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Abstract

:

This study aimed to analyze the relationship between bone density, habitual chewing side (HCS), and mini-screw stability to investigate the intra-individual factors contributing to mini-screw failure. This retrospective study included 86 sides in 43 adults, who underwent bilateral maxillary mini-screw placement with subsequent unilateral failure of the mini-screw. Pre-treatment cone-beam computed tomography was used to measure the buccal cortical bone thickness and bone density on the failed and successful sides. Pre-treatment mandibular kinesiographic records were used to determine the HCS. Paired t-tests, one-proportion z-tests, and multivariable multilevel Poisson regression were used to examine the statistical significance. The buccal cortical bone thicknesses were 0.93 ± 0.27 mm (unsuccessful side) and 1.01 ± 0.27 mm (successful side), with no significant difference. The bone density on the unsuccessful side (1059.64 ± 202.64 mg/cm3) was significantly lower than the success side (1317.89 ± 332.23 mg/cm3). Regarding HCS, 27.9% of failures occurred on the preferred side, and 62.8% occurred on the non-preferred side. After adjusting for all factors, the non-preferred side showed a 2.22 times higher prevalence ratio for mini-screw failure than the preferred side. HCS is significantly related to mini-screw stability, while the cortical bone thickness, bone density, and site of mini-screw implantation were not correlated.
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1. Introduction


Orthodontic mini-screws have become a critical adjunctive device for orthodontic treatment [1,2,3,4]. In adult patients who are unable to use extra-oral anchorage devices for the prescribed duration, orthodontic screws obtained the maximum anchorage without requiring patient cooperation, and contributed to treatments requiring extensive tooth movements, such as distal movement [4] and lateral expansion [5] of the maxillary dentition. They have also been reported to provide vertical control in cases of open bite [6], deep overbite, gummy smile, and excessive extrusion caused by loss of the opposite teeth [7]. Although previous studies have reported high success rates [8,9,10,11,12], many clinicians have experienced orthodontic mini-screw dislodgement [13]. The stability of mini-screws is important because their dislodgement can delay treatment and impose psychological and financial burdens on the patient due to changes at the implantation site. There is no bilateral difference in mini-screw loss [12]. However, this does not necessarily occur bilaterally in all patients.



There have been many reports on the factors affecting mini-screw loss. The factors reported thus far can be broadly categorized into external and internal (i.e., host) factors. The external factors include the screw diameter, length, shape, and some surgical factors such as insertion torque, site, and angle [14]. On the other hand, the internal factors include age, gender, jaw condition [15,16], surrounding periodontal inflammation, cortical bone thickness, and alveolar bone density [8,11,12]. Multiple factors are expected to affect mini-screw loss; however, no study adjusting for the influence of these confounding factors has been reported. Furthermore, it has been reported that the secondary success rate of mini-screw insertion at the same site of its dislodgement showed lower stability rather than primary insertion, and it should be better to choose a different site for reimplantation on the buccal side of the maxillary alveolar bone [17]. Therefore, evaluating and clarifying the risk of host factors after eliminating the influence of confounding factors may contribute to the selection of insertion sites and even more stability, especially the second time.



The occlusal force effects on cortical bone thickness [18], alveolar bone density [19,20], and mandibular bone morphology [21] have been extensively studied. Masticatory movements on both sides are not equal [22]. According to Pond et al. [22] and Wilding and Lewin [23], approximately 70% of people habitually use one side during mastication, which is called the habitual masticatory side. Habitual chewing induces laterality in masticatory functions, including occlusal force, occlusal contacting area, tongue movement, and masticatory efficiency [24,25,26]. Habitual chewing side is thought to be controlled centrally [27], but chewing side can be managed consciously as behavior modification therapy and the preferred side can change through improvement in the occlusal condition with orthodontic treatment [28]. However, there are no reports on the relationship between masticatory functions and the stability of orthodontic mini-screws. This study focused on the habitual masticatory side as a parameter that can be objectively evaluated to compare the left-right difference in masticatory function within individuals and investigated its relationship with the stability of orthodontic mini-screws.



This study aimed to determine whether the intra-individual factors of the alveolar bone density and habitual masticatory side are involved in the mini-screw loss by retrospectively evaluating cases of unilateral mini-screw loss. The null hypothesis was that alveolar bone density and habitual masticatory side were not involved in the mini-screw loss.




