maintaining posterior bone (Petrie et al. 2014).  The 

recorded strains in the four-implant model were within the range associated with bone 

remodeling and turnover, while the recorded strains for the two-implant model were less than 

the physiologic value required for bone remodeling in the posterior ridge.  Additionally, the 

highest strains were found in the two-implant model around the anterior implants, which 

could set up an overloaded situation and could be potentially harmful (Petrie et al. 2014).  

Another author suggests that additional implants will lead to greater retention and implant 

support to minimize anterior-posterior rocking from the unsupported long extension of the 

denture base (Vogel 2008).  Additional studies have shown differences in clinical results for 

implant-supported overdentures with two and four implants, including patients with 

overdentures supported by four implants having higher oral health-related quality of life as 

compared to overdentures supported by two implants, and higher implant loss rate in patients 

with fewer supporting implants (Karbach et al. 2015; Kern et al. 2015).  While additional 

implants appear to show favorable results, often there is concern of additional cost, trauma 

from surgery, and most importantly whether there is adequate available bone for successful 

implant placement (Mazor et al. 2004; Griffitts et al. 2005; Preoteasa et al. 2010; Singh et al. 

2010).   

Mini-Implants 

More recently, smaller implants have been developed and are referred to as mini-

implants.  Mini-implants are less than 3.0 mm in diameter, and are typically 1.8 mm - 2.9 
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mm (3M ESPE 2015).  The smaller size of these implants allows placement in areas where 

available bone might not be adequate for a standard implant, or where adjacent teeth might 

limit the area available for an implant, such as in the mandibular anterior region (Mazor et al. 

2004; Preoteasa et al. 2010; Singh et al. 2010; Lemos et al. 2017).  Mini-implants are 

currently being used in a variety of definitive prosthodontic treatments, including single-unit 

restorations and overdentures (Vigolo and Givani 2000; Mazor et al. 2004; Griffitts et al. 

2005; Sussman and Goodridge 2006; Dilek and Tezulas 2007; Preoteasa et al. 2010; Singh et 

al. 2010; Elsyad et al. 2011; Scepanovic et al. 2012; Bidra and Almas 2013; Tomasi et al. 

2013; Maryod et al. 2014; Preoteasa et al. 2014; de Souza et al. 2015; Batisse et al. 2016; 

Catalan et al. 2016; Lemos et al. 2017).   

Mini-Implant Supported Overdentures 

Mini-implants have shown promise for use in mandibular mini-implant supported 

overdentures.  For example, they can be used in resorbed ridges that might not accommodate 

the width of a standard implant (Mazor et al. 2004; Preoteasa et al. 2010; Singh et al. 2010).  

In addition, in several studies patients have reported higher satisfaction with mini-implant 

supported overdentures when compared to a conventional mandibular denture, similar in 

nature to the effects found with implant-supported overdentures using standard implants 

(Griffitts et al. 2005; Elsyad et al. 2011; Scepanovic et al. 2012; Tomasi et al. 2013; Batisse 

et al. 2016; Catalan et al. 2016; Lemos et al. 2017).  Higher patient satisfaction has been 

examined in detail, and many studies have found increases in esthetics, phonetics, chewing, 

retention of the denture, and overall quality of life (Preoteasa et al. 2010; Elsyad et al. 2011; 

Scepanovic et al. 2012; Tomasi et al. 2013; Batisse et al. 2016; Catalan et al. 2016). 
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Currently, it is common to use two mini-implants, similar to the use of two standard 

implants, to support the mandibular overdenture.  This creates the possibility of the changes 

associated with combination syndrome similar to the mandibular overdentures supported by 

two standard implants.  Four standard implants supporting a mandibular overdenture have 

been shown to have the ability to better maintain bone in a finite element analysis (Petrie et 

al. 2014).  Therefore, four versus two mini-implants should be explored to determine if there 

would be benefits to maintaining bone similar to what is reported for four versus two 

standard implants. 

Potential Mini-Implant Complications 

While mini-implant supported overdentures, whether supported by two or four mini-

implants, have great potential, there are possible drawbacks to using mini-implants to support 

an overdenture.  Two major concerns about mini-implants when used for definitive 

restorations are their size and the associated lower strength.   

To be a useful restorative tool, mini implants must exhibit adequate strength to resist 

fracture.  Finite element analysis has shown that estimated load limits decrease as the 

diameter of an implant decreases (Toyoshima and Wakabayashi 2015).  In mechanical 

loading tests, the diameter of an implant has been shown to have a major impact on ability to 

withstand loads (Allum et al. 2008).  In another study, mini-implants showed strength results 

significantly below that which would risk failure in clinical practice.  The control implant- 

4.1 mm in diameter- was able to withstand a maximum load of 989 N, while a slightly 

smaller implant- 3.3 mm- could only withstand 619 N of force.  Various mini implants were 

also tested and withstood average maximum loads between 147 and 261 N (Allum et al. 

2008).  In addition to changes in mini-implants’ ability to withstand forces, higher occlusal 
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forces have been shown in patients with implant-supported overdentures than in conventional 

dentures (Haraldson and Carlsson 1977; Carr and Laney 1987; Fontijn-Tekamp et al. 1998; 

Fontijn-Tekamp et al. 2000).  In combination with lowered ability to discriminate between 

forces with implants than natural teeth, this could translate to higher stresses on the implants 

and possibly higher levels of failure (Jacobs and van Steenberghe 1993).  With the possibility 

of higher stresses, combined with a decreased diameter which decreases the load limit, it is 

possible that mini-implants will be more fracture prone than their standard diameter 

counterparts.  This can also play a role in survival of the mini-implants.  Short term survival 

of mini-implants has been reported as between 81% and 97.4% (Mazor et al. 2004; Griffitts 

et al. 2005; Elsyad et al. 2011; Scepanovic et al. 2012; Bidra and Almas 2013; Tomasi et al. 

