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Abstract
Objective
Aim of this investigation was to analyze the frequency and range of indications of orthodontic treatments using one palatal implant for skeletal anchorage, in a time frame of four years.

Material and methods
A sample was comprised by viewing retrospectively the patient collective of a specialized university clinic who started orthodontic treatment in the time frame 01/09-12/12. Inclusion criterion was the first application of a superstructure within the investigated period after successful insertion of a palatal implant (Ortho-System®, Straumann, Basel, Switzerland). Frequency and range of indications of the conducted skeletally anchored tooth movement were determined by analyzing the individual patient documentation such as medical records, radiographs and casts.

Results
From a total of 1350 patients who started orthodontic treatment in this period met 56 (=4.2%) the inclusion criterion. In 85.7% of this sample was sagittal orthodontic tooth movement conducted, most frequently mesialization of ≥1 tooth (44.6%). Vertical tooth movement was in 57.1% of the sample performed, mostly extrusion of ≥1 tooth (34%). In 33.9% of the sample was ≥1 displaced tooth orthodontically relocated. One or two upper incisors were in 16.1% of the sample permanently replaced by the superstructure, all but one even after orthodontic treatment. In 66.1% of all cases were multi-functional anchorage challenges performed.

Conclusion
4.2 % of all treated patients within the investigated period required orthodontic treatment with skeletal anchorage (palatal implant), mainly for performing sagittal tooth movement (mesialization). The palatal implant was primarily used for multi-functional anchorage purposes, including skeletally anchored treatment in the mandible.
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Introduction
The development of moving teeth with skeletal anchorage created more opportunities for orthodontic treatment. So-called TADs (= Temporary Anchorage Devices) are temporarily inserted bone-borne mini-implants or mini-plates, used only for orthodontic treatment purposes and usually removed after finishing the orthodontic treatment. They can be divided into three groups: mini-screws (= MS; diameter reduces mini-implants, inserted in the alveolar bone or anterior palate), bone anchors (= BA; mini-plates, inserted in the maxillary or mandibular basal bone) and palatal implants (=PI; length reduced mini-implants, inserted in the anterior palatal, Figure 1B). Due to the failure rate of MS inserted in the alveolar bone, torque-resisting TADs (BA and PI) became more of interest; they showed a 1.92-fold lower clinical failure rate than MS [1]. In addition, aspects like the higher bone density of the palatal bone [2] compared to the alveolar bone aroused the anterior palate as an insertion site of interest, even as an insertion site for MS. Jung et al. demonstrated 2012 in their multicenter investigation a failure rate of 4.6 % (n = 239) when inserting a PI [3]. Rodriguez et al. performed 2014 a literature research of failure rates of TADs and found that survival rates of MS were location dependent, but those placed in the anterior palate showed higher success rates [4].[image: A13005_2015_73_Fig1_HTML.gif]
Figure 1Patient example of a 28y old male; A) Diagnosis: previous orthodontic treatment as a child; missing both upper lateral incisors and canines; maxillary transversal deficit; anterior crowding in the mandible; anterior edge-to-edge bite; B) Lateral cephalogram with an inserted PI, after a previously performed surgically assisted rapid maxillary expansion (SRME). C) Multi-functional anchorage purposes: mesialization of the right upper lateral teeth, distalization of the left upper lateral teeth, replacement of missing upper lateral incisors. D) Applied Class II elastics for mesialization of the lower teeth for gap closure (after extraction of the first premolars to resolve the anterior crowding). E and F) Final situation after removal of the orthodontic appliances and insertion of dental implants in the region of the upper lateral incisors. The first upper premolars were shaped and build up with composite to fit as a replacement for the canines.




A MS (inserted in the anterior palate) or a PI provides a connection to receive a superstructure after successful insertion [5-8]. The procedure is similar to conventional dental implants, after taking an impression including an impression post and producing a cast within an implant transfer, a superstructure can be created, designed for the individual anchorage purposes (Figure 1C).
Without the need to depend or rely on using the residual dentition or extraoral appliances (e.g. headgear) as anchorage the opportunity to treat even patients with bone loss (previous periodontal diseases) or without compliance is given. Previously, various investigations reported about failure or survival rates [1,3,9], regarding individual techniques of insertion [10] or fabricate design [11]. About several indications for orthodontic treatment with skeletal anchorage has been reported [7,8,12], often described in case reports [13,14] and discussed in reviews [15,16] or experts opinions [17-21]. But nevertheless, it has not yet been clarified in how many cases the use of skeletal anchorage is actually necessary and when, which indications should to be placed.
Therefore we conducted this investigation to analyze the frequency of orthodontic treatment with skeletal anchorage (using one palatal implant), as well as the range of indications in a time frame of four years.

