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Abstract 

A review of recent literature revealed very high success rate of implants used to 
support a mandibular overdenture as an alternative to the conventional 
removable dentistry. Today there are already several prosthetic solutions for 
same clinical situations: in particular, the implant support can be different 
depending on the type of implants used and their layout. It is well known that the 
success or the failure of implants interfaced with bone depends, counting on a 
favourable biological reaction, on the structural condition of the biomechanical 
system constituted by the bone structure and the implant. The knowledge of 
strain/stress pattern can allow to establish if bone maintenance, resorption or 
addition is more likely to take place. 
In this work two different kinds of implant supports for overdenture retention 
were compared by means of FEM: they differed for the number of implants, for 
their dimension, for their location inside the mandible and, at last, for the 
presence/absence of a beam connecting all implants and making them all linked. 

Clinical follow-up was assessed by means of technetium 99m-MDP 
scintigraphy. The obtained results agree with the clinical experience.  
Keywords:  dental implants, biomechanics, bone remodelling, FEM, nuclear 
medicine, bone scintigraphy. 

1 Introduction 

The implant-supported prosthesis is an alternative to the conventional 
removable dentistry: while conventional denture may meet the needs of many 
patients, others require more retention, stability, function and aesthetics. A 
review of recent literature [1] revealed very high success rate of implants used to 
support a mandibular overdenture; for such a reason their use will become more 
and more widespread. Today there are already several prosthetic solutions for 
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same clinical situations: in particular, the implant support can be different 
depending on the type of implants used and their layout, fig. 1.  

 

 
 

Figure 1: X-ray image (left) and picture (right) of an implant support 
solution. 

 
The clinical comparison of different surgical treatments is difficult because, 

as a matter of fact, each patient has its own specific biomechanical situation and 
the scientific literature at the moment does not provide any clear directives to 
claims of alleged benefits of specific morphological characteristics of dental 
implants [2]. However, it is well known that the success or the failure of 
implants interfaced with bone (orthopaedic and dental implants) depends, 
counting on a favourable biological reaction, on the structural condition of the 
biomechanical system constituted by the bone structure and the implant [3, 4]. 
The knowledge of strain/stress pattern can allow to establish if bone 
maintenance, resorption or addition is more likely to take place [5]: Hoshaw et al 
[6] applied a dynamic axial tensile load for 500 cycles per day for five 
consecutive days to Brånemark implants inserted in the tibia of rabbit. The result 
was bone loss around the implant neck; a finite element analysis showed high 
strains in this region. Duyck et al [7] found crater-like bone defects as a result of 
a dynamic transversal load applied on Brånemark implants inserted bicortically 
in rabbit tibiae. The interpretation was that the bone loss had been caused by 
excessive stresses. Roberts et al [8] reported a high remodelling rate around the 
tops of implant threads. All these researches confirm that the analysis of stress 
pattern can give important indications for the choice of the kind of implant to be 
used. 

The biomechanical system to analyse is complex because of the presence 
of different structures (compact bone, cancellous bone, gum, implant, 
prosthesis), which present complex geometry and different mechanical 
properties. For this reason, it is difficult to evaluate load transmission from the 
teeth to the bone intuitively, and Finite Element Method (FEM) is a necessary 
tool for comparative evaluations, allowing the simulation of different surgical 
treatments on the same bone situation.  

In particular, in this work, two different kinds of implant supports for 
overdenture retention were compared by means of FEM: they differed for the 
number of implants, for their dimension, for their location inside the mandible 
and, at last, for the presence/absence of a beam connecting all implants and 
making them all linked. 
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The numerical results were validated on the basis of the clinical outcome of 
12 patients, whose oral tissue was rehabilitated by means of different kinds of 
dental implants; their follow-up was assessed through bone technetium 99m-
MDP scintigraphy, a specific technique of nuclear medicine. Bone scintigraphy 
is a very sensitive method for the detection of the osteoblastic activity of the 
skeleton. The technique consists in imaging the uptake of bone-seeking 
radiopharmaceuticals,in the mineral component of bone as well as in the organic 
matrix; in particular, technetium-99m labelled diphosphonates are used [9]. 
Several recent medical reports have focused their attention on the possible 
application of skeletal scintigraphy imaging to odontostomatology [10, 11, 12, 
13, 14, 15, 16]. 