2013; Preoteasa et al. 2014; de Souza et al. 2015; Mundt et al. 2015).  There is currently a 

lack of studies showing long-term survival or success rates of mini implants when used in 

definitive prosthodontic treatment (Bidra and Almas 2013; Klein et al. 2014).  There is also a 

lack of analysis of the mechanical and biomechanical impact of mini implants (Bourauel et 

al. 2012). 

In addition to lower strength and higher fracture tendency being a concern with the 

smaller diameter mini-implants, there is also a concern about the ability of mini-implants to 

transfer stress to the peri-implant tissues at physiologic levels.  Osseointegrated implants 

transfer stress to the surrounding bone, which results in strain in the bone (Skalak 1983, 

1986, 1988; Froum 2010).  Mini implants must be able to transfer stress to the surrounding 

bone at a physiologic level to allow proper strain values for the maintenance of bone height.  

Hypophysiologic crestal strains can cause bone resorption from underuse.  Hyperphysiologic 

crestal strains can cause bone loss through mechanical overload.  These hyperphysiologic 
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strains have been seen in previous finite element models (Petrie and Williams 2007; Hasan et 

al. 2010).  It has been shown that variations in implant dimensions and shapes can cause 

changes in crestal strains around implants.  The study that found this did not look at mini-

implants, but it raises a question about how they would affect the peri-implant bone (Petrie 

and Williams 2005).  Wider, relatively long and untampered implants were shown to 

minimize peri-implant strain, raising more of a question about the effects of using a mini 

implant which has such a small diameter (Petrie and Williams 2005).  One FEM study 

showed that mini-implants used to support overdentures may result in bone strain over 

physiologic values (Chang et al. 2015). 

Mini implants loaded with 150 N have been shown to have increased bone loading 

when compared with standard implants.  This bone loading exceeded the physiologic stress 

limit of 100 MPa in the finite element analysis, which would result in bone resorption 

clinically (Hasan et al. 2010).  In regards to strain, physiologic loading of bone has been 

reported to be in the 250 - 2000 microstrain range, with pathologic overload occurring above 

3500 microstrain (Stanford and Brand 1999).  These pathologic levels can cause loss of bone 

in the areas of high strain.  Narrow diameter implants have been shown to result in increased 

stress and strain in the surrounding bone, possibly due to the smaller surface area resulting in 

greater force per area (Cehreli and Akca 2004; Flanagan 2008). 

One way of addressing increased strain on surrounding bone is to increase the number 

of implants, and therefore the total surface area.  Because stress is inversely related to area, 

this increase in area would decrease the stress, and therefore the strain on each section of 

bone (Misch 1999).  This parallels the use of four standard implants instead of two standard 

implants in implant-supported overdentures.  Various studies have been done clinically 
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looking at overdentures supported by four mini-implants and reported favorable clinical 

results (Griffitts et al. 2005; Preoteasa et al. 2010; Singh et al. 2010; Elsyad et al. 2011; 

Scepanovic et al. 2012; Maryod et al. 2014; de Souza et al. 2015).  Biomechanical 

information on mini-implant supported overdentures is still lacking though.  While 

information is lacking, finite element method is one way to investigate this issue. 

Finite Element Method 

Finite element method uses mathematical modeling to simulate various 

situations.  The first step in using the finite element method is modeling the geometry of the 

system that is being studied.  This can be done using computer-aided design (CAD) software, 

but often simplifications of the geometry of the system must be made to allow for a realistic 

number of calculations to be done by the computer system.    Once the overall geometry is 

adequate, it must be divided into smaller pieces, called elements, in a process known as 

meshing.  Automatic mesh generators have been designed to allow computer generation of a 

mesh.  By separating the system in to smaller sections, mathematical equations to represent 

physical properties can be applied to each section and the system as a whole can be solved 

for a particular variable.  The modeling also allows for, and requires, the input of material 

properties, and boundary, initial, and loading conditions of the system.  After these values are 

input, these equations allow modeling of, for example, the stress that is experienced by one 

element when a force is placed on a distant node.  Results can then be visualized in a number 

of ways, including displaying differing levels of a variable using color on a still picture taken 

from an animation (Liu and Quek 2003). 

Finite element modeling allows for modeling and simulation of situations prior to 

testing.  This allows for analysis of how a situation may unfold in various conditions prior to 
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creating a prototype or doing any in vivo testing, depending on the field of study.  

Understanding how outcomes differ based on changes to the model help a developer better 

modify a situation or system for success in real life.  For example, if a material is found to 

have a strength that is too low, another material may be considered; or if a weak point in the 

design is found, the shape may be altered to eliminate areas that concentrate stress and may 

cause breakage.  Additionally, the elastic modulus, Poisson’s ratio, and boundary conditions 

must be accurate for the materials to give a realistic result.  The elastic modulus describes the 

tendency of an object to deform along the axis that force is applied.  Poisson’s ratio describes 

how an object deforms along a perpendicular axis when a load is applied an axis.  The 

boundary conditions describe how the object reacts at its outer edges, for example if it is 

fixed along an edge.  Overall, finite element modeling can help determine which ideas are 

worth taking forward to physically modeling and testing, saving time, money, and potential 

hazard in the future. 

 Various studies have used finite element analysis to study implants and overdentures.  

Different aspects have been focused on in these studies, but they all answer questions about 

physical properties, such as stress or strain, on areas including the bone and/or the implants 

(Chun et al. 2002; Gonda et al. 2013; Shigemitsu et al. 2014; Chang et al. 2015; El-Anwar et 

al. 2015; Topkaya and Solmaz 2015).  Numerous studies have examined differences in the 

stress on the bone surrounding the implants when two versus four dental implants are 

present.  These studies found that increasing the number of implants decreases the stress 

experienced by the surrounding bone (Petrie et al. 2014; Shigemitsu et al. 2014; Chang et al. 

2015; Topkaya and Solmaz 2015).  One study recently compared three variations on implant 

size and number, looking at two conventional implants compared to four conventional 
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implants compared to five mini-implants (Solberg et al. 2017).  Very few finite element 

method studies have examined the effects of using mini-implants to support overdentures, 

and none have specifically addressed the question of how number of mini-implants may alter 

stress and strain on the mini-implants and bone. 

