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Abstract

Keywords:

Aim: To evaluate stress and strain distribution in the bone around the mini-implants used for orthodontic anchorage at different sites as per different 
bone density and thickness by performing a FEM study.Materials and Methods:Computer aided design(CAD) model of mini-implants of different 
dimensions were generated by laser scanning of the mini-implants and also CAD model to represent bone were generated using material properties of the 
bone.FEA was carried out using different loading variables at 7 different mini-implant sites having different thickness and density at those respective 
sites. 

Results: Result showed that all the FE models showed the area with the highest stress and strain to be around the neck of the micro-implant and the 
cortical bone and least were seen at the tip of the micro-implants around the trabecular bone. Comparision of all the FE models showed on application of 
orthopaedic load more stress and deformation were seen as compared to orthodontic load. Also comparision of the FE models showed more stress and 
deformation on application oblique load as compared to the vertical load.Conclusion: To obtain an optimal biomechanical response, the implant should 
preferably be placed entirely in the cortical bone (however, this may not always be feasible clinically). The neck of the implant should be sturdy enough, 
and the head of the implant should not produce any kind of irritation to the overlying mucosa.

 Mini-Implant, Trabecular Bone, Cortical Plate, Finite Element Analysis.
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Results

4and to attain maximum orthodontic anchorage . 2. Orthodontic & orthopaedic force By 
In the field of engineering finite element method varying: 
(FEM) has been successfully applied for the ?Different Types of Bone Density nchorage control is one of the most 
mechanical study of stress and strain. So its depending on implant site– the bone densities important to accomplish effectual 
attainable to explain stress and strain at 7 implant sites are as follows : orthodontic and dentofacial orthopaedic 

3 distribution in living structures as a result of treatment. Implants are excellent substitute to I. Site 1 – 1.65 mg/cm (Vertical Insertion). 
3 different internal and external forces. Crucial traditional orthodontic anchorage techniques in II. Site 2 – 1.75 mg/cm (Vertical Insertion). element for the success or faliure of mini- 3 the circumstances when patients compliance 

III. Site 3 – 1.75 mg/cm (Oblique Insertion). implant's is the manner stress are transferred to during treatment is doubtful and using extraoral 3 the surrounding bone. Finite element analysis IV. Site 4 -- 1.70 mg/cm (Oblique Insertion). devices is avertable .Every orthodontic device, 
3 (FEA) has been used extensively to predict the which exercises a force onto the tooth, generates V. Site 5 -- 1.65 mg/cm (Oblique Insertion). 
3 biomechanical performance of various dental an opposite force which then affects the VI. Site 6 -- 1.64 mg/cm (Oblique Insertion). implant designs as well as the effect of clinical 3 anchorage. 

VII.Site 7 -- 1.72 mg/cm (Oblique Insertion).factors on implant success. Finite element 
0In recent years use of TAD's(Temporary Different angulation of insertion : 60 to analysis(FEA) is the most popular tool to 

0Anchorage Device) for anchorage has gained Occlusal plane at Buccal sites. 90 at Palatal estimate the effects of stress and strain popularity due to easy technique of placement sites. 3 distribution on the mini-implant's and the and retrieval and also being economical .TAD's surrounding bone. FEA allows us to anticipate have been used as anchorage for tooth stress distribution in the contact area of the movements that could not otherwise have been mini- implant's with the cortical bone as well as performed. Mini-implant researchers and contact of the apex of the mini-implant in the manufacturers have developed mini-implant's trabecular bone. of smaller dimensions for orthodontic 
anchorage which can be effectively used at any 
surfaces of the alveolar process also in the 
interdental areas. mini-implant's are easy to 
implant and remove. In addition, orthodontic 

?Implant loading force application can begin almost immediately 
after implantation. I. Orthodontic loading -- Forces applied for 

