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Abstract

Aim: This review aimed to determine the operator-related variables that may influence the clinical performance and failure rate of
orthodontic mini-implants (OMIs) used as anchorage devices.

Materials and Methods: A search was performed through electronic databases; PubMed, EMBASE searched via ScienceDirect
and Cochrane Library. Reference lists were limited to English papers ranging from 2012 to 2018. Eligibility criteria were defined
by considering the (PICOS) question patients who received OMIs for orthodontic anchorage. Inclusion and exclusion criteria were
performed independently by two authors.

Results: A lot of factors have been proven to affect the success rate of the OMIs, whereas root-proximity and secondary insertion of
the mini-implant revealed to be the most significant factors for OMIs failure.

Conclusions and Recommendations: The OMIs should be placed as far as possible from the root, and secondary insertions of failed
primary implants should also be avoided.
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Introduction

To achieve the best successful results in orthodontic treatment, anchorage control should be thoroughly managed. The most recent
way to gaining this goal is by using mini-implants which have been accepted all over the world [1-5].

Mini-implants are the smallest temporary anchorage devices (TAD) that can be used in different sites of the oral cavity, and in
areas that are not reachable by any other types of orthodontic anchorage appliances [6,7]. Such devices are also accepted by most
of the patients [8,9].

A lot of research has been conducted to test the success rate of orthodontic mini-implants (OMIs), showing an average success
rate of approximately 84% [10,11]. Further research (meta-analysis) reported an overall failure rate of 13.5% for orthodontic mini-
implants [12].

The failure rate of orthodontic mini-implants proved to be affected by lots of variables which including: Patient-related factors
comprising: oral hygiene measures, smoking, cortical bone thickness, as well as age of the patient [13-16].

Operator-related factors (technical factors) comprising : root proximity, insertion torque, insertion angle, besides amount of

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 2



Journal of Dentistry and Oral Care Medicine

orthodontic load [OMIs are stable within forces of 50 g (0.5 N) to 450 g (4.5 N)], direction of load, time of loading (Immediate vs
delayed), primary or secondary (re) insertion as well as placement site [12,13,16-22,26-34].

Mini-implant - related factors comprising: screw-diameter, screw length, implant material and insertion method [13,15,35-40]. In
general, a success rate of OMIs greater than 80% should encourage the operator to use it. Scanning of the latest systematic literature
reviews and meta-analyses, the technical operator-related factors revealed to have the main impact on OMIs success [10,12,41,42].

This review will try to extend and focus on the parameters related to operator related variables, that could influence the failure rate
of orthodontic mini-implants (OMIs).

Materials and Methods

Eligibility (Inclusion and Exclusion) Criteria
The selection criteria for this review were defined by considering the PICOS question as following:

1- Population (P): Patients of both sexes, without restriction on age, ethnic, or socioeconomic groups were included. Their
orthodontic treatment with fixed appliances required skeletal anchorage.
2- Intervention (I): Intervention comprised the placement of orthodontic MIs for skeletal anchorage.
3- Comparison (C): OMIs insertion angle, amount of orthodontic load,direction of load and placement site were compared.
4- Outcome (O): Mini-implant fracture, patient pain or discomfort and loss of mini-implant stability considered as failure. These
outcomes are evaluated twice, primary and secondary: -

o Primary outcome: evaluating all described signs before OMIs functions finishing. Measured immediately after implant

insertion.
« Secondary outcome: evaluating all described signs after OMIs functions finishing Measured after the healing phase.

5- Study design (S): (Table 1).
Search strategy for identification of studies

Databases: With filtering of the last 5 years researches, only English papers were selected, because studies of languages other than English (LOE)
mainly tend to be of lower quality than studies written in English. Moreover, few of these studies could have the criteria for inclusion into the
review, but are still not representative of all the LOE studies [43,44]. Hence, the studies were limited to English language only.

Our search was started at 2018-1-14. The Electronic databases and search strategies are shown in Appendix 1.

Included articles: Excluded articles:
a. Randomized Controlled trails (RCTs). a. Single case reports
b. Non-randomized clinical studies. b. Literature review.
c. Prospective and retrospective. c. Systematic reviews or meta-analysis

Table 1: Study design followed in this study

—
= Potentially relevant citations found 3 Papers from search activation
] through electronic search: 354 ;191
8 (P).154 (S) and 9 (C)
=
]
o=
T
= 32 Duplicated papers ‘
—
[
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g
a 323 Papers for thorough ‘ 269 Title and Abstract Exclusion
screening

l

56 Full articles read 39 Articles excluded ‘

Eligibility } [

1
16 papers included
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Figure 1: PRISMA Flow Diagram
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All papers were collected in Reference manager (EndNote X7), and managed as following:

All titles and summaries of collected publications were reviewed in order to exclude inadequate articles. Full versions of remaining,
possibly appropriate articles were reviewed. Full texts of articles, which eligibility could not be evaluated by reviewing their
summaries, were read in order to avoid incorrect exclusions. The process of articles’ selection is presented in the PRISMA flow
diagram (Figure 1).