Problem Statement 

 The purpose of this study is to evaluate how placement of two versus four denture-

supporting mini-implants affects the mini-implants, the implant-bone interfaces, and areas of 

the posterior bone.  The stress placed on the mini-implants will be evaluated to determine the 

potential of mini-implant fracture, and whether the number of mini-implants makes a 

difference in this fracture potential.  The strain on peri-implant bone will be evaluated for the 

potential of maintaining bone with physiologic strain, and whether the number of mini-

implant alters the strain values.  Finally, strain on the posterior bone will be evaluated to 

determine whether there is physiologic strain to maintain bone, and whether the addition of 

posterior mini-implants makes a difference in the measured strain values.  These evaluations 

will be made using simulated functional occlusal loading using finite element analysis.   

Project Objectives 

1. To evaluate whether there is a clinically relevant difference in the stress placed on the 

individual mini-implants as a function of the number of denture-supporting mini-

implants present (two versus four).  As part of this evaluation, the individual stress 

values will also be compared to the implant strength reference value.   

2. To evaluate whether there is clinically relevant difference in the strain experienced by 

the anterior peri-implant bone as a function of the number of denture-supporting 
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mini-implants present (two versus four).  As part of this evaluation, the strain values 

will also be compared to the physiologic strain reference value. 

3. To evaluate whether there is a clinically relevant difference in the strain experienced 

by the posterior peri-implant bone in the four mini-implant model as compared to the 

analogous area of bone in the two mini-implant model.  As part of this evaluation, the 

strain values will also be compared to the physiologic strain reference value.  
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CHAPTER 2 

MATERIALS AND METHODS 

Finite element (FE) modeling was used to address the effects of two versus four 

denture-supporting mini-implants on stress placed on the mini-implants and strain 

experienced by the peri-implant and posterior bone.  Various computer programs were used 

to assist in the steps throughout the modeling and analysis, including creating the model, 

creating the mesh, boundary conditions, loading conditions, and simulation. 

Modeling 

Edentulous Jaw Modeling 

 A three-dimensional (3D) finite element (FE) model of an edentulous mandible was 

developed using an available cone beam computed tomography (CBCT) scan of a patient.  

The CBCT scan included the entire mandible.  The FE model was truncated at the 

mandibular ramus, excluding the coronoid and condylar processes.  According to the 

prosthodontic diagnostic index for edentulous patients, the mandible was classified as class 2, 

due to available bone height of 16- 20 mm (McGarry et al. 1999).  The bone classification 

was type B/2 based on moderate residual ridge resorption and thick layer of cortical bone 

surrounding dense cancellous bone (Zarb and Albrektsson 1985).   The CBCT scan was 

imported into MIMICS1 to be read and for the solid 3D mandibular model to be created from 

the scan.  The 3D model underwent smoothing, patching, curve-fitting, and surface mapping 

prior to the final computer-aided design (CAD) model being created.  Additionally, cores 

were removed matching the exact size and location of the mini-implants to allow for their 

                                                 
1 MIMICS, Materialise, Plymouth, MI, 48170 
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placement into the model, as described later.  After this step, the mental foramen and 

mandibular canal were modeled as bone. 

Mini-Implant Modeling 

 A three-dimensional computer-aided design (CAD) program, SolidWorks 20152 

(SolidWorks Corp, Concord, MA) was used to create models of the mini-implants that were 

used in this project.  Mini-implants were modeled as smooth cylinders, 1.8 mm in diameter 

and 10 mm in length that projected into the bone, for both anterior and posterior placement.  

Anterior and posterior mini-implants projected 6 mm coronally from the crest of the ridge to 

approximate the polished transgingival collar and prosthetic head of an actual mini-implant, 

giving a total length of 16 mm.  

Mesh Creation 

 Once the mandible and mini-implant computer-aided design models were complete, 

meshing was performed using an automatic mesh generation process in 3-MATIC3.  Four-

node tetrahedron elements were used.  Meshes of the mini-implants were created separately 

from meshes of the mandible models and the separate meshes were combined to form two 

models with mini-implants and mandibles, as described in the next section.  At the meshing 

stage, areas were chosen to represent mucosa, cortical bone, and cancellous bone.  This was 

done via element selection.  The measurements and properties of these layers will be 

discussed further in the next section.   

                                                 
2 SOLIDWORKS 2015, Dassault Systemes, Waltham, MA, 02451 
3 3-MATIC, Materialise, Plymouth, MI, 48170 
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The element size was chosen to be 1 mm or smaller, to allow the model to accurately 

represent reality.  Smaller elements were not chosen due to time constraints.  Based on the 

small element size and time constraints, mesh convergence was not completed. 

Complete Model Integration 

 The meshes of the edentulous mandible models and mini-implant models were 

merged in 3-MATIC.  Two separate complete models were created, and named mIMP2 and 

mIMP4 to represent the model with two mini-implants and four mini-implants, respectively.  

The models were identical in bone geometry and differ only in number of mini-implants 

placed in the model: model mIMP2 contained 2 mini-implants and model mIMP4 contained 

4 mini-implants.  These models were similar to those previously used (fig. 1) (Petrie et al. 

2014).   

 

 

 
 

 

Figure 1. Models of mandibles with (a) two implants and (b) four implants.  Modified      

from (Petrie et al. 2014). 
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The anterior mini-implants in both the mIMP2 and mIMP4 models were positioned 

identically in the interforaminal locations, approximately at the mandibular canine positions, 

10 mm anterior to the mental foramen (Dantas et al. 2005; Scarfe et al. 2012).  These 

implants were labeled as right anterior (RA) and left anterior (LA), corresponding to the 

models’ right anterior and left anterior locations, respectively.  The mIMP4 model included, 

in addition to the anterior implants, one posterior implant in each mandibular quadrant, 

approximately in the first molar position, 10 mm distal to the mental foramen (Dantas et al. 