Material and methods
At first a sample was comprised by viewing retrospectively all patients from a specialized university clinic who started orthodontic treatment in the period January 2009 to December 2012, regardless of age and gender.
Further selection was the successful insertion of a palatal implant (second generation, endosseous portion: length, 4.2 mm; diameter, 4.1 mm; Ortho-System®, Straumann, Basel, Switzerland) (Figure 1B) i.e. successful healing period, no failures or re-insertions. The main inclusion criterion for patient recruitment was the first application of a superstructure on the PI (conventional loading) in the defined time frame. All patients had to be healthy, patients presenting multiple agenesis (>2 agenesis per quadrant), or a cleft lip or palate, or any other syndromic orofacial malformations were excluded, because they received a special treatment protocol.
After recruitment of the sample we analyzed the frequency and range of indications by using patient documentation (medical records, radiographs, plaster models). We collected patients’ as well as appliance specific data. The frequency of complications i.e. reparation of the superstructure and loss of the bonding patches were collected.
The sample was divided into three subclasses regarding the individual functionality of the superstructure: 1) uni-functional, 2) bi-functional and 3) multi-functional treatment purposes. Uni-functionality was defined as one force vector loaded to the PI, bi-functional as two forces and multi-functionality > 2 vectors.
Indications were placed dividing the design of the superstructure/orthodontic tooth movement into the following parameters:	1.Sagittal tooth movement: a) mesialization of ≥ 1 tooth, b) distalization of ≥ 1 tooth, c) both (simultaneous mesialization and distalization of different teeth).


 

	2.Vertical tooth movement: a) extrusion of ≥ 1 tooth, b) intrusion of ≥ 1 tooth, c) both (simultaneous extrusion and intrusion of different teeth), d) orthodontic treatment of displaced teeth.


 

	3.Temporary replacement of missing (anterior) teeth.


 




No assessment of the treatment outcome was conducted; therefore no statement of the efficiency can be made. This investigation was an exclusively descriptive analysis of existing material. All patients gave their consent to use their patient documentation for internal analysis and assessment before any treatment was performed. After recruitment the sample, all data were anonymized for further investigation. The local ethical committee (State Chamber of Medicine in Rheinland-Pfalz, Germany) gave its approval for retrospective, anonymized studies on the 14th of January 2015.
Statistical analysis
The collection and descriptive analysis of these data were carried out using SPSS software (Statistical Package for Social Science) for Windows, version 21.0 (SPSS Software Corp., Chicago, IL, USA). The evaluation was performed as a descriptive analysis of continuous variables by specifying the statistical parameters of mean, minimum, maximum, and standard deviation (SD), and on the basis of relative frequencies.


Results
Subjects
From a total of 1350 patients who started orthodontic treatment within the investigated period, 56 (n = 4.2%) met the inclusion criterion. The patients’ mean age was 19.5y (11-52y). 60.7% (n = 34) of the sample were females and 39.3% (n = 22) males. No implant was lost during the investigated period.
In 75% of the sample (n = 42) was one superstructure inserted, 23.2% (n = 13) received two and 1.8% (n = 1) three.
In 71.4% (n = 40) of the 56 subjects was the skeletal anchorage solely used in the maxilla, in 28.6% (n = 16) also for treatment functions in the mandible (i.e. mesialization of lateral teeth in the mandible to perform gap closure by applying Class II elastics, Figure 1D). In detail, most of patients were treated in two quadrants (first and second quadrant) (48.2%, n = 27), but secondly 21.4% (n = 12) were treated in all 4 quadrants (Tables 1 and 2).Table 1
                          Number of orthodontically treated quadrants per patient (n = 56), in absolute and relative frequencies
                        