2 Materials and methods 

The first solution for overdenture retention will be called ‘traditional’ in the 
following and simulates the insertion of two Brånemark implants, parallel to 
each other, in the chin area. A resinous saddle is the basis for the prosthesis and 
is linked to these implants, fig. 2a. The second solution will be called ‘modified’ 
in the following and simulates the insertion of four screwed implants, anchored 
to the chin area with bi-cortical fixation. These implants are differently oriented 
and are connected to each other by a metallic wire, soldered by means of a 
syncrystallization process. The acrylic saddle used as a base for the prosthesis is 
attached to this metal wire. A plastic layer is placed between the wire and the 
saddle and works as a damper, fig. 2b. 

These two solutions were applied to two different types of mandibles: the 
first one, called ‘normal’, has a physiological shape, while the second one, called 
‘resorbed’, shows a remarkable resorption, as often encountered in the clinical 
practice, fig. 2c.  

 
 

                            a)                                    b)                                   c) 

Figure 2: FE models of a) a ‘normal’ mandible with a ‘traditional’ implant 
support design, b) a ‘normal’ mandible with a ‘modified’ implant 
support design, c) a ‘resorbed’ mandible. 

Finally, four different numerical models were created: both ‘normal’ and 
‘resorbed’ mandible were considered with both kinds of implant support for 
overdenture retention. 

Perfect osteointegration was simulated (secondary stability). The numerical 
models consisted of approximately 33000 4-node tetrahedra. Modeled materials 
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are listed in table 1, while mechanical properties agree with data found in the 
literature [17, 18]. 

Table 1: Mechanical properties of materials. 

Material Young’s modulus  
[MPa] 

Poisson’s 
ratio 

Cortical bone 13000 0.3 
Spongious bone 300 0.3 
Gum 20 0.3 
Titanium 100000 0.3 
Resin 2000 0.4 
Damping layer 500 0.4 

 
All models were asymmetrically loaded in correspondence of the second 

pre-molar. Distributed loads were applied, simulating the contact with the 
corresponding upper tooth; the vertical component of the load was equal to 50 N 
and the distal-mesial component was equal to 50 N [7]. Constrains simulated the 
action of muscles during mastication. 

Numerical results were validated against the clinical outcome of twelve 
patients, aged 42-65 years, randomly chosen, informed and consenting; these 
patients were injected with 370MBq of Tc-99m-MDP and scanned 3 hours later 
by a gamma-camera in order to assess the isotope uptake by the mandible. The 
physical half-life of the agent is 6 hours and about 50% of the administered dose 
is absorbed by the osseous tissues within 2-3 hours of injection; the remainder is 
very rapidly excreted by the kidneys. The absolute count for each gamma-camera 
survey is dependent upon the individual bone mass, time passed from the 
administration, and the rate of metabolic activity; these variables changed from 
patient to patient. Therefore, the results of each scan were standardised to 
produce a “bone scan index”: the scan count at the peri-implant tissue is referred 
to the skull and the contralateral non treated side of the mandible. Seven patients 
were rehabilitated with a traditional dental support design, while five patients 
were rehabilitated with needle implants, connected to each other by means of a 
metallic wire through a syncrystallization process. The follow-ups of all the 
patients ranged between 18-36 months.  

3 Results and discussion 

The main attention of this analysis was focused on stress/strain pattern in 
cortical and trabecular bone in order to assess if the structural condition was 
favourable to bone remodelling. First of all, von Mises stress were considered to 
highlight the most stressed areas, after a more detailed analysis was carried on to 
assess the orientation of principal stresses in that area. 

The analysis of von Mises stresses in cortical bone pointed out that the 
peak stress occurred in correspondence of the implant located nearest to the 
applied load, for both implant support solutions, fig. 3a, b. The peak stress was 
located at the implant insertion into cortical bone, on the distal side. The same 
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pattern was observed in the case of the atrophic mandible, but the peak stress had 
slightly decreased, fig. 4. 