2. Materials and Methods


2.1. Patients


This retrospective study was approved by the institutional ethics committee (No. 1254). We enrolled patients who visited the orthodontic clinic of our Dental University Hospital for orthodontic treatment between March 2015 and October 2020 and underwent cone-beam computed tomography (CBCT) for diagnosis and treatment planning. Patients with a history of the buccal placement of orthodontic mini-screws (Dual-Top; Jeil Medical Co., Seoul, Republic of Korea) of the same type and size in the same area (i.e., between the upper second premolar and first molar or between the upper first molar and second molar) on both sides of the maxilla using motorized screwdrivers, and with subsequent unilateral loss of a mini-screw, were selected. Success of the mini-screw was defined as no detectable mobility for at least 6 months after clinical loading application, and the mini-screws inconsistent with these criteria were determined as failure [12]. Written informed consent was obtained from all patients. Those with previous orthodontic treatment, periodontal disease with alveolar bone loss, alveolar bone loss of interest, impacted teeth, congenital diseases such as cleft lip and palate, and systemic diseases were excluded.




2.2. CBCT Imaging and Image Processing


CBCT imaging was performed for each patient under the following conditions: a dental CBCT machine (Finecube, Yoshida Seisakusho Co., Ltd., Tokyo, Japan) was used for imaging in the normal mode (tube voltage, 90 kV; tube current, 4 mA; imaging time, 16.8 s) with the patient’s Frankfurt plane parallel to the floor. CBCT images were recorded with a slice thickness of 0.147 mm, a field of view of 81 × 74 mm, and a voxel size of 0.146 mm. The images were converted to Digital Imaging and Communication in Medicine (DICOM) files, and the DICOM data were transferred to a computer for analysis. DICOM analysis software (OsiriX MD, version 8.0.2, Pixmeo, Switzerland) was used for linear measurements and bone analysis software (TRI/3D-BON, RATOC, Tokyo, Japan) was used for bone mineral density analysis.




2.3. Measurements


The habitual chewing side was identified through a mandibular kinesiograph (MKG) taken before orthodontic treatment, wherein the patient chewed the gum freely (Figure 1). Of the 10 strokes from the 4th to 13th strokes, when ≥70% of the strokes were clearly biased toward one chewing side, that side was defined as the habitual chewing side [26]. Labial cortical bone thickness was measured in a horizontal section at a depth of 4 mm from the top of the alveolar bone where the orthodontic mini-screw was placed (Figure 2). As to trabecular bone analysis, we used trabecular bone analysis software (TRI/3D-BON) according to the manufacturer’s instructions. Alveolar cancellous bone density (mg/cm3) was also measured in the regions of interest set at the site of orthodontic mini-screw implantation in a cube 1.4 mm square at the base and 6 mm high at a depth of 4 mm from the top of the alveolar bone (with the height in the buccolingual direction) under the instructions (Figure 3).



For multivariate analysis, the bone thickness and bone density were grouped equally into three categories in the order of descending and increasing (Grp. 1, Grp. 2, and Grp. 3), respectively. The implantation sites were limited to two locations: between the maxillary second premolar and the maxillary first molar and between the maxillary first molar and the maxillary second molar. The cases were categorized into two groups according to the insertion site. The clinical experience of the orthodontists (1–27 years) who placed the mini-screw was also grouped into three categories. All measurements were performed twice with an interval of 14 days by the same blinded investigator to examine the intraclass correlation coefficient (ICC).




2.4. Statistical Analysis


First, a paired t-test was used to compare the mean values of the cortical bone thickness and bone density between the successful and unsuccessful sides. In our data set, individuals had multiple sites. Therefore, we then conducted multivariable multilevel Poisson regression, considering that the structure of each site was nested in a patient to estimate the prevalence ratio (PR) and its 95% confidence interval (95% CI) for mini-screw failure. The reason why, we applied Poisson regression rather than logistic regression because the prevalence of failure in this study was high, and logistic regression could overestimate the association between cortical bone thickness and bone density on the successful and unsuccessful side [29]. Then, univariate and multivariate analyses were used to examine the association of the habitual chewing side, cortical bone thickness, bone density, implantation site, and years of experience of the orthodontists who placed the mini-screw with the success or failure of the mini-screw. Statistical analysis software STATA v.17 (StataCorp LLC, College Station, TX, USA) and SPSS version 26.0 (IBM Corporation, Armonk, NY, USA) were used for the statistical evaluation. Statistical significance was set at p < 0.05.