Data extraction and management

Two authors independently extracted study characteristics and outcomes from the included studies. Miniscrew implant failure
counts were extracted as a binary outcome and converted to failure event rates. The primary outcome was the overall miniscrew
implant failure rate, and associated factors were the secondary outcomes. Risk factors were assessed by comparing two or more
event rates provided by a study.

Assessment of risk of bias of the studies

Two authors assessed independently the risk of bias of the included studies using the Cochrane Collaboration’s tool for assessing
risk of bias by means of RevMan (version 5.2) as guided by the Cochrane Handbook for Systematic Reviews of Interventions
[45]. The following domains were considered: (1) adequate sequence generation, (2) allocation concealment, (3) blinding of
participants and personnel, (4) incomplete outcome data, (5) selective outcome reporting, and (6) other sources of bias. For all
included studies, the risk of bias for each domain was judged as low risk, high risk, or unclear risk. Each randomized controlled
trial was assigned an overall risk of bias in terms of low risk (low for all key domains), high risk (high for >1 key domain), and
unclear risk (unclear for 21 key domain).

Results

357 articles were collected after primary electronic database search. The search results are shown in the PRISMA flow diagram.
32 duplicated items were found, and the remaining 323 articles analyzed their titles and abstracts in detail. The articles which had
not confirmed the inclusion requirements were rejected and 56 articles full texts were downloaded and read. After applying the
inclusion and exclusion criteria, 16 articles were kept, complete list of included studies shown at Table 2. The excluded 39 papers
after full text screening were mentioned in Appendix 2.

Discussion

o All included studies were evaluated for the quality based on modified Feldmann and Bondmark suggested method under five
criteria: 1) sample size, 2) research method, 3) research object description, 4) research technique and 5) study design. After
qualitatively evaluating all articles, they were divided into two categories: of high (8-10 points) (3-9,11, 34-36) and medium (6-7
points) (10, 12) quality (Table 3) [46].

» 4418 OMIs of 12 different manufacturers (Chopra et al. 2015) and 4 different types of materials (Titanium, titanium alloy,
Titanium-vanadium alloy and stainless steel) which had been threaded in 1709 patients’ upper and lower jaws at different areas,
were analyzed.

« The samples of analyzed OMIs were not less than 28 OMIs (Albogha et al. 2016) and not exceeding 1375 OMIs (Melo et al. 2016).
The number of 10-570 patients were included in the search. The analyzed OMIs were used for anchorage of the dentition for at
least 3.5 months. The success rate of MI was assessed in the analyzed articles.

» Diameter of OMIs ranged from 1.2-2.3 mm and their length ranged from 6-12 mm (Table 2).

o The technical operator-related factors affecting the success rate of OMIs included; selected placement site (including root
proximity), insertion torque, insertion angle, amount of orthodontic load, direction of load, time of loading (Immediate vs
delayed) and primary or secondary (re) insertion. The included studies focused on: insertion site (including root proximity),
insertion angle (most of included studies focused on vertical angle), amount, direction, as well as onset of loading.

o Uesugi et al. 2017 described the effect of secondary insertion of OMIs on the success rate of OMIs, being about 44.2% for all
re-inserted types.

o OMIs were inserted in different areas, but most of the studies placed them between the 2nd premolar and 1st molar (especially
in the Maxilla). These inserts were used for different purposes but most of authors used it for retraction of the anterior segment.
« The applied load used in all included studies, and it ranged from 50-300 gm, while a few papers did not even describe the amount
of load applied (Table 2).

« The OMI stability/success/failure affecting factors were analyzed in all articles, however, authors had given different definitions of
a “successful” MI (Table 2). A successful MI is that implant which performs its’ function as a skeletal anchorage device for a certain
period of time (6-12 months), or during the entire orthodontic treatment period without any notable mobility, surrounding soft
tissue inflammation or any other pathologies.

 Root proximity has been found to be the most significant factor for OMIs failure, and therefore at least Imm clearance should
exist between root and OMIs. Janson et al. 2013 declared that: OMIs root proximity didn’t influence the success rate as long as
there was no periodontal ligament invasion. Albogha et al. 2016 stated that if OMIs is slightly apically inclined, reducing the
vertical angulation, the OMI will be away from the roots. He also declared that with a small interradicular width, the OMI
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should be placed closer to the root opposing the force direction that will be applied later. Garg et al. 2015 supported the evidence
of Albogha et al. 2016 by proving that the OMIs do not remain absolutely stationary like the end-osseous implant throughout
orthodontic loading. Therefore, it is mandatory that in case of small interradicular, the OMI should be placed closer to the root
opposite to the future force direction.

o Almost all studies found that the onset of OMIs loading, either immediate or delayed, affects the success rate of OMIs
insignificantly, or even having no effect at all. In 2015, Jeong et al. recommended the delay of load application, as he found that the
immediate loading increased the risk of failure.

o OMIs vertical angulation was measured by different ways in different articles, but not all articles measured the angulation of
the mini-implant (Table 2). Some authors measured the angulation of mini-implants to root and others measured it from mini-
implant surface to alveolar bone and finally, others measured it to the occlusal plane. The mini-implant angulation ranged from
40-90° with an exception of Jing et al. 2016, who started his measurement from 10°-90°. In 2013, Jung et al., and Park et al.
2018 declared that cortical bone thickness increased with decreased vertical placement angle, and the success rate increased as
the cortical bone thickness increased. Although this association was not statistically significant. All authors consider the OMIs
angulation change not a statistically significant.