	 	Number of quadrants(each subject, n = 56)

	n
	%

	One quadrant
	13
	23.2

	Two quadrants
	27
	48.2

	Three quadrants
	4
	7.1

	Four quadrants
	12
	21.4



Table 2
                          Orthodontic treatment per quadrant of each patient (n = 56), in absolute and relative frequencies
                        


	Quadrants
	Treatment per quadrant(n = 56)

	n
	%

	Upper right
	6
	10.7

	Upper left
	7
	12.5

	Upper right plus left
	27
	48.2

	Upper right plus left and lower right
	0
	0

	Upper right plus left and lower left
	4
	7.1

	Upper right plus left and lower right plus left
	12
	21.4





Complications
The superstructure had to be repaired in 5.4 % of all cases. Partial surfaces of the teeth were bonded to the superstructure when using indirect anchorage to move the teeth. Re-bonding after loss of the bonding patch had to be done in 23.2% (n = 13) of the cases. Evaluating in which indications the loss occurred and which provider conducted the treatment we found that nearly all incidents occurred when treating displaced upper canines, conducted by the same provider.

Functionality
Regarding the individual treatment purposes of the superstructure, 7.1 % (n = 4) of the cases were uni-functional, i.e. only one force vector loaded to the PI, 26.8% (n = 15) bi-functional and 66.1% (n = 37) multi-functional (Figure 1C).

Indications
Sagittal tooth movement
In 85.7% (n = 48) of the sample (n = 56) was sagittal tooth movement conducted (Table 3, Figure 1C). Mesialization of lateral teeth was in 28.6% (n = 16) also performed in the mandible (Figure 1D). Different types of appliances were used for mesialization (patient example, Figure 2) and distalization (patient example, Figure 3).Table 3
                            Sagittal tooth movement: patients in whom orthodontic sagittal tooth movement was performed (n = 48), subdivided into mesialization, distalization and simultaneous mesialization and distalization of different teeth; in total and in relation to the whole sample; in absolute and relative frequencies
                          


	 	Patients with sagittal movement(n = 48)
	All patients(n = 56)

	n
	%
	n
	%

	Mesialization ≥1 tooth
	25
	52.1
	25
	44.6

	Distalization ≥1 tooth
	13
	27.1
	13
	23.2

	Mesialization plus distalization
	10
	20.8
	10
	17.9



[image: A13005_2015_73_Fig2_HTML.gif]
Figure 2Patient example of a superstructure to mesialize all upper and lower second and third molars.



[image: A13005_2015_73_Fig3_HTML.gif]
Figure 3Patient example of a superstructure to distalize the upper lateral teeth (“skeletally supported Pendulum appliance”).





Vertical tooth movement/treatment of displaced teeth
Vertical tooth movement was conducted in 57.1 % (n = 32) (Table 4), a combination of vertical and sagittal movement in 44.6 % (n = 25).Table 4
                            Vertical tooth movement: patients who underwent vertical tooth movement (n = 32), subdivided and in relation to the whole sample (n = 56), in absolute and relative frequencies
                          


	 	Patients with vertical movement(n = 32)
	All patients(n = 56)

	n
	%
	n
	%

	Extrusion ≥1 tooth
	19
	59.4
	19
	34

	Intrusion ≥1 tooth
	8
	25
	8
	14.3

	Extrusion plus intrusion
	5
	15.6
	5
	8.9




In 33.9% of the sample (n = 19) was ≥1 tooth displaced. On average 1.6 teeth were displaced (Min.1, Max. 4), most frequently one or both upper canines, and orthodontically relocated using skeletal anchorage.

Temporary replacement of missing teeth
In 16.1 % (n = 9) of all cases were one (n = 6) or two upper incisors (n = 3) temporarily replaced during orthodontic treatment (Figure 1C), apart from one patient even after active orthodontic treatment as a permanent replacement.