 

     

                      a)                                                            b) 

Figure 3: von Mises stresses in the cortical bone of a ‘normal’ mandible: a) 
'traditional' implant support design, b) ‘modified’ implant support 
design. Stress values are in MPa. 

 

 
 

Figure 4:  von Mises stresses in the cortical bone: 'traditional' implant support 
design applied on a ‘resorbed’ mandible. Stress values are in MPa. 

 
A more detailed stress analysis pointed out that the peak stress is due to a 

notch effect: stress field is typically three-axial, the stressed area is very small 
and corresponds to the clinical evidence of conical resorption [6]. The ‘resorbed’ 
mandible has a smaller cross section but stresses remain nearly the same as the 
‘normal’ mandible because, in both cases, only a small portion of the total bone-
implant interface area carries the external load. Furthermore, the ‘resorbed’ 
mandible is more flexible and therefore notch intensity factor is lower.  

The analysis showed also that the most influent component of the force was 
that one along y (distal-mesial) direction because the application point of the 
force was nearly aligned with one of the constrain points, along the z (vertical) 
direction. 

However, the comparison between the ‘normal’ and ‘resorbed’ mandible 
results was biased by the assumption that bone quality was the same in both 
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cases. Having assessed the influence of pure morphological variation as done in 
this work, further study should be performed taking advantage of recent works 
[19] describing how the mechanical properties of mandibular bone (Young’s 
modulus and ultimate stress, mainly) vary as a consequence of bone resorption. 

On the whole, the ‘modified’ implant design produced lower stresses than 
the ‘traditional’ one (-34% of von Mises stress).  

This result can be explained on the basis of the following observations: 
first, the load is distributed on a larger number of implants, second, the notch 
effect is reduced whenever more than one discontinuities are present: stress 
distribution is more uniform, even if the average stress level raises. 

The numerical finding is corroborated by the clinical experience of the 
third author and by radiographic findings where larger alveolar bone losses 
(typical resorbed cones) are visible in correspondence of Brånemark implant 
insertion into the bone. Other works in literature agree with this assertion [20]. 

A more detailed analysis was performed in order to assess the structural 
importance of the metallic wire connecting all implants in the ‘modified’ 
solution; for this aim an hypothetical model without wire was developed. The 
numerical analysis demonstrated that the removal of a 2 mm diameter wire, 
produces a peak stress 5% higher: the reduction of implant-bone system stiffness 
was moderate because, having considered secondary stability, the implants were 
linked to each other by means of cortical bone which has a lower Young’s 
modulus than the metallic wire, but shows a definitively more favourable 
geometry due to its larger dimensions. 

Different results should be expected if primary stability had been studied, 
because the implant would not be osteointegrated yet and consequently the 
constrain given by the cortical bone would rely only on contact forces. 

The stresses in the trabecular bone for ‘traditional’ implant support design 
pointed out how the most stressed area, this time, was located in correspondence 
of the distal tip of the implant, opposite to the loaded area, fig. 5a; these stresses 
could be disregarded for two main reasons: their magnitude was low [19] and 
their location was far away from the proximal implant area which is the most 
critical for what concern bone remodelling.  

In the case of the ‘modified’ implant, the most stressed area was next to the 
implant insertion, fig. 5b and the location changed moving form the ‘normal’ 
mandible to the atrophic one, fig. 6; on the whole, stresses were quite well 
distributed on the entire implant area and they never reached critical values [19]. 

As regards bone scintigraphy, images like figure 7 were analysed: the level 
of osteoblastic activity in the mandible results in different grey levels. A 
metabolic activity of the peri-implant bone tissue was evident in all five out of 
the seven cases where the oral tissues rehabilitation was performed with 
traditional implants; on the contrary, no metabolic activity of the peri-implant 
bone tissue was evident for all five patients, rehabilitated with needle implants 
connected to each other by means of a metallic wire. 
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a) b) 

Figure 5: von Mises stresses in the trabecular bone of a ‘normal’ mandible: a) 
'traditional' implant support design, b) ‘modified’ implant support 
design. Stress values are in MPa. 