2005; Wahab and Sadig 2008).  The posterior implants were labeled as right posterior (RP) 

and left posterior (LP), corresponding to the model’s mandibular right posterior and left 

posterior locations.  Perfect bonding was assumed between the mini-implants and 

surrounding bone to represent osseointegrated implants. 

 Cortical and cancellous bone were modeled using approximations to the original 

CBCT image.  Grayness levels from the CBCT image were used to attempt to approximate 

cortical bone, with the remainder being assumed to be cancellous.  A uniform mucosal layer 

2 mm thick, representing the average thickness of mucosa in edentulous mandibles, was 

modeled surrounding the cortical bone (Kydd et al. 1971).  Intimate contacts were 

established between the cortical bone and the mucosal layer, and the cortical bone and the 

cancellous bone.   

 Upon complete integration of all the parts described above, each model contained 

implants, cortical and cancellous bone, and a mucosal layer.  The only difference between the 

models was the use of two denture-supporting mini-implants in the mIMP2 models and four 

denture-supporting mini-implants in the mIMP4 model. 
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Material Properties 

 Mini-implants were modeled as being made of a titanium alloy (Ti-6Al-4V ELI) 

(3MESPE 2012).  The model also contained layers of cancellous bone, cortical bone, and a 

mucosal layer.  Material properties for the various layers of the models are shown in table 1.  

All materials were assumed homogenous, isotropic, and linearly elastic, as modeled in 

previous studies (Petrie et al. 2014).  Yield strength of the mini-implants has been shown to 

be 45-65 Ncm for torque and 160 N in flexure (Kanie et al. 2004; 3M ESPE 2012).  Other 

reports cite yield strength of the titanium alloy at 795 MPa, but this does not take into 

consideration the shape of the mini-implant (Elias C.N. 2008). 

 

 

TABLE 1 

 

MATERIAL PROPERTIES 

 

Material 

Elastic 

Modulus 

(MPa) 

Poisson’s 

Ratio 

Density 

(g/cm3) 
Reference(s) 

Cortical Bone 13,700 0.3 1.85 

(Borchers and Reichart 

1983; Daas et al. 2008; 

Petrie et al. 2014) 

Cancellous Bone 1,370 0.3 1.14 

(Borchers and Reichart 

1983; Daas et al. 2008; 

Petrie et al. 2014) 

Mucosa 1000 0.37 1.05 

Modified from: (Daas et 

al. 2008; Petrie et al. 

2014) 

Implant (Ti-6Al-

4V) 
114,000 0.35 4.42 (Campbell 2008) 
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Model Parameters 

 Once the finite element models were completed, material properties, load conditions, 

and boundary conditions were added and simulations were run in FEBiO4.  Models were 

analyzed in PostView5, created by the developers of FEBiO.  For the boundary conditions, 

two rows of nodes bilaterally at the most superior part of the mandibular ramus were 

constrained in the vertical and horizontal directions, as previously described (Meijer et al. 

1993). 

Loading conditions of the model were chosen to simulate intraoral occlusal loading.  

Six (6) 70 N oblique loads were used (Haraldson et al. 1988; Meijer et al. 1993; Petrie et al. 

2014).  They were angled 120 degrees over the mandibular second premolar, mandibular first 

molar, and mandibular second molar locations, bilaterally.  Estimates of the mandibular 

second premolar and mandibular second molar were approximated based on the position of 

the mandibular first molar, which was the position of the posterior implant in the mIMP4 

model.  The mandibular second premolar and mandibular second molar were modeled 7 mm 

mesially and 7 mm distally, respectively, to the mandibular first molar.  An overdenture 

model could not be created due to programing constraints.  To estimate the how the forces 

would be distributed through an overdenture, a force distribution technique commonly used 

in civil engineering was employed.  The overdenture was assumed to be 7 mm tall, and the 

force was assumed to distribute outward at a ratio of 1 mm to 1 mm, giving a final loaded 

area of a circle 7 mm in diameter from each point of loading on the mucosa. 

 

                                                 
4 FEBiO, University of Utah, Salt Lake City, UT, 84112 
5 PostView, University of Utah, Salt Lake City, UT, 84112 
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Experimental Design 

The study used finite element modeling to compare two situations: two denture-

supporting mini-implants and four denture-supporting mini-implants.  The analysis 

elucidated differences in stress on the mini-implants, strain experienced by the peri-implant 

bone, and strain experienced by the posterior bone.  The independent variable was the 

number of denture-supporting mini-implants present in each model.  The mIMP2 model 

contained two mini-implants, while the mIMP4 model contained four mini-implants.  The 

models were placed under the same conditions and the two dependent variables measured 

were (1) stress (MPa) placed on the mini-implants when simulated load was placed on the 

overdenture, and (2) strain (unitless: m/m) experienced by the peri-implant bone and 

posterior bone when simulated load was placed on the overdenture.  These outcomes 

modeled stress placed on the mini-implants and the strain experienced by the peri-implant 

bone and posterior bone when a patient functions on his or her overdenture.   

Specific values of interest of the dependent variables included the maximum value, 

the minimum value, and the mean value.  These dependent variable values were compared 

between models and to previously published values of stress and strain.  The anterior 

implants in the mIMP2 model were compared to those in the mIMP4 model to determine if 

maximum stresses were different between the two.  The strain values in the peri-implant 

bone were also compared between the mIMP2 model and the mIMP4 model to determine any 

differences.  Strain in the peri-implant bone surrounding the posterior mini-implants in the 

mIMP4 model was compared to analogous posterior bone in the mIMP2 model to explore 

differences in the resultant strains.   
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 In addition to comparison between the models, each model was compared to 

previously published values of acceptable stress and strain.  The stress placed on the implants 

was used to determine the possibility of fracture of the mini-implant when compared to a 

known value of the mini-implant strength, 160 N, assumed to correlate to 160 MPa (Kanie et 

al. 2004).  The strain experienced by the bone was compared to physiologic strain values that 

promote bone stability, 200 μ-strain to 2000 μ-strain.  Strain over or under this range can lead 

to disuse atrophy or overload, both of which result in bone resorption (Stanford and Brand 

1999).  Table 2 and table 3 display a schematic representation of the experimental design.  