Discussion
Skeletal anchorage for orthodontic treatment purposes has been part of many investigations [1,9-11]. Especially torque-resisting TADs (PI and BA) revived interest in [3,5-7,22] and the anterior palate as an insertion site, even for MS [8,12]. About several indications has been reported [7,8,12], in case reports [13,14], in reviews [15,16] or experts opinions [17-21]. But yet, an actual frequency has not been clarified and also not which indications should to be placed. Besides in-vitro or animal-experimental studies, previous investigations reported about a defined sample, but not about the relation of patients treated with skeletal anchorage to the whole patient collective. Therefore no conclusion can be drawn how many patients actually seem to require skeletal anchorage or how many treatment cases with skeletal anchorage were relatively performed. We found that in only 4.2% of all patients treated within the investigated period the indication for skeletal anchorage (PI) was placed. So due to missing data, no comparison to other findings can be made. Considering the amount of required treatment, determining the need to propose skeletal anchorage, it was pointed out that most of the patients (71.4%) were treated in the upper dentition, in 48.2% was the right and left upper side (two quadrants) treated. But 28.6% of the sample was also treated in the mandible (by applying Class II elastics to mesialize lateral teeth in the mandible), meaning treatment in three or four quadrants. This is emphasized by looking at the treatment challenges. We found that two third of the found sample offered malocclusions which required multi-functional treatment purposes; or in other terms, the indication for treating patients skeletally anchored was mostly placed when multi-functional treatment purposes were necessary.
Therefore, against the common indication of TADs inserted in the anterior palate to conduct orthodontic treatments solely in the maxilla as shown in previous publications, the range of indications should to be extended.
Regarding the single indications, most frequently sagittal tooth movements were conducted (in 85.7% of the sample). This is similar to the findings of Jung et al. [7]. They reported in their RCT study of the spectrum of indications for PIs in treatment concepts involving immediate and conventional loading. The main conducted tooth movement was also in the sagittal plane [7]. Subdividing the movement, the conventional loading group presented a greater amount of distalization than of mesialization, the immediate loading group showed an equal distribution [7]. Other published data reported solely about distalization of the lateral upper teeth [12,14]. Our investigation showed that in most of the cases mesialization of lateral teeth was performed (44.6%), and secondly distalization (21.4%). Therefore, in most of the cases the indication for treatment with skeletal anchorage was placed when patients required treatment to mesialize their lateral teeth.
Evaluating the amount of re-fixation after loss of bonded patches we found that nearly all incidences occurred when one provider was treating. The failure rate of PI insertions is highly correlated with the surgeon’s experience as described by Jung et al. [3]. Therefore we concluded that those bondings may also be sensitive to the performing provider.
The present study was a retrospective evaluation of the frequency and range of indications, but the treatment outcome was not assessed. Therefore no statement of the efficiency can be made, which leads to further investigations to evaluate this topic.

Conclusion
4.2 % of all treated patients within the investigated period required orthodontic treatment with skeletal anchorage (PI). We could show that the palatal implant was mainly used for multi-functional anchorage purposes, and in one third of those patients also used as skeletal anchorage for treatment in the mandible. Regarding the indications we found that in most of the cases sagittal tooth movement was conducted, and instead of distalization was most frequently mesialization of lateral teeth performed.
We concluded that the indication for skeletal anchorage should be placed in selected cases and primarily when requiring multi-functional anchorage challenges.

References
1.
Schätzle M, Männchen R, Zwahlen M, Lang NP. Survival and failure rates of orthodontic temporary anchorage devices: a systematic review. Clin Oral Implants Res. 2009;20:1351–9.CrossRefPubMed

2.
Wehrbein H. Bone quality in the midpalate for temporary anchorage devices. Clin Oral Implants Res. 2009;20:45–9.CrossRefPubMed

3.
Jung BA, Kunkel M, Göllner P, Liechti T, Wagner W, Wehrbein H. Prognostic parameters contributing to palatal implant failures: a long-term survival analysis of 239 patients. Clin Oral Implants Res. 2012;23:746–50.CrossRefPubMed

4.
Rodriguez JC, Suarez F, Chan HL, Padial-Molina M, Wang HL. Implants for orthodontic anchorage: success rates and reasons of failures. Implant Dent. 2014;23:155–61.CrossRefPubMed

5.
Wehrbein H, Merz BR, Diedrich P, Glatzmaier J. The use of palatal implants for orthodontic anchorage. Design and clinical application of the orthosystem. Clin Oral Implants Res. 1996;7:410–6.CrossRefPubMed

6.
Jung BA, Kunkel M, Göllner P, Liechti T, Wehrbein H. Success rate of second-generation palatal implants. Angle Orthod. 2009;79:85–90.CrossRefPubMed