« The success rate of OMIs used during orthodontic treatment in all included studies ranged from 79.2% to 97%, though the
success rate was not presented in some articles.

« The authors in several included studies described many operator-related factors affecting success rate of OMIs. However, the
statistically significant factors that affect OMIs success rate were: root proximity as well as secondary insertion of pre-failed OMI.
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Abbreviations: N= Newton, mth = Months, f=.....
Table 2: Included studies and comparison factors

Analyzed criteria Description Evaluation
0-10 - 0 points;
Sample size The quantity of analyzed MI 11-20 - 1 point;
=21 - 2 points
None - 0 points;
Research Research method used for MI Radiological 2D - 1 point;
Method insertion site analysis Radiological 3D, histological
analysis or scanning electron
microscopy - 2 points
Research .
object The quantity of researched 0-5-0 po1r‘1ts,
description individuals 6-10 -1 poin;
=11 - 2 points
Research C11n1.c e f:xammatlo.n oL u.se Clinical examination - 1 point;
. of objective measuring device . "
technique . . The use of objective measuring
(Periotest, torque screwdriver, . .
. . device - 2 points
orthodontic tension gauge)
Study .
. Controlled, uncontrolled Uncontrolled study - 1 point;
Design .
study controlled study - 2 points

Table 3: The quality assessment of the included studies
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Conclusion

o Many operator-related factors can affect the success rate of orthodontic mini-implants OMIS, and it should be taken into
consideration before placement of the implant.
o The operator should give extra welling to the root proximity and should prevent any secondary insertion of pre-failed OMIs.

Recommendations

« Place the OMIs as far away as possible from the root, and if the space between roots are thin, make the OMI away from the root
of force application.
» Avoid secondary insertions of pre-failed OMI.

References

1. Umemori M, Sugawara J, Mitani H, Nagasaka H, Kawamura H (1999) Skeletal anchorage system for open-bite correction. Am J Orthod Dentofac Orthop 115:
166-74.

2. Sakai Y, Kuroda S, Murshid SA, Takano-Yamamoto T (2008) Skeletal Class 11l Severe Openbite Treatment Using Implant Anchorage. Angle Orthod 78: 157-66.
3. Kyung HM, Park HS, Bae SM, Sung JH, Kim IB (2003) Development of orthodontic micro-implants for intraoral anchorage. J Clin Orthod 37: 321-8.
4. Kanomi R (1997) Mini-implant for orthodontic anchorage. J Clin Orthod JCO 31: 763-7.

5. Fukunaga T, Kuroda S, Kurosaka H, Takano-Yamamoto T (2006) Skeletal anchorage for orthodontic correction of maxillary protrusion with adult periodontitis.
Angle Orthod 76: 148-55.

6. McGuire MK, Scheyer ET, Gallerano RL (2006) Temporary Anchorage Devices for Tooth Movement: A Review and Case Reports. ] Periodontol 77: 1613-24.
7. Baumgaertel S (2014) Temporary skeletal anchorage devices: the case for miniscrews. Am J Orthod Dentofacial Orthop 145: 558-64.
8. Zawawi K (2014) Acceptance of orthodontic miniscrews as temporary anchorage devices. Patient Prefer Adherence 8: 933-7.

9. Meursinge Reynders R, Ronchi L, Ladu L, Di Girolamo N, de Lange J, et al. (2016) Barriers and facilitators to the implementation of orthodontic mini-implants
in clinical practice: a protocol for a systematic review and meta-analysis. Syst Rev 5: 22.

10. Schitzle M, Méannchen R, Zwahlen M, Lang NP (2009) Survival and failure rates of orthodontic temporary anchorage devices: a systematic review: Survival
and failure rates of orthodontic temporary anchorage devices. Clin Oral Implants Res 20: 1351-9.

11. Crismani AG, Bertl MH, Celar AG, Bantleon H-P, Burstone CJ (2010) Miniscrews in orthodontic treatment: Review and analysis of published clinical trials.
Am ] Orthod Dentofacial Orthop 137: 108-13.

12. Papageorgiou SN, Zogakis IP, Papadopoulos MA (2012) Failure rates and associated risk factors of orthodontic miniscrew implants: a meta-analysis. Am ]
Orthod Dentofacial Orthop 142: 577-95.

13. Park HS, Jeong SH, Kwon OW (2006) Factors affecting the clinical success of screw implants used as orthodontic anchorage. Am J Orthod Dentofacial Orthop
130: 18-25.

14. Ozdemir F, Tozlu M, Germec-Cakan D (2013) Cortical bone thickness of the alveolar process measured with cone-beam computed tomography in patients
with different facial types. Am ] Orthod Dentofacial Orthop 143: 190-6.

15. Shah AH, Behrents RG, Kim KB, Kyung H-M, Buschang PH (2012) Effects of screw and host factors on insertion torque and pullout strength. Angle Orthod
82:603-10.