Oblique direction 150gm ,Vertical force 75gm It's important to comprehend the stress and 
strain distribution around the load bearing II. Orthopaedic loading -- 500gm 
TAD's in the bone as the biomechanical 
influences on the bone structure plays an 
essential role in the longevity of the bone around 
the mini-implant's. The quality and direction of 
the applied force affects the mini-implant's 
resulting in bone deformation around them. The 
bone density around the implant site also plays a 
cruicial role of longevity of the mini-implant's. 
Also one of the factors affecting the success is 
the different angulation of loading of mini-
implant's, Different loading forces which can be 
orthodontic as well as orthopaedic can have an 
effective impact on the mini-implant's 
longetivity. Different dimensions of the mini-
implant's at different implants sites plays a 
major role for the longetivity of the mini-
implant's. 

a) FEM Analysis:FE Simulation for Stress-Clinical evaluation of stress and strain Strain Analysis of: distribution in the bone is unattainable so the 
1. Implant (TAD) at different sites o Bone Post processing is done to analyze the stress analysis of these endosseous implants is 
around the mini-implant results in FEM. Stress and strain calculation necessitous for examination of bone turnover 

?

a) Source of data:This FEM study will be 
0carried out at a specialised center for the same, Fig: Placement of TAD at 60 in the CAD Model& Placement 

0named FEA Solutions, located in Thane. of TAD at 90 in the CAD Model 
? Generation of CAD Model 

Computer Aided Design(CAD) Models will 
be generated with avaiable specific Mini-
implant screw dimensions. Laser scanning of 
actual mini-implant will be done to get exact 
CAD Model for FE Analysis. CAD Model to 
represent the bone will be modelled as a simple 
cylinder around the mini-implant. 

Table: Different bone densities at 7 different TAD sites 
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around the Mini-implant and the bone at the 7 
different sites as per different vertical oblique 
and orthopaedic load. Based on objectives of the 
study. Results were presented under following 
headings. 

Implant loading at Site 1 : Mini-implants 
is placed at anterior palatal paramedian site on 
which the vertical load of 75gm , and 
orthopaedic load of 500gm was applied. When 

of mini- implant in the trabecular bone. a survival rate of 84.8% (18/21) was obtained. 
?Implant loading at Site 5 : Mini-implants As for orthodontic mini-implants, Ohmae 

17is placed at anterior alveolar site on which the and colleagues showed that miniscrews 1 mm 
oblique load of 150gm , and orthopaedic load of in diameter were able to sustain an intrusive 
500gm was applied. When oblique load of force of 150gm for 12 to 18 weeks in beagle 

? 150gm was applied the maximum stress is seen dogs. However, only preliminary studies can be 
on the body of the mini-implant of 4.24MPa. found concerning the clinical applications of 
The deformation due to the stress is maximum mini- implants as orthodontic anchorage. Costa 

11seen around the body of the mini-implant 1mm and coworkers used 2-mm titanium mini-
vertical load of 75gm was applied the maximum from the surface of the cortical bone screws as anchorage for various types of tooth 
stress is seen on the body of the mini-implant of (0.0004mm). Least deformation is seen around movement, and a failure rate of 12.5% (2/16) 
0.64MPa.The deformation due to the stress is the tip of the mini-implant in the trabecular was found. They noted that a force system that 
maximum seen around the body of the mini- bone. When Orthopaedic load of 500gm was generated a moment to the screw in the 
implant 1.5mm from the surface of the cortical applied the maximum stress is seen on the body unscrewing direction condemned an implant to 

18bone(0.0000283mm). Least deformation is seen of the mini-implant of 17.04MPa. More failure. Freudenthaler and associates placed 
in the trabecular bone around the tip of mini- deformation is seen around the body of mini- 2mm bi-cortical titanium screws in the 
implant. When Orthopaedic load of 500gm is implant in cortical bone(0.002mm) whereas interdental alveoli of mandibles for the 
applied the maximum stress is seen on the body least deformation is seen around the tip of mini- protraction of posterior teeth, and 3 of the 12 
of the mini-implant of 31.95MPa.The implant in the trabecular bone. screws (25%) were considered failures. Risk 