7.
Jung BA, Harzer W, Gedrange T, Kunkel M, Moergel M, Diedrich P, et al. Spectrum of indications for palatal implants in treatment concepts involving immediate and conventional loading. J Orofac Orthop. 2010;71:273–80.CrossRefPubMed

8.
Nienkemper M, Wilmes B, Pauls A, Drescher D. Multipurpose use of orthodontic mini-implants to achieve different treatment goals. J Orofac Orthop. 2012;73:467–76.CrossRefPubMed

9.
Papageorgiou SN, Zogakis IP, Papadopoulos MA. Failure rates and associated risk factors of orthodontic miniscrew implants: a meta-analysis. Am J Orthod Dentofacial Orthop. 2012;142:577–95.CrossRefPubMed

10.
Meursinge Reynders R, Ronchi L, Ladu L, van Etten-Jamaludin F, Bipat S. Insertion torque and success of orthodontic mini-implants: a systematic review. Am J Orthod Dentofacial Orthop. 2012;142:596–614.CrossRefPubMed

11.
Migliorati M, Benedicenti S, Signori A, Drago S, Cirillo P, Barberis F, et al. Thread shape factor: evaluation of three different orthodontic miniscrews stability. Eur J Orthod. 2013;35:401–5.CrossRefPubMed

12.
Nienkemper M, Wilmes B, Pauls A, Yamaguchi S, Ludwig B, Drescher D. Treatment efficiency of mini-implant-borne distalization depending on age and second-molar eruption. J Orofac Orthop. 2014;75:118–32.CrossRefPubMed

13.
Seo YJ, Chung KR, Kim SH, Nelson G. Camouflage treatment of skeletal Class III malocclusion with asymmetry using a bone-borne rapid maxillary expander. Angle Orthod 2014, 17. [Epub ahead of print].

14.
Yanagita T, Nakamura M, Kawanabe N, Yamashiro T. Class II malocclusion with complex problems treated with a novel combination of lingual orthodontic appliances and lingual arches. Am J Orthod Dentofacial Orthop. 2014;146:98–107.CrossRefPubMed

15.
Janssen KI, Raghoebar GM, Vissink A, Sandham A. Skeletal anchorage in orthodontics - a review of various systems in animal and human studies. Int J Oral Maxillofac Implants. 2008;23:75–88.PubMed

16.
Reynders R, Ronchi L, Bipat S. Mini-implants in orthodontics: a systematic review of the literature. Am J Orthod Dentofacial Orthop. 2009;135:564–e1-19.CrossRefPubMed

17.
Wehrbein H, Göllner P. Skeletal anchorage in orthodontics - basics and clinical application. J Orofac Orthop. 2007;68:443–61.CrossRefPubMed

18.
Papadopoulos MA, Tarawneh F. The use of miniscrew implants for temporary skeletal anchorage in orthodontics: a comprehensive review. Oral Surg Oral Med Oral Path Oral Radiol Endod. 2007;103:e6–15.CrossRef

19.
Leung MT, Lee TC, Rabie A, Wong RW. Use of miniscrews and miniplates in orthodontics. J Oral Maxillofac Surg. 2008;66:1461–6.CrossRefPubMed

20.
Baumgaertel S. Temporary skeletal anchorage devices: the case for miniscrews. Am J Orthod Dentofacial Orthop. 2014;145:558–64.CrossRefPubMed

21.
Sugawara J. Temporary skeletal anchorage devices: the case for miniplates. Am J Orthod Dentofacial Orthop. 2014;145:559–65.CrossRefPubMed

22.
Mommaerts MY, Nols V, De Pauw G. Long-term prospective study of an orthodontic bone anchor. Int J Oral Maxillofac Implants. 2014;29:419–26.CrossRefPubMed



Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
EK conducted the research, assessed the superstructures, performed the statistical analysis and drafted the manuscript. ZY recruited the sample and supported the research. HW supervised the research, and helped drafting the manuscript. All authors read and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/A13005_2015_73_Fig2_HTML.gif





OEBPS/A13005_2015_73_Fig3_HTML.gif





OEBPS/contact.gif





OEBPS/A13005_2015_73_Fig1_HTML.gif