16. Moon CH, Lee DG, Lee HS, Im JS, Baek SH (2008) Factors Associated with the Success Rate of Orthodontic Miniscrews Placed in the Upper and Lower
Posterior Buccal Region. Angle Orthod 78: 101-6.

17. Kang YG, Kim JY, Lee Y], Chung KR, Park YG (2009) Stability of Mini-Screws Invading the Dental Roots and Their Impact on the Paradental Tissues in
Beagles. Angle Orthod 79: 248-55.

18. Asscherickx K, Vannet BV, Wehrbein H, Sabzevar MM (2008) Success rate of miniscrews relative to their position to adjacent roots. Eur ] Orthod 30: 330-5.

19. Kuroda S, Yamada K, Deguchi T, Hashimoto T, Kyung HM, Yamamoto T'T (2007) Root proximity is a major factor for screw failure in orthodontic anchorage.
Am ] Orthod Dentofacial Orthop 131: S68-73.

20. Saeed K, Nadim M, Morcos S, Kyung H-M, El-Kady A (2017) In vitro assessment of maximum insertion and removal torque with three different miniscrews
on artificial maxilla and mandible. ] World Fed Orthod 6: 115-9.

21. Motoyoshi M, Hirabayashi M, Uemura M, Shimizu N (2006) Recommended placement torque when tightening an orthodontic mini-implant: Placement
torque when tightening an orthodontic mini-implant. Clin Oral Implants Res 17: 109-14.

22. Wilmes B, Su YY, Drescher D (2008) Insertion Angle Impact on Primary Stability of Orthodontic Mini-Implants. Angle Orthod 78: 1065-70.

23. Pickard MB, Dechow P, Rossouw PE, Buschang PH (2010) Effects of miniscrew orientation on implant stability and resistance to failure. Am J Orthod
Dentofacial Orthop 137: 91-9.

24.Wang Z, Zhao Z, Xue ], Song J, Deng F, Yang P (2010) Pullout strength of miniscrews placed in anterior mandibles of adult and adolescent dogs: A microcomputed
tomographic analysis. Am J Orthod Dentofacial Orthop 137: 100-7.

25. Liou EJW, Chang PMH (2010) Apical root resorption in orthodontic patients with en-masse maxillary anterior retraction and intrusion with miniscrews. Am
J Orthod Dentofacial Orthop 137: 207-12.

26. Lin TS, Tsai FD, Chen CY, Lin LW (2013) Factorial analysis of variables affecting bone stress adjacent to the orthodontic anchorage mini-implant with finite
element analysis. Am ] Orthod Dentofacial Orthop 143: 182-9.

27. Holberg C, Winterhalder P, Holberg N, Rudzki-Janson I, Wichelhaus A (2013) Direct versus indirect loading of orthodontic miniscrew implants-an FEM
analysis. Clin Oral Investig 17: 1821-7.

28. Antoszewska J, Papadopoulos MA, Park HS, Ludwig B (2009) Editor’s Summary and Q&A. Am ] Orthod Dentofacial Orthop 136: 158-9.

29. Jeong JW, Kim JW, Lee NK, Kim YK, Lee JH, Kim TW (2015) Analysis of time to failure of orthodontic mini-implants after insertion or loading. ] Korean
Assoc Oral Maxillofac Surg 41: 240-5.

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 2


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4085291/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4743120/
https://www.ncbi.nlm.nih.gov/pubmed/19793320
https://www.ncbi.nlm.nih.gov/pubmed/20122438
https://www.ncbi.nlm.nih.gov/pubmed/23116500
https://www.ncbi.nlm.nih.gov/pubmed/16849067
https://www.ncbi.nlm.nih.gov/pubmed/23374925
https://www.ncbi.nlm.nih.gov/pubmed/22149542
https://www.ncbi.nlm.nih.gov/pubmed/18193973
https://www.ncbi.nlm.nih.gov/pubmed/19216612
https://academic.oup.com/ejo/article/30/4/330/392581
https://www.ncbi.nlm.nih.gov/pubmed/17448389
https://www.sciencedirect.com/science/article/pii/S2212443817300498
https://www.ncbi.nlm.nih.gov/pubmed/16441792
https://www.ncbi.nlm.nih.gov/pubmed/18947280
https://www.ncbi.nlm.nih.gov/pubmed/20122436
https://www.ncbi.nlm.nih.gov/pubmed/20122437
https://www.ncbi.nlm.nih.gov/pubmed/20152676
https://www.ncbi.nlm.nih.gov/pubmed/23374924
https://www.ncbi.nlm.nih.gov/pubmed/23111639
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4641214/
https://www.ncbi.nlm.nih.gov/pubmed/9971928
https://www.ncbi.nlm.nih.gov/pubmed/18193965
https://www.ncbi.nlm.nih.gov/pubmed/12866214
https://www.ncbi.nlm.nih.gov/pubmed/9511584
https://www.ncbi.nlm.nih.gov/pubmed/16448285
https://www.ncbi.nlm.nih.gov/pubmed/17032102
https://www.ncbi.nlm.nih.gov/pubmed/24785918

9 Journal of Dentistry and Oral Care Medicine

30. Chopra SS, Chakranarayan A (2015) Clinical evaluation of immediate loading of titanium orthodontic implants. Med J Armed Forces India 71: 165-70.