  Mini-implants deformation due to the stress is maximum seen ?Implant loading at Site 6 : factors associated with implant failure were not 
is placed at anterior buccal alveolar site on in the cortical bone 1.5mm fron the surface of mentioned in the report. 
which the oblique load of 150gm , and bone around the body of the mini- Seven micro-implant sites were considered 
orthopaedic load of 500gm was applied. When implant(0.0044mm).Least deformation is seen out of which two sites which were Site 1 
oblique load of 150gm was applied the in the bone around the tip of the mini-implant in (anterior palatal paramedian) and Site 2 
maximum stress is seen on the body of the mini-the trabecular bone. (posterior palatal paramedian) on which vertical 

? Implant loading at Site 2 : Mini-implant is implant of 2.2MPa. The deformation due to the load of 75gms were applied and orthopaedic 
placed at posterior palatal paramedian site on stress is maximum seen around the body of the load of 500gms were applied whereas on Site 3 
which the vertical load of 75gm , and mini-implant 4mm from the surface of the (Anterior palatal alveolar), Site 4(Posterior 
orthopaedic load of 500gm was applied. When cortical bone(0.0002mm). Least deformation is palatal alveolar), Site 5 (Anterior alveolar), Site 
vertical load of 75gm applied the maximum seen around the tip of the mini-implant in the 6 (Anterior buccal alveolar) & Site 7 (Posterior 
stress is seen on the head of the TAD of trabecular bone. When Orthopaedic load of buccal alveolar) on which oblique load of 
0.59MPa. The deformation due to the stress is 500gm was applied the maximum stress is seen 150gms and orthopaedic load of 500gms were 
maximum seen around the body of the mini- on the body of the mini-implant of 8.14MPa. applied. It was noted that at Site 1 & Site 2 on 
implant 1.5mm from the surface of the cortical More deformation is seen around the body of the application of vertical load more deformation 
bone (0.0000253mm). Least deformation is mini-implant in the cortical bone (0.001). Least was seen in the cortical bone around the micro-
seen around the tip of the mini-implant in the deformation is seen around the tip of the mini- implant and least were seen around the tip of 
trabecular bone. When Orthopaedic load of implant in the trabecular bone. micro-implant in the trabecular bone. Similar 

 Mini-implants 500gm was applied the maximum stress is seen ?Implant loading at Site 7 : result were seen at the sites 3,4,5,6,&7 on 
is placed at posterior buccal alveolar site on on the head of the mini-implant of 29.22MPa. application of oblique load more deformation 
which the oblique load of 150gm , and The deformation due to the stress is maximum was seen in the cortical bone around the micro-
orthopaedic load of 500gm was applied. When seen in the cortical bone 1.5mm from the surface implant and least were seen around the tip of 
oblique load of 150gm was applied the of the bone around the body of the mini- micro-implant in the trabecular bone. This may 
maximum stress is seen on the body of the mini-implant(0.0029).Least deformation is seen in be due to variation in density and thickness of 
implant of 2.28MPa. The deformation due to the the bone around the tip of the mini- implant in the cortical & trabecular bone . 
stress is maximum seen around the body of the the trabecular bone. On conducting the study on application of 