 

 
 

Figure 6:   von Mises stresses in the trabecular bone of a ‘resorbed’ mandible 
with a ‘modified’ implant support design. Stress values are in MPa. 

 
Bone scans are able to show reactive modifications in osteoblastic activity 

that would not appear on radiographic images, but they do not show morphologic 
changes due to their low resolution. In detail, bone scintigraphy may be positive 
if the increase in the osteoblastic activity is approximately 10% above normal 
level [21], while conventional radiologic techniques require an alteration of the 
bone mineral content equal to 30 to 50% in order to detect bony changes. 
Besides, morphological alteration are usually the final result of a biochemical 
process that has remained undetected until the development of physical 
symptoms.  
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Figure 7: Bone scintigraphy images: evident peri-implant bone metabolic activity 
(left) and absence of such activity (right). 

4 Conclusions 

The purpose of this study was to compare the effect of different implant 
support designs for overdenture retention in order to identify the solution which 
produces a better biomechanical behaviour for the bone-implant system. This 
comparison was performed numerically, by means of a three-dimensional finite 
element models, and it was validated clinically by means of a nuclear medicine 
technique. 

The implant support consisting of four bicortical screws resulted in a peak 
principal stress 34% lower than the implant support consisting of two Brånemark 
implants.  

The difference between the structural behaviour of implanted ‘resorbed’ 
and ‘normal’ mandibles was negligible for the considered load, however ultimate 
stress was different between these two situations and further studies should take 
into account the different mechanical properties of the bone between a ‘normal’ 
and a ‘resorbed’ mandible.  

The application of a metal wire which links all bi-cortical screws produced 
a stress reduction equal to about 5%, but also the primary stability should be 
investigated because, in this case, the action of the metallic wire which limits 
implant bending would be surely emphasised. 

Bone scintigraphy carried out on a restricted number of patients has 
demonstrated that osteoblastic activity has taken place in the majority of cases 
where traditional dental implants had been implanted, even in asymptomatic 
patients. On the contrary, no osteoblastic activity has been visualised in all cases 
where innovative needle implants were implanted, connected to each other by 
means of a metallic wire. 

Finally, the finite element method has been validated and consequently 
demonstrated to be suitable for simulating complex biomechanical systems in the 
maxillofacial area; on the other side, bone scintigraphy has proved to be a 
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valuable test to follow up the peri-implant bone tissue and to assess the ongoing 
bone remodelling activity. 
 

References 

[1] Doundoulakis, J.H., Eckert, S.E., Lindquist, C.C. & Jeffcoat, M.K., The 
implant-supported overdenture as an alternative to the complete mandibular 
denture. Journal of the American Dental Association, 134(11), pp. 1455-
1458, 2003. 

[2] Jokstad, A., Braegger, U., Brunski, J.B., Carr, A.B., Naert, I. &  Wennerberg, 
A., Quality of dental implants. International Dental Journal, 53(6 Suppl 2), 
pp. 409-443, 2003. 

[3] Lorenzi, G.L. &  Calderale, P.M., Problemi meccanici delle artroprotesi. 
Proc. of LIX Congr. SIOT Cagliari Italy, pp. 1-107, 1974. 

[4] Calderale, P.M., Fasolio, G. &  Mongini, F. Experimental analysis of strains 
influencing mandibular remodelling. Acta Orthopaedica Belgica, 46(5), pp. 
601-610, 1980. 

[5] Frost, H.M., Skeletal structural adaptions to mechanical usage (SATMU): 1. 
redefining Wolff’s law: the bone remodelling problem. Anatomic Records, 
226, pp. 403-413, 1990. 

[6] Hoshaw, S.J., Brunski, J.B. &  Cochran, G.V.B., Mechanical loading of 
Brånemark implants affects interfacial bone modelling and remodelling. The 
International Journal of Oral and Maxillofacial implants, 9, pp.345-360, 
1994. 

[7] Duyck, J., Ronold, H.J., Van Oosterwyck, H., Naert, I., Vander Sloten, J. &  

Ellingsen, J.E., The influence of static and dynamic loading on marginal 
bone reactions around osseointegrated implants: an animal experimental 
study. Clinical Oral Implants Research, 12(3), pp. 207-218, 2001. 