31. khan BI (2016) Comparison of Anchorage Pattern under Two Types of Orthodontic Mini- Implant Loading During Retraction in Type A Anchorage Cases. |
Clin Diagn Res 10: ZC98-102.

32. Uesugi S, Kokai S, Kanno Z, Ono T (2017) Prognosis of primary and secondary insertions of orthodontic miniscrews: What we have learned from 500 implants.
Am ] Orthod Dentofacial Orthop 152: 224-31.

33. Wu TY, Kuang SH, Wu CH (2009) Factors Associated With the Stability of Mini-Implants for Orthodontic Anchorage: A Study of 414 Samples in Taiwan. J
Oral Maxillofac Surg 67: 1595-9.

34. Kuroda S, Sugawara Y, Deguchi T, Kyung HM, Takano-Yamamoto T (2007) Clinical use of miniscrew implants as orthodontic anchorage: Success rates and
postoperative discomfort. Am J Orthod Dentofacial Orthop 131: 9-15.

35. Chen Y, Kyung HM, Gao L, Yu W], Bae EJ, Kim SM (2010) Mechanical properties of self-drilling orthodontic micro-implants with different diameters. Angle
Orthod 80: 821-7.

36. Lee NK, Baek SH (2010) Effects of the diameter and shape of orthodontic mini-implants on microdamage to the cortical bone. Am J Orthod Dentofacial
Orthop 138: e1-8.

37. Chen Y, Kyung HM, Zhao WT, Yu W] (2009) Critical factors for the success of orthodontic mini-implants: A systematic review. Am ] Orthod Dentofacial
Orthop 135: 284-91.

38. Gottlow ], Dard M, Kjellson E, Obrecht M, Sennerby L (2012) Evaluation of a New Titanium-Zirconium Dental Implant: A Biomechanical and Histological
Comparative Study in the Mini Pig: Bone integration of TiZr1317 implants. Clin Implant Dent Relat Res 14: 538-45.

39. Subramani K, Pandruvada SN, Puleo DA, Hartsfield JK, Huja SS (2016) In vitro evaluation of osteoblast responses to carbon nanotube-coated titanium
surfaces. Prog Orthod 17: 23.

40. Gehreli S, Arman-Ozgirpici A (2012) Primary stability and histomorphometric bone-implant contact of self-drilling and self-tapping orthodontic microimplants.
Am ] Orthod Dentofacial Orthop 141: 187-95.

41. Rodriguez JC, Suarez F, Chan HL, Padial-Molina M, Wang HL (2014) Implants for Orthodontic Anchorage: Success Rates and Reasons of Failures. Implant
Dent 23: 155-61.

42. Reynders R, Ronchi L, Bipat S (2009) Mini-implants in orthodontics: A systematic review of the literature. Am J Orthod Dentofacial Orthop 135: e1564-19.

43. Juni P, Holenstein F, Sterne J, Bartlett C, Egger M (2002) Direction and impact of language bias in meta-analyses of controlled trials: empirical study. Int J
Epidemiol 31: 115-23.

44. Morrison A, Polisena J, Husereau D, Moulton K, Clark M, et al. (2012) The Effect of English-Language Restriction On Systematic Review-Based Meta- Analyses:
A Systematic Review of Empirical Studies. Int ] Technol Assess Health Care 28: 138-44.

45. Higgins JPT, Green S (2011) Cochrane handbook for systematic reviews of interventions Version 5.1.0 [updated March 2011] [Internet]. The Cochrane
Collaboration; 2011. Available from: www.cochrane-handbook.org.

46. Feldmann I, Bondemark L (2006) Orthodontic anchorage: a systematic review. Angle Orthod 76: 493-501.

47. Albogha MH, Kitahara T, Todo M, Hyakutake H, Takahashi I (2016) Predisposing Factors for Orthodontic Mini-Implant Failure Defined by Bone Strains in
Patient-Specific Finite Element Models. Ann Biomed Eng 44: 2948-56.

48. Garg K, Gupta M (2015) Assessment of stability of orthodontic mini-implants under orthodontic loading: A computed tomography study. Indian J Dent Res
26:237-43.

49. Giuliano Maino B, Pagin P, Di Blasio A (2012) Success of miniscrews used as anchorage for orthodontic treatment: analysis of different factors. Prog Orthod
13:202-9.

50. Hourfar J, Bister D, Kanavakis G, Lisson JA, Ludwig B (2017) Influence of interradicular and palatal placement of orthodontic mini-implants on the success
(survival) rate. Head Face Med 13:14.

51. Janson G, Gigliotti MP, Estelita S, Chiqueto K (2013) Influence of miniscrew dental root proximity on its degree of late stability. Int ] Oral Maxillofac Surg 42:
527-34.

52. Jing Z, Wu Y, Jiang W, Zhao L, Jing D, et al. (2016) Factors Affecting the Clinical Success Rate of Miniscrew Implants for Orthodontic Treatment. Int J Oral
Maxillofac Implants 31: 835-41.