RA and LA refer to right anterior and left anterior implants in the stress table and peri-

implant bone in the strain table.  RP and LP refer to the right posterior and left posterior 

implants in the stress table, the peri-implant bone in the strain table for the mIMP4 model, 

and the analogous posterior bone in the strain table for the mIMP2 model.  For stress, the 

maximum value was of clinical interest due to fracture potential of the mini-implants.  For 

strain, minimum, mean, and maximum values were clinically important because physiologic 

strain is a range, with consequences both at levels that are too high and too low.  Strain 

values were also reported over both the entire time of the load, from 0 to 1 second, and at the 

final time point, 1 second. 
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TABLE 2 

 

STRESS EXPERIMENTAL DESIGN 

 

Experimental 

Condition Measures 

Mini-implant Stress 

RA LA 

mIMP2 Maximum   

mIMP4 
Measures RP RA LA LP 

Maximum     

 

 

 

 

TABLE 3 

 

STRAIN EXPERIMENTAL DESIGN 

 

Experimental 

Condition Measures 

Peri-implant/ Posterior Strain 

RP RA LA LP 

mIMP2 

Minimum     

Maximum     

Mean     

mIMP4 

Measures RP RA LA LP 

Minimum     

Maximum     

Mean     

 

 

 

Data Analysis 

Comparative Analysis 

In each of the models, specific elements were used to calculate maximum stress for 

each mini-implant and maximum, mean, and minimum strain for area of peri-implant bone 

and posterior bone areas of interest.  These elements were chosen based on the elements that 
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were set to represent the mini-implants and bone, discussed previously.  The area of bone 

used to calculate the peri-implant and posterior strain was set to be identical between the two 

models.  Maximum values were obtained from the node with the maximum value in the 

chosen set of elements.  Minimum values were obtained in a similar manner.  The group of 

elements representing peri-implant bone or posterior bone were also averaged to further 

explore differences between the two models. 

 Analysis of the data involved comparing mIMP2 and mIMP4.  Maximum values of 

stress of each implant were compared to evaluate the differences in the implants based on the 

model.  These were also compared to the known value of the mini-implant yield strength, to 

determine if these implants could be at risk for fracture, based on the model and position 

(Campbell 2008).   

 Additionally, maximum, minimum, and mean values of strain in the peri-implant 

bone were compared between the models and between the different positions of the implants 

in each model.  The anterior implants’ surrounding bone strains were compared, while the 

peri-implant bone strains around the posterior implants in the mIMP4 model were compared 

to the posterior bone in an analogous position on the mIMP2 model.  In addition to 

examining differences between the models, these values were compared to known values of 

physiologic strain on bone, between 200 μ-strain and 2000 μ-strain, to determine if the strain 

being experienced by the bone was in the physiologic range to maintain bone, while not 

overloading it (Stanford and Brand 1999). 

Qualitative Analysis 

 In addition to numerical results, a visual representation was also created.  Each 

element was assigned a color that represents the value of stress or strain in that particular 
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element.  This allowed an overall understanding of areas in the model that experienced high 

and low stresses and strains, and differences between the models.  These representations are 

easily visualized using a colorimetric numerical range scale. 
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CHAPTER 3 

RESULTS 

 Two models were successfully created in 3-MATIC.  The first model was created 

with two mini-implants in the anterior portion of the mandible (mIMP2).  The second model 

contained two mini-implants anteriorly and two mini-implants in the posterior areas, for a 

total of four mini-implants (mIMP4).  MIMP2 consisted of 66,757 nodes, making up 367,630 

elements (fig. 2).  mIMP4 contained 68,260 nodes, making up 375,740 elements (fig. 2).  

Stresses on the implants in mIMP2 ranged from 0 MPa to 16.25 MPa, compared to 0 MPa to 

691.70 MPa in mIMP4.  Strain experienced by the peri-implant bone and posterior bone in 

mIMP2 ranged from 0 to 1754.46 μ-strain, compared to strain experienced by the peri-

implant bone in mIMP4 which ranged from 0 to 4225.57 μ-strain. 

 

 

 
 

 

       Figure 2. MIMP2 and mIMP4 models. 
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Comparative Analysis 

 The comparative analysis examined differences between mIMP2 and mIMP4 in stress 

on the mini-implants and strain experienced by the bone.   

Stress on Mini-Implants 

 Von Mises stresses, σ Von Mises, were calculated for each mini-implant.  The Von Mises 

stress combines the three principal stresses and is calculated as follows: 

𝜎𝑉𝑜𝑛 𝑀𝑖𝑠𝑒𝑠 =  √
(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2

2
 

where σ1, σ 2, and σ 3 represent the first, second and third principal stresses.  The principal 

stresses represent the component of the stress where the shear stress becomes zero, and thus 

the principal stress is maximized.  σ Von Mises represents the combination of the three 

principal stresses and is considered a ‘safe space’ when modeling because if the material 

strength is greater than σ Von Mises, then the component can withstand the load without 

failure.  

 The stress on the mini-implants are shown in table 4.  In mIMP2, stress on the left 

anterior implant was higher than stress on the right anterior implant, 16.25 MPa and 11.80 

MPa, respectively.  In mIMP4, the opposite was found, with the right anterior mini-implant 

experiencing 10.92 MPa and the left anterior mini-implant experiencing 8.18 MPa.  Stresses 

on the anterior implants were below the yield strength for titanium mini-implants.  In 

mIMP4, the stresses on the posterior implants were much higher than expected, 691.70 MPa 

for the right posterior mini-implant and 392.90 MPa for the left posterior mini-implant.  