? Implant loading at Site 3 : Mini-implants mini-implant 4mm from the surface of the orthopaedic load of 500gms more stress and 
is placed at anterior palatal alveolar site on cortical bone(0.0002mm). Least deformation is deformation were seen as compared to 
which the oblique load of 150gm , and seen around the tip of the mini-implant in the application of vertical load of 75gms and 
orthopaedic load of 500gm was applied.When trabecular bone. When Orthopaedic load of oblique load of 150gms as shown in Tab 2. 
oblique load of 150gm was applied the 500gm was applied the maximum stress is seen Oblique insertion of micro-implants at sites 
maximum stress is seen on the body of the mini- on the body of the mini-implant of 8.14MPa. 3,4,5,6 & 7 showed more stress as compared to 
implant of 3.23MPa. The deformation due to the More deformation is seen in the bone around the vertical insertion at sites 1 & 2. This could be 
stress is maximum seen around the body of the body of the mini-implant 1mm in the cortical because when the micro- implants is placed at an 
mini-implant 0.5mm from the surface of the bone from the surface of the bone (0.001mm). angle in the cortical bone ,then the magnitude of 
cortical bone (0.0005mm). Least deformation is Least deformation is seen around the tip of the the forces were more therefore the stresses as 
seen around the tip of the mini-implant in the mini-implant in the trabecular bone.  well as the deformation in the surrounding bone 
trabecular bone.When Orthopaedic load of is more. Also the bone density at the various 

Biomechanical influences on bone structure 500gm was applied the maximum stress is seen sites in the maxilla can play crucial role in the 
play an important role in the longevity of bone on the body of the mini-implant of 42.38MPa. stress and deformation at those sites. 
around implants. Bone tissue is known to More deformation is seen around the body of On comparision of stresses at oblique site 
remodel its structure in response to mechanical mini-implant in the cortical bone(0.0073mm).   3(anterior palatal alveolar) site 4(posterior 
stress. Low stress levels around an implant may Least deformation is seen around the tip of the palatal alveolar) site 5(anterior alveolar), site 
result in poor connection with bone or bone mini-implant in the trabecular bone. 6(anterior buccal alveolar)& site 7(posterior 

?Implant loading at Site 4 : Mini-implants atrophy. On the other hand, abnormally high buccal alveolar) most stress is seen at site 5 
is placed at Posterior palatal paramedian site on stress concentrations in the supporting tissues followed by site 3 ,4 ,7 and least stress were seen 
which the oblique load of 150gm , and can result in pressure necrosis and subsequently at site 6 this maybe due to combined factor of 
orthopaedic load of 500gm was applied. When in implant failure. cortical bone thickness and bone density. On 

Most of the clinical reports on orthodontic oblique load of 150gm was applied the comparision of deformation at oblique site 
endosseous implants have been in the form of maximum stress is seen on the body of the mini- 3(anterior palatal alveolar) site 4(posterior 
case reports or focused mainly on technical implant of 3.18MPa. The deformation due to the palatal alveolar) site 5(anterior alveolar), site 

1 0  stress is maximum seen around the body of the description Wehrbein and coworkers 6(anterior buccal alveolar)& site 7(posterior 
mini-implant 0.5mm from the surface of the reinforced orthodontic anchorage with palatal buccal alveolar) most deformation is seen at site 
cortical bone(0.0005mm) whereas least titanium screws (Orthosystem; Straumann, 3 & 4 followed by site 5 and least stress were 
deformation is seen around the tip of the mini- Waldenburg, Switzerland) in 9 patients. All 9 seen at site 6 & 7 this maybe due to combined 
implant in the trabecular bone. When implants remained stable throughout the factor of cortical bone thickness and bone 
Orthopaedic load of 500gm was applied the treatment period, with only a minimal loss of density. 

16maximum stress is seen on the body of the mini- anchorage. Bernhart and associates used short After evaluating the stresses in the micro-
implant of 12.89MPa. More deformation is seen epithetic implants (Nobel Biocare, Go¨ teborg, implant and the bone around the micro implant 
around the body of mini-implant(0.002mm) Sweden) in the paramedian region of the palate it was noted that orthopaedic loading produced 
whereas least deformation is seen around the tip more stress and deformation around the bone for augmentation of orthodontic anchorage, and 

Discussion
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3. Cheng SJ, Tseng IY, Lee JJ, Kok SH. A prospective study compared to orthodontic loading this could be these micro-implants for orthopaedic loading. 
of the risk factors associated with failure of mini-because  of  h igher  force  magni tude The ideal time for orthopaedic protraction of implants used for orthodontic anchorage. Int J Oral 