53. Jung YR, Kim SC, Kang KH, Cho JH, Lee EH, et al. (2013) Placement angle effects on the success rate of orthodontic microimplants and other factors with
cone-beam computed tomography. Am J Orthod Dentofacial Orthop 143: 173-81.

54. Melo AC, Andrighetto AR, Hirt SD, Bongiolo ALM, Silva SU, Silva MAD da (2016) Risk factors associated with the failure of miniscrews - A ten-year cross
sectional study. Braz Oral 30: e124.

55. Park JH, Chae JM, Bay RC, Kim M-]J, Lee KY, et al. (2018) Evaluation of factors influencing the success rate of orthodontic microimplants using panoramic
radiographs. Korean J Orthod 48: 30-8.

56. Shinohara A, Motoyoshi M, Uchida Y, Shimizu N (2013) Root proximity and inclination of orthodontic mini-implants after placement: Cone-beam computed
tomography evaluation. Am J Orthod Dentofacial Orthop 144: 50-6.

57. Tsai CC, Chang HP, Pan CY, Chou ST, Tseng YC (2016) A prospective study of factors associated with orthodontic mini-implant survival. ] Oral Sci 58: 515-21.
58. Uribe E Mehr R, Mathur A, Janakiraman N, Allareddy V (2015) Failure rates of mini-implants placed in the infrazygomatic region. Prog Orthod 16: 31.

59.Yi Lin S, Mimi Y, Ming Tak C, Kelvin Weng Chiong F, Hung Chew W (2015) A Study of Success Rate of Miniscrew Implants as Temporary Anchorage Devices
in Singapore. Int ] Dent 2015: 1-10.

60. Kim JW, Lee NK, Sim HY, Yun PY, Lee JH (2016) Failure of Orthodontic Mini-implants by Patient Age, Sex, and Arch; Number of Primary Insertions; and
Frequency of Reinsertions After Failure: An Analysis of the Implant Failure Rate and Patient Failure Rate. Int ] Periodontics Restorative Dent 36: 559-65.

61. Brosh T, Rozitsky D, Geron S, Pilo R (2014) Tensile Mechanical Properties of Swine Cortical Mandibular Bone. PLoS ONE 9: e113229.

62. Cassetta M, Sofan A, Altieri F, Barbato E (2013) Evaluation of alveolar cortical bone thickness and density for orthodontic mini-implant placement. J Clin Exp
Dent 5: €245-52.

63. Chaves Gomez A, Grageda Nuiez E, Uribe Querol E (2015) «Safe» areas with more bone quantity for inter-radicular mini-implant placement in the buccal
cortical of the upper maxilla in periodontally compromised patients. Rev Mex Ortod 3: e148-53.

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 2


https://www.ncbi.nlm.nih.gov/pubmed/24614877
https://www.ncbi.nlm.nih.gov/pubmed/19409331
https://www.ncbi.nlm.nih.gov/pubmed/11914306
https://www.ncbi.nlm.nih.gov/pubmed/22559755
https://www.ncbi.nlm.nih.gov/pubmed/16637733
https://www.ncbi.nlm.nih.gov/pubmed/26983844
https://www.ncbi.nlm.nih.gov/pubmed/26275187
https://www.ncbi.nlm.nih.gov/pubmed/23260530
https://www.ncbi.nlm.nih.gov/pubmed/28615027
https://www.ncbi.nlm.nih.gov/pubmed/23062958
https://www.ncbi.nlm.nih.gov/pubmed/27447150
https://www.ncbi.nlm.nih.gov/pubmed/23374923
https://www.ncbi.nlm.nih.gov/pubmed/27783770
https://www.ncbi.nlm.nih.gov/pubmed/29291186
https://www.ncbi.nlm.nih.gov/pubmed/23810045
https://www.ncbi.nlm.nih.gov/pubmed/28025435
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571029/
https://www.ncbi.nlm.nih.gov/pubmed/27333014
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4251974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3892271/
https://www.sciencedirect.com/science/article/pii/S2395921516000416
https://www.ncbi.nlm.nih.gov/pubmed/28760284
https://www.ncbi.nlm.nih.gov/pubmed/19615569
https://www.ncbi.nlm.nih.gov/pubmed/17208101
https://www.ncbi.nlm.nih.gov/pubmed/20578851
https://www.ncbi.nlm.nih.gov/pubmed/20620822
https://www.ncbi.nlm.nih.gov/pubmed/19268825
https://www.ncbi.nlm.nih.gov/pubmed/20586785
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4961657/
https://www.ncbi.nlm.nih.gov/pubmed/22284286
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4388964/
https://www.ncbi.nlm.nih.gov/pubmed/27891469

Journal of Dentistry and Oral Care Medicine 10

64. Cho IS, Kim TW, Ahn §J, Yang TH, Baek SH (2013) Effects of insertion angle and implant thread type on the fracture properties of orthodontic mini-implants
during insertion. Angle Orthod 83: 698-704.