These stresses could have exceeded the yield strength for titanium mini-implants. 
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TABLE 4 

 

STRESS ON MINI-IMPLANTS IN MIMP2 AND MIMP4 

 

Experimental 

Condition Measures 

Mini-implant Stress (MPa) 

RA LA 

mIMP2 Maximum 11.80 16.25 

mIMP4 
Measures RP RA LA LP 

Maximum 691.70 10.92 8.18 392.90 

 

 

Strain Experienced by Bone 

 The Von Mises strain, ε Von Mises, on the peri-implant bone and the analogous area 

of bone in the posterior of mIMP2 throughout the simulation are shown in table 5.  Similar to 

stress, it was calculated using the following formula: 

𝜀𝑉𝑜𝑛 𝑀𝑖𝑠𝑒𝑠 =  √
(ε1 − ε2)2 + (ε2 − ε3)2 + (ε3 − ε1)2

2
 

 

ε1, ε2, and εv represent the principal strains and the εVon Mises gives the effective strain using 

these three principal strains.  In the mIMP2 model, average strain ranged from 105.64 to 

175.93 μ-strain in the four areas.  Maximum strain ranged from 928.94 to 1754.46 μ-strain.  

Minimum strain was 0 in all areas.  In the mIMP4 model average strain ranged from 84.71 to 

193.23 μ-strain in the four areas of peri-implant bone.  Maximum strain ranged from 1780.50 

to 4225.57 μ-strain.  Minimum strain was 0 in all areas. 

 The ε Von Mises of the same areas was also calculated at the final time point and data 

is shown in table 6.  In the mIMP2 model, average strain at the final time point ranged from 

210.08 to 351.32 μ-strain in the four areas.  Maximum strain ranged from 928.94 to 1754.46 
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μ-strain, showing that maximum strain in all locations occurred at the final time point.  

Minimum strain ranged from 5.73 to 13.82 μ-strain.  In the mIMP4 model at the final time 

point, the average strain ranged from 168.01 to 385.91 μ-strain in the four areas of peri-

implant bone.  Maximum strain ranged from 1780.50 to 4225.57 μ-strain, again showing that 

maximum strain in all locations occurred at the final time point and that the posterior areas 

may be subject to overloading and bone resorption.  Minimum strain ranged from 6.06 to 

18.03 μ-strain. 

 

 

TABLE 5 

 

STRAIN EXPERIENCED BY PERI-IMPLANT AND POSTERIOR BONE 

 

Experimental 

Condition Measures 

Peri-implant/ Posterior Strain (μ-strain) 

RP RA LA LP 

mIMP2 

Minimum 0.00 0.00 0.00 0.00 

Maximum 1294.14 928.94 1339.62 1754.46 

Mean 166.25 110.74 105.64 175.93 

mIMP4 

Measures RP RA LA LP 

Minimum 0.00 0.00 0.00 0.00 

Maximum 3286.17 1785.68 1780.50 4225.57 

Mean 185.53 131.85 84.71 193.23 
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TABLE 6  

 

STRAIN EXPERIENCED BY PERI-IMPLANT  

AND POSTERIOR BONE AT FINAL TIME 

 

Experimental 

Condition Measures 

Peri-implant/ Posterior Strain (μ-strain) 

RP RA LA LP 

mIMP2 

Minimum 10.79 5.73 13.82 12.18 

Maximum 1294.14 928.94 1339.62 1754.46 

Mean 332.07 219.93 210.08 351.32 

mIMP4 

Measures RP RA LA LP 

Minimum 18.03 9.95 6.57 6.06 

Maximum 3286.17 1785.68 1780.50 4225.57 

Mean 370.52 262.16 168.01 385.91 

 

 

Qualitative Analysis 

 Visual representation of the mIMP2 and mIMP4 models were also created.  Areas of 

high stress were found at the level of the mucosa on the posterior implants in mIMP4 (fig. 3).  

Areas of low stress were found on the anterior implants in both mIMP2 and mIMP4 (fig. 4, 

fig. 5).   
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Figure 3. MIMP4 stress on posterior implants.  Posterior  

   implants show high stress at the level of the mucosa. 
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           Figure 4. MIMP4 stress on anterior implants.  

           Anterior implants show appropriate stress  

           throughout and do not exceed material strength. 
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Figure 5. MIMP2 stress on anterior implants.   

Anterior implants in mIMP2 show appropriate  

stress throughout and do not exceed material  

strength. 

 

In addition to stress, visual representations showing strain were captured of mIMP2 

and mIMP4.  Areas of high strain were found at the level of the mucosa in both the mIMP2 

and mIMP4 (fig. 6, fig. 7) and small areas of cortical bone immediately surrounding the 

posterior implants in the mIMP4 model (fig. 8).  Low strain appeared around the midline of 

each model (fig. 8, fig. 9).  Moderate strain was found in the peri-implant bone in mIMP4, 

anterior peri-implant bone in mIMP2, and posterior bone in mIMP2 (fig. 10, fig. 11). High 

strain was found in the posterior peri-implant bone in mIMP4 (fig. 11). 
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Figure 6. Strain on mucosa in mIMP2.  Mucosa shows areas of high strain  

 near areas of loading and on the ramus near areas of boundary conditions. 

 



 

42 

 

 

 

 

 

 

 

         Figure 7. Strain on mucosa in mIMP4. Mucosa shows areas of high 

         strain around the posterior implants and on the ramus near areas of  

         boundary conditions. 
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        Figure 8. Strain on cortical bone in mIMP4.  Cortical bone shows  

        areas of high strain in the posterior peri-implant bone.  Low strain  

        is seen in the anterior around the midline, apical to the crest of bone. 
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   Figure 9. Strain on cortical bone in mIMP2.  Cortical bone shows areas of  

   high strain near the superior boundaries.  Strain is lower in the posterior  

   area of loading compared to mIMP4.  Low strain is seen in the anterior  

   around the midline, apical to the crest of bone. 
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Figure 10. Strain on peri-implant and posterior bone in mIMP2. Strain is within        

appropriate levels for bone maintenance. 

 

 

Figure 11. Strain on peri-implant bone in mIMP4. Areas of high strain are seen in  

the posterior peri-implant bone.  Anterior peri-implant bone is within appropriate  

levels for bone maintenance. 
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CHAPTER 4 

DISCUSSION 

 In this study, models were created to test the differences seen when two anterior mini-

implants (mIMP2) are used to support a mandibular overdenture compared to when four (two 

anterior and two posterior) mini-implants (mIMP4) are used to support a mandibular 

overdenture.  Stress on the mini-implants was examined to determine fracture potential.  