3. Results


Our analysis included 43 patients (10 men and 33 women; age range: 18–44 years; mean age: 28.8 ± 11.2 years). ICC was measured twice by the same examiner at 14-day intervals. The ICCs (1.1) for cortical bone thickness on the successful and unsuccessful sides were 0.988 and 0.993, respectively. Likewise, the ICC (1.1) values for alveolar bone density on the successful and unsuccessful sides were 0.999 and 0.999, respectively. These results confirmed the validity of the measurements.



Table 1 and Table S1 present the descriptive statistics for the successful and unsuccessful sides. The cortical bone thickness was 1.01 ± 0.27 mm on the successful side and 0.93 ± 0.27 mm on the unsuccessful side without a significant difference. In addition, Grp. 1 (0.71 ± 0.11 mm, range: 0.47–0.85 mm) had 31 (successful: 11, unsuccessful: 20) sides, Grp. 2 (0.97 ± 0.054 mm, range: 0.86–1.05 mm) had a total of 27 (successful: 17, unsuccessful: 10) sides, and Grp. 3 (1.27 ± 0.20 mm, range: 1.07–1.78 mm) had a total of 28 (successful: 15, unsuccessful: 13) sides (Table S2). There was no significant correlation between mini-screw stability and cortical bone thickness (Table 2).



The bone density was 1317.89 ± 332.23 mg/cm3 on the successful side and 1059.64 ± 202.64 mg/cm3 on the unsuccessful side (Table S1). It was significantly higher on the successful side than on the unsuccessful side. Meanwhile, Grp. 1 (891.72 ± 110.44 mg/cm3, range: 674.7–1073.1 mg/cm3) had 29 sides (successful: 13, unsuccessful: 16); Grp. 2 (1149.22 ± 46.66 mg/cm3, range: 1078.6–1228.9 mg/cm3), 29 (successful: 9, unsuccessful: 20) sides; and Grp. 3 (1506.65 ± 238.91 mg/cm3, range: 1229.4–1910.3 mg/cm3), 28 (successful: 21, unsuccessful: 7) sides (Table S2). The regression analysis shows there was no significant correlation between mini-screw stability and bone density (Table 2).



As for the habitual chewing side, 39 out of 43 patients had a habitual chewing side, while 4 had no chewing preference. Of the 39 patients with a habitual chewing side, 27 had a successful mini-screw on the habitual chewing side, while 12 had an unsuccessful mini-screw on the habitual chewing side. There was a significant association between screw stability and habitual chewing side (Table 2). Compared to the preferred side, the non-preferred side had a 2.25 (95% CI = 1.14–4.442) times significantly higher PR for failure. This association remained significant after all variables were included in the same model (PR = 2.22, 95% CI = 1.12–4.41).



Furthermore, the mini-screw was inserted between the second premolar and first molar in 38 patients and between the first and second molars in 5 patients. There was no significant correlation between screw stability and the implantation site (Table 1 and Table 2).



Based on the orthodontists’ experience of mini-screw insertion, 22 orthodontists were subgrouped into Grp. 1 (minimum 2 years and maximum 3 years), 16 into Grp. 2 (minimum 4 years and maximum 9 years), and 26 into Grp. 3 (>10 years). There was no significant correlation between mini-screw stability and orthodontist experience (Table 1 and Table 2).




4. Discussion


Our null hypothesis was rejected because the multivariate analysis showed that the alveolar bone density on the unsuccessful side was significantly lower than on the successful side, with a significant correlation between the success or failure of the mini-screw and the sidedness of habitual chewing. To our knowledge, our study is the first to elucidate the intra-individual factors using a split-mouth design [30], wherein the orthodontic mini-screws were inserted bilaterally, with mini-screw loss only on one side, which helped diminish the influence of the systemic host factors, the inter-individual factors, that act as confounders. Our findings strongly support those of previous studies that concluded that bone density is related to the stability of mini-screws [8,11,12]. This is also the first study to examine the stability of orthodontic anchor screws in relation to masticatory functions, such as habitual chewing. Therefore, our findings may be meaningful for clinicians.