65. de Rezende Barbosa GL, Ramirez-Sotelo LR, Tavora DM, Almeida SM (2014) Comparison of median and paramedian regions for planning palatal mini-
implants: a study in vivo using cone beam computed tomography. Int ] Oral Maxillofac Surg 43: 1265-8.

66. Holberg C, Winterhalder P, Holberg N, Rudzki-Janson I, Wichelhaus A (2013) Direct versus indirect loading of orthodontic miniscrew implants-an FEM
analysis. Clin Oral Investig 17: 1821-7.

67. Hourfar J, Bister D, Lux CJ, Al-Tamimi B, Ludwig B (2017) Anatomic landmarks and availability of bone for placement of orthodontic mini-implants for
normal and short maxillary body lengths. Am J Orthod Dentofacial Orthop 151: 878-86.

68. Hourfar J, Kanavakis G, Bister D, Schitzle M, Awad L, Nienkemper M, et al. (2015) Three dimensional anatomical exploration of the anterior hard palate at the
level of the third ruga for the placement of mini-implants—a cone-beam CT study. Eur ] Orthod 37: 589-95.

69. Hourfar J, Ludwig B, Bister D, Braun A, Kanavakis G (2015) The most distal palatal ruga for placement of orthodontic mini-implants. Eur ] Orthod 37: 373-8.
70. Kuroda S, Tanaka E (2014) Risks and complications of miniscrew anchorage in clinical orthodontics. Jpn Dent Sci Rev 50: 79-85.

71. Nucera R, Lo Giudice A, Bellocchio AM, Spinuzza P, Caprioglio A, et al. (2017) Bone and cortical bone thickness of mandibular buccal shelf for mini-screw
insertion in adults. Angle Orthod 87: 745-51.

72. Ohiomoba H, Sonis A, Yansane A, Friedland B (2017) Quantitative evaluation of maxillary alveolar cortical bone thickness and density using computed
tomography imaging. Am J Orthod Dentofacial Orthop 151: 82-91.

73. Pan CY, Chou ST, Tseng YC, Yang YH, Wu CY, et al. (2012) Influence of different implant materials on the primary stability of orthodontic mini-implants.
Kaohsiung ] Med Sci 28: 673-8.

74. Hosein YK, Dixon SJ, Rizkalla AS, Tassi A (2017) A Comparison of the Mechanical Measures Used for Assessing Orthodontic Mini-Implant Stability: Implant
Dent 26: 225-31.

75. Hosein Y, Smith A, Dunning C, Tassi A (2016) Insertion Torques of Self-Drilling Mini-Implants in Simulated Mandibular Bone: Assessment of Potential for
Implant Fracture. Int ] Oral Maxillofac Implants 2016: e57-64.

76. Iniestra Iturbe O, Grageda Nufiez E, Alvarez Gayosso C, Guerrero Ibarra J (2014) Resistance to traction forces in mini-implants used in Ortohodontics
depending on the insertion angle. Rev Mex Ortod 2: e183-7.

77. Kakali L, Alharbi M, Pandis N, Gkantidis N, Kloukos D (2018) Success of palatal implants or mini-screws placed median or paramedian for the reinforcement
of anchorage during orthodontic treatment: a systematic review. Eur J Orthod 2018: doi: 10.1093/ejo/cjy015.

78. Quraishi E, Sherriff M, Bister D (2014) Peak insertion torque values of five mini-implant systems under different insertion loads. ] Orthod 41: 102-9.
79. Raji SH, Noorollahian S, Niknam SM (2014) The effect of insertion angle on orthodontic mini-screw torque. Dent Res ] Isfahan 11: 448-51.

80. Saeed K, Nadim M, Morcos S, Kyung H-M, El-Kady A (2017) In vitro assessment of maximum insertion and removal torque with three different miniscrews
on artificial maxilla and mandible. ] World Fed Orthod 6: 115-9.

81. Serra G, Morais L, Elias CN, Semenova IP, Valiev R, et al. (2013) Nanostructured severe plastic deformation processed titanium for orthodontic mini-implants.
Mater Sci Eng C 33: 4197-202.

82. Smith A, Hosein YK, Dunning CE, Tassi A (2015) Fracture resistance of commonly used self-drilling orthodontic mini-implants. Angle Orthod 85: 26-32.

83. Tseng YC, Ting CC, Du JK, Chen CM, Wu JH, et al. (2016) Insertion torque, resonance frequency, and removal torque analysis of microimplants. Kaohsiung
J Med Sci 32: 469-74.

84. Tseng YC, Wu JH, Chen HS, Chen CM, Ting CC (2017) Effects of gripping volume in the mechanical strengths of orthodontic mini-implant. Kaohsiung ] Med
Sci 33: 578-83.

85. Vasoglou M, Chrysomali E, Zinelis S, Bitsanis I, Haralambakis N, et al. (2014) Retrieval analysis of immediately loaded orthodontic mini-implants: material
and tissue characterization. Eur ] Orthod 36: 683-9.

86. Vilani GN, Ruellas AC, Mattos CT, Fernandes D], Elias CN (2015) Influence of cortical thickness on the stability of mini-implants with microthreads. Braz
Oral Res 29: 1-7.