Strain experienced by the peri-implant and analogous posterior bone in the model with two 

mini-implants (mIMP2) was investigated to determine differences in the ability of the models 

to maintain bone. 

Mini-Implant Stress 

 Stress on the anterior implants in both mIMP2 and mIMP4 were below the strength 

values of the mini-implants, indicating that, based on the model used, they are not at risk for 

fracture.  Stress on the posterior implants in mIMP4 appear to be close to the yield stress 

values of the mini-implants.  The stress would possibly be above in the neck area clinically.  

This indicates that, based on the model used, the posterior mini-implants could be at risk for 

fracture.  This finding should be interpreted with caution, both for the anterior and posterior 

implants, due to the lack of an overdenture in this model.  Although a force distribution 

method was used to attempt to model how the overdenture might distribute the loads, the 

connection to the anterior implants that would be present clinically through locator 

attachments could not be modeled without the overdenture.  One study looking at five mini-

implants in the intraforaminal area found maximum stresses on the mini-implants to be 

below 15 MPa, which is consistent with the anterior mini-implants modeled in this study 
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(Solberg et al. 2017).  Another study that used FEM modeled 4 mini-implants in the 

intraforaminal area and found a maximum stress of 524 MPa, which would be in the range of 

the values found here on the posterior mini-implants (Chang et al. 2015). 

Results showing that the maximum stress on the mini-implants occurred near the 

crestal bone are consistent with Topkaya (2015), although Topkaya (2015) showed lower 

stress values, with the maximum being 249.02 MPa.  The forces in Topkaya’s study were 

lower (40-100 N) compared to the load of 210 N in our study, making further comparison 

difficult.  Had the forces been consistent, it would be expected for the stress to be higher on 

the mini-implant because stress is a force divided by square area.  With lower area, stress 

would be higher if force is consistent.  El-Anwar (2015) also studied implants used to support 

overdentures with finite-element analysis and found the maximum stress on the implants 

were 1.86 MPa to 36 MPa, depending on the attachment type modeled, which are far lower 

than the current study.  The loads used were 50-150 N, which are also lower than the current 

study. 

Overall, the findings of the current study show much higher stress values on the 

implants than previous studies.  This could be due to a number of factors.  First, without 

modeling the overdenture, the distribution of forces could only be estimated, and it was 

impossible to model the connection to the anterior implants accurately.  This put higher 

forces on the posterior implants, resulting in higher stresses.  Implants were also modeled 

elastically, when in reality the material is elastoplastic.  The elastic modeling would allow the 

stresses to continue to increase when in reality plastic deformation would not allow this 

increase in stress.  Additionally, any connection between the anterior mini-implants and the 

overdenture could not be modeled, which could alter the stress distribution. 
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Peri-Implant and Posterior Bone Strain 

 Maximum strain around the anterior implants were within the physiologic values in 

both models.  The mean strain in the anterior peri-implant bone for both models when 

considering the whole time was below the physiologic values, likely due to the majority of 

time points having less than full loading.  When considering the mean strain measured at the 

ending time point, three of the four anterior areas in the two models were within the 

physiologic limits.  The left anterior peri-implant bone in mIMP4 was the only area that was 

below the physiologic limit.  Minimum strain was well below the physiologic values, which 

is to be expected.  The posterior peri-implant and analogous posterior bone mean strain was 

below the physiologic threshold when considering the whole time frame in both mIMP2 and 

mIMP4, although it approached the physiologic threshold.  The posterior peri-implant and 

analogous posterior bone mean strain was within the physiologic threshold when only the 

final time point was considered for both models.  The maximum values of strain occurred at 

the end time point.  In mIMP2, the maximum strain in the posterior bone was within the 

physiologic threshold.  In mIMP4, the maximum values of strain in the posterior peri-implant 

bone were found to be above the physiologic threshold, which could cause pathologic 

resorption of bone.   

 Similar to the findings presented here, Chang (2015) found that using mini-implants 

to support overdentures may result in bone strain over physiologic values.  That study was 

completed with a verified and validated FEM model, but the four mini-implants were placed 

in the intraforaminal area, as opposed to having two in the intraforaminal area and two in the 

posterior area as in this study.  The fact that the model was verified and validated helps give 
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support to the findings in the current study.  Another FEM study showed bone overload with 

mini-implants, although the study did not assume an overdenture restoration (Hasan et al. 

2010).   

 The current study can also be compared to a previous study examining the peri-

implant and posterior bone strain when an overdenture supported by 2 or 4 standard implants 

were modeled (Petrie et al. 2014).  In that study, it was found that posterior strain was higher 

in the 4 implant model when compared to the 2 implant model.  The 4 implant model showed 

physiologic strain, while the 2 implant model showed less than physiologic strain.  The 

current study showed a similar pattern, with the peri-implant bone strain in the 4 mini-

implant model being higher than the posterior bone strain in the 2 mini-implant model.  With 

the mini-implants and their smaller area, the 4 mini-implant model results in 

hyperphysiologic strain, while the 2 mini-implant model results in physiologic strain.   This 

comparison must be made with caution, though, because the previous work contained an 

overdenture, while the current study did not. 

In this study, it was expected that increasing the number of mini-implants should 

decrease the likelihood of strains beyond the physiologic range due to the increased surface 

area, and therefore greater stress distribution.  Instead, the opposite was observed.  This is 

likely because of the lack of the overdenture, resulting in direct loading of the posterior mini-

implants, and affecting the stress distribution from the mini-implants to the bone.  This 

increase in stress from the mini-implants to the bone would result in the higher strains seen.  

Additionally, as discussed before, modeling the mini-implants as linearly elastic instead of 

elastoplastic would result in higher stresses on the mini-implants and ultimately higher 

strains in the peri-implant bone.  Finally, the elastic modulus of the mucosa was modeled as 



 

50 

 

1000 instead of 1, as used in many other studies, due to model convergence issues.  The 

increase in stress on the mini-implants based on their modeling as linearly elastic would have 

caused increase in stress transferred to the mucosa and the surrounding bone.  In addition to 

the stress transferred from the mini-implants, the stress on the mucosa would have transferred 

at a higher rate than previous studies based on the necessary increase in the elastic modulus.  