[8] Roberts, W.E., Hohlt, W.F. &  Analoui, M., Implant-anchored space closure 
as a viable alternative to fixed prostheses. Biological Mechanisms of Tooth 
Movement and Craniofacial Adaptation, ed. Z. Davidovitch & L.A. Norton, 
Harvard Society for the Advancements of Orthodontics: Boston, pp. 617-
621, 1996. 

[9] Fogelman, I., (ed). Bone Scanning in Clinical Practice, Springer-Verlag: 
Berlin and New York, 1987. 

[10] Meidan, Z., Weisman, S., Baron, J. & Binderman, I., Technetium 99m-MDP 
scintigraphy of patients undergoing implant prosthetic procedures: a follow-
up study. Journal of Periodontology, 65(4), pp. 330-335, 1994. 

[11] Khan, O., Archibald, A., Thomson, E. & Maharaj, P., The role of 
quantitative single photon emission computerized tomography (SPECT) in 
the osseous integration process of dental implants. Oral Surgery, Oral 
Medicine, Oral pathology, Oral Radiology, and Endodontics, 90(2), pp. 228-
232, 2000. 



 145 

[12] Dimonte, M., Inchingolo, F., Minonne, A. & Stefanelli, M., Radionuclide 
imaging in oral implantations. Personal experience in maxillary sinus 
elevation. La Radiologia Medica, 100(5), pp. 332-336, 2000. 

[13] Dimonte, M., Inchingolo, F., Di Palma, G., & Stefanelli, M., Maxillary sinus 
lift in conjunction with endosseous implants. A long-term follow-up 
scintigraphic study. Minerva Stomatololgica, 51(5), pp. 161-165, 2002. 

[14] Ferreira, R.I., de Almeida, S.M., Boscolo, F.N., Santos, A.O. & Camargo, 
E.E., Bone scintigraphy as an adjunct for the diagnosis of oral diseases. 
Journal of Dental Education, 66(12), pp. 1381-1387, 2002. 

[15] Bambini, F., De Stefano, C.A., Giannotti, L., Meme, L. & Pellecchia, M., 
Influence of biphosphonates on the integration process of endosseous 
implants evaluated using single photon emission computerized tomography 
(SPECT). Minerva Stomatologica, 52(6), pp. 331-338, 2003. 

[16] Bambini, F., Meme, L., Procaccini, M., Rossi, B. & Lo Muzio L., Bone 
scintigraphy and SPECT in the evaluation of the osseointegrative response to 
immediate prosthetic loading of endosseous implants: a pilot study. The 
International Journal of Oral & Maxillofacial Implants, 19(1), pp. 80-86, 
2004. 

[17] Haribhakti,V.V., The dentate adult human mandible: an anatomic basis for 
surgical decision making, Plastic and Reconstructive Surgery, 97(3), pp.536-
541, 1996. 

[18] Terheyden, H., Muhlendyck, C., Sprengel, M., Ludwig, K. &  Harle F., Self-
adapting washer system for lag screw fixation of mandibular fractures. Part 
II: in vitro mechanical characterization of 2.3 and 2.7 mm lag screw 
prototypes and in vivo removal torque after healing. Journal of Cranio-
Maxillo-Facial Surery, 27(4), pp.243-251, 1999. 

[19] Giesen, E.B., Ding, M., Dalstra, M. &  Van Eijden, T.M., Changed 
morphology and mechanical properties of cancellous bone in the mandibular 
condyles of edentate people. Journal of Dental Research, 83(3), pp. 255-
259, 2004. 

[20] Luo, X., Ouyang, G. & Ma, X., Three dimensional finite element analysis on 
the mandibular complete overdenture supported by nature roots or implants, 

Zhonghua Kou Qiang Yi Xue Za Zhi, 33(5), pp.303-305, 1998. 
[21] Craemer, T.D. & Ficara, A.J., The value of the nuclear medical scan in the 

diagnosis of temporomandibular joint disease. Oral Surgery, Oral Medicine, 
and Oral Phatology, 58(4) ,pp. 382-385, 1984. 