87. Wang M, Sun Y, Yu Y, Ding X (2017) Evaluation of Palatal Bone Thickness for Insertion of Orthodontic Mini-Implants in Adults and Adolescents: ] Craniofac
Surg 28: 1468-71.

88. Yang L, Li E Cao M, Chen H, Wang X, et al. (2015) Quantitative evaluation of maxillary interradicular bone with cone-beam computed tomography for
bicortical placement of orthodontic mini-implants. Am J Orthod Dentofacial Orthop 147: 725-37.

89. Zuger J, Pandis N, Wallkamm B, Grossen J, Katsaros C (2014) mSuccess rate of paramedian palatal implants in adolescent and adult orthodontic patients: a
retrospective cohort study. Eur ] Orthod 36: 22-5.

90. AlSamak S, Psomiadis S, Gkantidis N (2013) Positional Guidelines for Orthodontic Mini-implant Placement in the Anterior Alveolar Region: A Systematic
Review. Int ] Oral Maxillofac Implants 28: 470-9.

91. Antoszewska-Smith J, Sarul M, Lyczek ], Konopka T, Kawala B (2017) Effectiveness of orthodontic miniscrew implants in anchorage reinforcement during
en-masse retraction: A systematic review and meta-analysis. Am ] Orthod Dentofacial Orthop 151: 440-55.

92. Yashwant AV, Dilip S, Krishnaraj R, Ravi K (2017) Does Change in Thread Shape Influence the Pull Out Strength of Mini Implants? An In vitro Study. J Clin
Diagn Res 11: ZC17-20.

93. Wahabuddin S, Mascarenhas R, Igbal M, Husain A (2015) Clinical Application of Micro-Implant Anchorage in Initial Orthodontic Retraction. ] Oral Implantol
41:77-84.

94. Vilani GN, Ruellas AC, Elias CN, Mattos CT (2015) Stability of smooth and rough mini-implants: clinical and biomechanical evaluation-an in vivostudy. Dent
Press ] Orthod 20: 35-42.

95. Sawada K, Nakahara K, Matsunaga S, Abe S, Ide Y (2013) Evaluation of cortical bone thickness and root proximity at maxillary interradicular sites for mini-
implant placement. Clin Oral Implants Res 24:1-7.

96. Rodriguez JC, Suarez E, Chan H-L, Padial-Molina M, Wang HL (2014) Implants for Orthodontic Anchorage: Success Rates and Reasons of Failures. Implant
Dent 23: 155-61.

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 2


https://www.ncbi.nlm.nih.gov/pubmed/27638407
https://www.ncbi.nlm.nih.gov/pubmed/23527349
https://www.sciencedirect.com/science/article/pii/S2395921516301465
https://www.ncbi.nlm.nih.gov/pubmed/29050676
https://www.ncbi.nlm.nih.gov/pubmed/28257728
https://www.ncbi.nlm.nih.gov/pubmed/29608666
https://www.ncbi.nlm.nih.gov/pubmed/24375757
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5483802/
https://www.ncbi.nlm.nih.gov/pubmed/24521745
https://www.ncbi.nlm.nih.gov/pubmed/23573806
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4163822/
https://www.ncbi.nlm.nih.gov/pubmed/25627887
https://www.ncbi.nlm.nih.gov/pubmed/26560819
https://www.sciencedirect.com/science/article/pii/S2212443817300498
https://www.ncbi.nlm.nih.gov/pubmed/28841595
https://www.ncbi.nlm.nih.gov/pubmed/22092972
https://www.ncbi.nlm.nih.gov/pubmed/23910333
https://www.ncbi.nlm.nih.gov/pubmed/26038077
https://www.ncbi.nlm.nih.gov/pubmed/24614877
https://www.ncbi.nlm.nih.gov/pubmed/24869900
https://www.ncbi.nlm.nih.gov/pubmed/23525601
https://www.ncbi.nlm.nih.gov/pubmed/27183083
https://www.ncbi.nlm.nih.gov/pubmed/24846198
https://www.ncbi.nlm.nih.gov/pubmed/23111639
https://www.ncbi.nlm.nih.gov/pubmed/28457265
https://www.ncbi.nlm.nih.gov/pubmed/25564503
https://www.ncbi.nlm.nih.gov/pubmed/25336563
https://www.sciencedirect.com/science/article/pii/S1882761614000192
https://www.ncbi.nlm.nih.gov/pubmed/28598220
https://www.ncbi.nlm.nih.gov/pubmed/28024789
https://www.ncbi.nlm.nih.gov/pubmed/23217360
https://www.ncbi.nlm.nih.gov/pubmed/27918313
https://www.ncbi.nlm.nih.gov/pubmed/23216058

11 Journal of Dentistry and Oral Care Medicine

Submit your next manuscript to Annex Publishers and
benefit from:

» Easy online submission process

» Rapid peer review process

» Online article availability soon after acceptance for Publication

» Open access: articles available free online

» More accessibility of the articles to the readers/researchers within the field
» Better discount on subsequent article submission

Submit your manuscript at
http://www.annexpublishers.com/paper-submission.php

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 2