There was no significant difference in bilateral alveolar cortical bone thickness in the same regions in an individual [31]. In our study, the alveolar cortical bone thickness was 0.97 ± 0.29 mm on the right side and 0.97 ± 0.25 mm on the left side (Table S3), without a significant difference between the two sides, which agrees with a previous study [31]. However, there was a tendency for the successful side to have a larger width diameter of 1.01 ± 0.27 mm, when compared to the 0.93 ± 0.27 mm width diameter on the unsuccessful side. Miyawaki et al. [8] reported that the mini-screw loss rate increased significantly when alveolar bone thickness was less than 1.0 mm. Considering that the mean cortical bone thickness of the unsuccessful side in the present study was 0.93 mm, the sample size should be increased to investigate the cortical bone thickness in detail required for mini-screw stability. The alveolar bone density was significantly greater on the successful side than on the unsuccessful side, suggesting that bone density may be related to mini-screw stability, consistent with a previous study [15]. As alveolar bone density has been correlated with sex, body mass index, and age [32], it is important to investigate and compare other host factors that contribute to mini-screw stability in a larger sample.



Sato et al. [18] reported that bone density decreases when masticatory function weakens, while Loginova et al. [17] reported that bone mineral density becomes significantly greater on the chewing side than on the non-chewing side during gum training. This study focused on habitual chewing, and found that patients whose habitual chewing side was on the successful side were less than those whose habitual chewing side was on the unsuccessful side, as well as those who did not have a habitual chewing side. This suggests that masticatory function may affect bone density [16]. Therefore, when planning orthodontic treatment with mini-screws for patients with an obvious habitual chewing side, special attention is recommended based on our study results. Moreover, patients suspected of having a habitual chewing side according to the questionnaires, oral conditions, and functional examinations, such as the mandibular kinesiograph and electromyography should be encouraged to chew on the non-habitual side of mastication, (e.g., through the elimination of dental caries and gum training) to increase alveolar bone density before mini-screw placement. In addition, changing the implantation site to the palate may be considered when mini-screw insertion into the alveolar bone is unsuccessful [17].



In this study, mini-screws of the same size were placed bilaterally at the same site and in the same patient using motorized screwdrivers. Therefore, we analyzed the results without considering systemic factors, such as age, jaw shape, screw diameter, screw length, and individual techniques [16,18]. However, the present study had several limitations. First, we did not compare cases with bilateral failure and those with bilateral success to further examine the relationship between bone density and mini-screw failure/stability in order to focus on the investigation of the intra-individual factors. Second, because previous studies have shown greater cortical bone thickness and alveolar bone density in the mandible than in the maxilla [12,33,34], a further comparison between the two jaws should also be necessary in future studies. Finally, the CBCT images were used to measure BMD in this clinical study. Although the CBCT examination is often used to evaluate bone quality before dental implantation, it has been reported that the CBCT image has low reliability of reconstructed density values, such as BMD [35].



This study included patients with unilateral failure of mini-screw insertion to assess the contribution of bone quality and habitual chewing to mini-screw stability. Regarding the experience of orthodontists, it has been reported that the number of previous mini-screw placements by orthodontists is not a significant confounding factor for the success rate [36]. Therefore, although doctors’ experience was not considered a factor affecting the success rate in the present study, it should be considered in the future. Moreover, there are reports that alveolar bone density decreases during orthodontic treatment [37,38]. Hence, future studies should evaluate the effect of orthodontic treatment duration on these findings. In addition, the comparison method used in this study employed a split-mouse design. This statistical method allows the exclusion of systemic factors, but does not consider crossover effects. It is necessary to consider the possibility of changes in chewing patterns and the dominant hand of the patients associated with tooth brushing manner during orthodontic treatment.




5. Conclusions


In conclusion, this regression analysis shows that cortical bone thickness, bone density, site of mini-screw implantation, and practitioner experience are not significantly correlated with mini-screw stabilization. Meanwhile, habitual chewing side is related to mini-screw stability.
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Figure 1. Determination of the habitual chewing side by a mandibular kinesiograph. Of the 10 strokes from the 4th to 13th strokes, when 70% or more of the strokes were biased to one side, that side was defined as the habitual chewing side. (A) Sagittal view; (B) frontal view; closing (red), opening (blue/green). 
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Figure 2. Alveolar bone density measurement on a horizontal plane section of a cone beam computed tomography image. The horizontal plane section was taken parallel to the occlusal plane. 






Figure 2. Alveolar bone density measurement on a horizontal plane section of a cone beam computed tomography image. The horizontal plane section was taken parallel to the occlusal plane.



[image: Applsci 14 03041 g002]







[image: Applsci 14 03041 g003] 





Figure 3. Alveolar bone density measurement on a sagittal plane section of a cone bea