(500gm)compared to orthodontic loading( 75- maxilla is during the mixed dentition phase. The Maxillofac Implants 2004;19:100-06 
4. Geng JP, Tan KBC, Liu GR. Application of finite 150gm). It was also seen that stress was mini-screw can loosen, even after having been 

element analysis in implant dentistry: A review of highlyconcentrated in the head and neck of the initially fixed, if an adjacent deciduous tooth is 
literature. J Prosthet Dent 2001;85:585-98. micro-implant, the contact point between the exfoliating. There can also be a risk of injuring 5. Gray J.B, Steen M.E, King G J,Clark AE. Studies on the 
efficacy of implants as orthodontic anchorage, Am. J. implant thread and cortical bone, and the the underlying permanent tooth bud. 
Orthod. 83:311-317, 1983 ?In the implant, the most critical area is cortical bone surrounding the implant. The 

6. Rieger MR, Fareed K, Adams WK, Tanquist RA. Bone itsneck, where there is maximum stress stress concentration was greater at the micro- stress distribution for three endosseous implants. J 
concentration, and the marginal bone (cervical implant neck. This was because greater Prosthet Dent1989;61:223-28. 

7. Wehrbein H, Diedrich P. Endosseous titanium implants margin) which surrounds it. Thus, this area resistance is exerted at the micro- implant 
during and after orthodontic load—An experimental should be preserved clinically in order to entrance into the cancellous and cortical bones. 
study in the dog. Clin Oral Implants Res 1993;4:76–82. maintain the bone-implant interface structurally This result is consistent with the study of Van 8. Block MS, Hoffman DR. A new device for absolute 30 and functionally. Staden et al. anchorage for orthodontics. Am J Orthod Dentofacial 
Orthop 1995;107(3):251-58. ?Based on the experience from our study, the The results showed that the stresses 

9. Canay S, Hersek N, Irfan A, Asik Z. Comparison of following suggestions can be made for decreased in the micro-implant and the cortical stress distribution around vertical and angled implants 
optimization of the implant design The neck of & trabecular bone with increase in insertion with finite-element analysis. Quintessence Int 

0 0 1996;27:591-98. the implant must be long enough to project away angulations from 60 to 90 Similar results were 
24 10. Wehrbein H, Merz BR, Diedrich P, Glatzmaier J. The use from the soft tissues, so that any attachments seen in the study by Zhang et al who analyzed of palatal implants for orthodontic anchorage. Design placed on the implants do not impinge the the influence of different tilted angles including and clinical application of the orthosystem. Clin Oral 

0 0 0 0 0 0 0 mucosa. The inflammation of the overlying soft Implants Res 1996;7(4):410 30 , 40 , 50 , 60 , 70 , 80 , and 90 on the 
11. Costa A, Raffaini M, Melsen B. Miniscrews as tissue and/or the marginal bone resorption can biomechanical characteristics of orthodontic orthodontic anchorage: A preliminary report. Int J Adult jeopardize the stability of the implant. The neck anchorage at the implant-bone interface. OrthodOrthognathSurg 1998;13:201–209. 

29 of the implant must be sturdy enough, since the 12. Umemori M, Sugawara J, Mitani H, Nagasaka H, Noble et al found that removal of a 
Kawamura H. Skeletal anchorage system for open bite maximum stress concentration occurs at the temporary anchorage device that had been 
correction. Am J Orthod Dentofacial Orthop neck of the implant. inserted at an angle exerted greater stress on the 1999;115(2):166- 74. If the implant is not strong in this region, it bone than when the mini-screw was placed 13. Wehrbein H, Merz BR, Diedrich P. Palatal bone support 

may affect the integrity of the implant. When for orthodontic implant anchorage—A clinical and perpendicular to the bone. This indicates that 
radiological study. Eur J Orthod 1999;21:65–70.using these mini-implants for orthodontic stress levels decrease as the insertion angle 14. ChenJ, EsterleM, RobertsWE. Mechanical response to 0 0 27 loading, it is advisable to take all the necessary increases from 30 to 90 . Moon et al reported functional loading around the threads of retromolar 