The elastic modulus is the ratio of the stress to the strain, and could affect the results because 

the mucosa is deforming at a higher rate than in other models.  Overall, the findings 

regarding strain should be interpreted with caution. 

Clinical Implications 

 Many patients and clinicians are excited about the idea of using mini-implants to 

support mandibular overdentures due to their advantages over either conventional dentures or 

the use of standard implants.  This study shows that clinicians must proceed with caution 

when considering the use of mini-implants as opposed to standard implants.  Research is 

limited on the long-term success and survival of mini-implants, but this study shows that the 

mini-implants may be at risk of failure from fracture.  In addition to the fracture risk, there is 

a possibility that crestal bone resorption could be seen based on the high strain values in the 

posterior peri-implant bone when using 4 mini-implants.  This is likely based on the reduced 

surface area, which would result in higher stress and therefore higher strain.  If bone 

resorption were to occur, this would further reduce the surface area in contact with the bone, 

resulting in even higher forces, further bone loss, and progressive failure.  Overall, the 

clinician must take into account the individual circumstances of a case, including the bone 

available, occlusal force, and opposing arch composition prior to recommending mini-

implants to retain an overdenture. 
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Study Limitations 

 This study had a variety of limitations.  First, modeling always has its own set of 

limitations.  The model can only produce results as accurate as the set of assumptions that 

were used to create it, including boundary conditions, load conditions, and material 

properties.  The boundary conditions of this model included the superior aspect of the 

truncated ramus being fixed.  The loading conditions included loads over the second 

premolar, first molar, and second molar sites to simulate a patient, but the loading values 

vary greatly from many other publications.  This heterogeneity between the model loading 

makes comparison of the models difficult, as the load directly affects the stresses and strains 

seen in the models.  In addition, there was no validation or verification of this model to 

ensure that it accurately modeled reality.   

The material properties used for this publication were consistent with other 

publications, with the exception of the mucosa and implants.  The elastic modulus of the 

mucosa had to be altered for the model to successfully run.  This alteration could have 

changed how the forces were distributed through the materials, especially due to the lack of 

an overdenture, so areas of the mucosa were loaded directly.  The implants were modeled as 

linearly elastic, as opposed to elastoplastic due to software limitations.  In testing, 

elastoplastic response has been shown to describe titanium alloy well (Gilles et al. 2011).  An 

elastic material has a linear stress-strain relationship, while an elastoplastic material has a 

linear elastic component, as well as a nonlinear plastic portion.  Linear elastic modeling 

allows the stress to continue increasing indefinitely, whereas in reality the stress would reach 

the elastic limit and then the material would deform plastically.  This would keep the stresses 
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from continuing to increase linearly.  Because of this, the stresses shown in this model may 

be inaccurately high compared to what would be seen clinically 

 The current model also lacked an overdenture due to issues with combining the 

various components in the software.  To attempt to compensate for the lack of an 

overdenture, the forces were distributed in a 1:1 ratio through what would have been the 

height of the overdenture.  While this allowed for a better estimation of the force distribution 

than loading at a single point, it did not allow for simulated attachments to the anterior 

implants, nor did it take into account any displacement of the overdenture which would 

further distribute the stress to all of the mucosa instead of only the posterior mucosa.   

 Finally, implant placement was modeled and combined with a scan of an edentulous 

jaw.  Other publications have scanned patients with implants, which could give a more 

clinically accurate view of the placement of the implants in the mandible.  Oftentimes, 

surgical placement does not perfectly match planned placement, which could give further 

variations to the resulting stresses and strains. 

Future Studies 

 The current study has shown that there is a possibility of negative clinical effects if 

mini-implants are used to retain mandibular overdentures.  There are many future studies 

which could be undertaken to further investigate the potential issues and benefits from using 

mini-implants to support overdentures.  Adding an overdenture would be a definite 

improvement to the current model because it would more accurately represent how forces 

will distribute in a clinical scenario.  In addition, modeling the implants as an elastoplastic 

material would also give more clinically accurate results.  Other modeling specifications 

could be altered to give more accurate results, including using 10-node tetrahedron elements 
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and smaller elements.  This change would require more computing power and time to allow 

the modeling algorithms to finish.   

 Additional future studies could focus on comparing mini-implants to standard sized 

implants.  Various studies have examined the effects of differences in standard implants in 

regards to shape, length, and width, but most did not include sizes that would represent mini-

implants.  This could also be taken further to examine the effects of these differences in 

width on the implants and bone when standard implants or mini-implants are used to support 

overdentures.  Comparing these in a single study would give a better understanding of their 

similarities and differences in similar conditions. 
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CHAPTER 5 

CONCLUSIONS 

 Understanding how using mini-implants to support overdentures affects the bone and 

the mini-implants themselves is critical to safely and effectively using mini-implants in 

clinical practice.  Within the limitations of this study, the following was found: 

1. There was a clinically relevant difference in the stress placed on the mini-implants as 

a function of the number of denture-supporting mini-implants.  Higher stress values, 

potentially above the fracture point in the neck area, of the mini-implants were found 

in the posterior implants of the four mini-implant model.   

2. There was not a clinically relevant difference in the strain experienced by the anterior 

peri-implant bone as a function of the number of denture-supporting mini-implants.  

The maximum strains were within the physiologic strain range, which suggests that 

the bone levels could be maintained in the anterior with both the two and four mini-

implant models. 

3. There was a clinically relevant difference in the strain experienced by the posterior 

peri-implant bone in the four mini-implant model and the analogous posterior bone in 

the two mini-implant model.  The posterior peri-implant bone in the four implant 

model showed high levels of strain that were above the physiologic level and could 

lead to pathologic bone resorption.  The strain experienced by the two implant model 

was within the physiologic range. 
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