0 precautions to place the implant as much in the endosseous implants utilized for orthodontic anchorage: that mini-screws should be inserted at 70 to 
0 Coordinated histomorphometric and finite element cortical bone as possible. The reason is that the 80 to the long axis of the teeth for better stability analysis. Int J Oral Maxillofac Implants 1999;14:282-stress and strain values in the trabecular bone and success of the micro-implant in the 89. were very low, which would result in atrophy of 15. Byloff FK, Karcher H, Clar E, Stoff F. An implant to posterior buccal region of the maxilla and the 

the surrounding bone (as postulated in Frost's eliminate anchorage loss during molar distalization: A mandible. These 2 studies agree that he micro-
case report involving the Graz implant-supported mechanostat principle). implant should be inserted as perpendicular to pendulum. Int J Adult OrthodonOrthognathSurg  2000;15(2):129-37. the bone possible; this is also evident from the 

The following conclusions can be drawn 16. Bernhart T, Freudenthaler JW, Do¨ rtbudak O, Bantleon results of our study. The thickness of the cortical 
HP, Watzek G. Short epithetic implants for orthodontic from this study: bone is a decisive parameter for the stability of anchor- age in the paramedian region of the palate-A 1. The comparison of the maximum von Mises mini-implants. Our results showed that stress clinical study. Clin Oral Implants Res 2001;12:624–631. stress in the micro-implant showed that, as the 17. Ohmae M, Saito S, Morohashi T. A clinical and was highly absorbed in the cortical bone, and 0 0
histological evaluation of titanium mini-implants as insertion angle increased from 60 to 90 , stress very little stress was transmitted to the 
anchors for ortho- dontic intrusion in the beagle dog. Am decreased. The comparison of the maximum trabecular bone. This agrees with the findings of J Orthod Dentofacial Orthop 2001;119:489–497 26 von Mises stress in the cortical bone showed 18. Freudenthaler JW, Haas R, Bantleon HP. Bicortical Byoun et al. They reported that the maximum 0 that, as the insertion angle increased from 30 to titanium screws for critical orthodontic anchorage in the von Mises stress in cortical bone was more 0 mandible: A preliminary report on clinical application. 90 , stress decreased. The comparison of the significantly related to the contact point of the Clin Oral Implants Res 2001;12:358–363.maximum von Mises stress in the trabecular mini- implant in the cortical bone surface than 19. Janssens F, Swennen G, Dujardin T, Glineur R, Malevez 

bone showed that, as the insertion angle C. Use of an onplant as orthodontic anchorage. Am J the insertion angle to the bone surface and the 0 0
Orthod Dentofacial Orthop 2002;122(5):566-70. increased from 30 to 90 , little stress was maintenance of the mini-implant is more 

19. Favero L, Brollo P, Bressan E. Orthodontic anchorage transmitted to the trabecular bone. Micro-closely related with its diameter and contact with specific fixtures: Related study analysis. Am J implants should be placed as perpendicular to OrthodDento- facial Orthop 2002;122:84–94 point into the cortical bone surface than the 
20. Maino BG, Bednar J, Pagin P, Paola M. The spider screw the bone as possible for better stability. insertion angle. The finding of significantly 

for skeletal anchorage. J ClinOrthod 2003;37(2):90-97. However as we want more cortical placement of more stress on bone with micro-implant 21. Gedrange T, Bourauel C, Kobel C, Harzer W. Three-0 0 micro-implants for better anchorage, the micro- insertion at 60 than at 90 supports this dimensional analysis of endosseous palatal implants and 
implants are inserted at an angle. bones after vertical, horizontal, and diagonal force hypothesis. Clinically increased stress might 

application. Eur J Orthod 2003;25:109-15. 2. All the FE models showed the area with the draw more cytokines, macrophages, and 
22. Melsen B, Verna C. Miniscrew implants: The Aarhus highest stress and strain to be around the neck of inflammatory mediators to the site, possibly anchorage system. SeminOrthod 2005;11:24-31. the micro-implant and the cortical bone and 23. Zhang Y, Zhang D, Feng CJ. A three-dimensional finite resulting in a higher risk of micro-implant 

element analysis for the biomechanical characteristics of least were seen at the tip of the micro-implants failure through loss of primary stability. Most 
orthodontic anchor- age micro-implant. Shanghai Kou around the trabecular bone. This finding is dental implant failures have been attributed to Qiang Yi Xue 2005;14:281-3. clinically important in order to preserve the biomechanical stresses and strains at the bone- 24. Jill Peterson, Qian Wang, And Paul C. Dechow. Material 

bone-implant interface. Properties of theDentate Maxilla. The Anatomical implant inter- face, resulting in peri-implant 
Record Part A 288A : 962 – 972 (2006). 3. Evaluation of the FE model showed on inflammation that can lead to bone loss. 

25. Byoun NY, Nam EH, Yoon YA, Kim IK. Three-application of orthopaedic load more stress and From the results of the present study, dimensional finite element analysis for stress deformation were seen as compared to distribution on the diameter of orthodontic mini-following clinical implications could be 
implants and insertion angle to the bone surface. Korean orthodontic load. derived: 
J Orthod 2006;36:178-87. 4. Evaluation of the FE model showed more ?The micro-implants would efficiently resist 26. Moon CH, Lee DG, Lee HS, Im JS, Baek SH. Factors stress and deformation on application oblique oblique loading, simulating anterior intrusion associated with the success rate of orthodontic 

load as compared to the vertical load. miniscrews placed in the upper and lower posterior and retraction. The loads of 150 gm produced 
buccal region. Angle Orthod 2008;78:101-6. 5. To obtain an optimal biomechanical strain in the optimal range of bone maintenance. 

27. Chen Y, Kyung HM, Zhao WT, Yu WJ. Critical factors response, the implant should preferably be These devices would serve as a reliable means for the success of orthodontic mini-implants: A placed entirely in the cortical bone (however, systematic review. Am J Orthod 2009;135;284-91. of 'absolute anchorage' as per the initial stress 
this may not always be feasible clinically). The 28. Noble J, Karaiskos NE, Hassard TH, Hechter FJ, pattern. 

Wiltshire WA. Stress on bone from placement and neck of the implant should be sturdy enough, ?The use of these micro-implants for the removal of orthodontic miniscrews at different and the head of the implant should not produce purpose of orthopaedic loading is questionable, angulations. J ClinOrthod 2009;43: 332-4. 
any kind of irritation to the overlying mucosa.  29. Van Staden R, Guan H, Loo YC, Johnson N, Meredith N. since the stress values experienced by the 

Finite element simulation of dental implantation implant are quite high. Even though the strain 
process. Accessed on September 29, 2011. 1. Roberts WE, Helm FR, Marshall KJ, Gongloff RK. values experienced by the bone were in the 30. Vijayalakshmi PS, Veereshi AS, Jayade VP, Dinesh MR, Rigid endosseous implants for orthodontic and 

range of optimal maintenance, the site of Kumar M. Finite ElementAnalysis of Stress and Strain orthopedicanchorage.AngleOrthod 1989;59(4):247-56 
distribution in the Bone around the Implants used for 2. Gainesforth BL, Higley LB. A study of orthodontic placement of the micro-implants and the timing 
O r t h o d o n t i c  A n c h o r a g e .  J  I n d O r t h o d S o c  anchorage possibilities in basal bone. Am J Orthod Oral become crucial factors in deciding the usage of 2012;46(4):175-182. Surg 1945;31: 406-17 
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