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ABSTRACT
Background:
Accurate bracket placement is essential for achieving optimal orthodontic treatment outcomes. Errors in vertical or axial positioning can alter torque expression, tip, and in–out relationships, thereby affecting the final occlusal result. Although several gauges assist in vertical positioning, their ability to ensure accuracy in both vertical and horizontal planes remains limited. Therefore, the present study aimed to compare the accuracy of bracket positioning between the MBT gauge and the self-designed Mirror-Guided Bracket Positioner (MGBP) in maxillary anterior teeth.
Materials and Methods: 
This prospective split-mouth in vivo clinical study was conducted on 25 orthodontic patients. The maxillary arch was divided into right and left segments (central incisor to canine), with each patient serving as their own control. A balanced randomization protocol was followed, wherein in 12 patients the right side was bonded using the MBT gauge and the left side using the MGBP positioner, while in the remaining 13 patients the allocation was reversed to minimize site bias. Bracket positioning was performed by a single operator using composite resin and LED curing. The accuracy of bracket positioning between the two devices was assessed using a digital Vernier caliper, by measuring distances from the bracket scribe line to mesial, distal, incisal, and gingival reference points. Data were analyzed using appropriate paired statistical tests, with P < 0.05 considered statistically significant.
Results:
The MGBP group demonstrated higher mean surface scores across all tooth surfaces compared to the MBT group. Statistically significant differences were observed in the mesial and occlusal surfaces of central incisors, the gingival surface of lateral incisors, and the mesial, distal, and occlusal surfaces of canines, indicating superior bracket positioning accuracy with the MGBP technique.
Conclusion:
The MGBP technique demonstrated enhanced accuracy and more favorable surface outcomes compared to the conventional MBT gauge. Its dual-arm design improves visualization, reduces parallax error, and facilitates precise bracket placement, making it an efficient and reliable alternative for clinical use.
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1. INTRODUCTION
Precision in bracket placement is a critical determinant of successful orthodontic treatment, as inaccuracies in initial positioning can lead to improper torque expression, tip discrepancies, and in–out errors that may persist throughout treatment and compromise final occlusal outcomes (Rathor et al., 2024; Shenoi et al., 2021). Accurate vertical and axial positioning of brackets is therefore essential for optimal expression of built-in appliance prescriptions (Gaur et al., 2020). MBT gauge is primarily designed to aid vertical placement; however, they provide limited control over horizontal and axial accuracy, which may result in positioning errors (Mohammadi et al., 2011; Bhide et al., 2019). Several modified gauges and positioning instruments have been introduced to improve placement accuracy, yet an instrument that consistently ensures precision in both planes remains lacking (Raghuraj et al., 2011; Hattarki RS, Malag S, 2011; Sharma et al., 2011). 
A custom-made MGBP positioner was developed by modifying a William’s periodontal probe. In this modification, a dental mouth mirror was soldered to the probe at a right angle to facilitate improved visualization of the tooth surface during bracket bonding. Additionally, a 0.017 × 0.025-inch stainless steel wire measuring approximately 8 mm in length was welded 6 mm from the probe tip to minimize errors in horizontal bracket positioning. The present study aimed to evaluate and compare the accuracy of bracket positioning using the MBT gauge and the MGBP positioner in maxillary anterior teeth. The null hypothesis of the study was that there would be no statistically significant difference in the accuracy of bracket positioning between the MBT gauge and the MGBP positioner.
2. MATERIALS AND METHODS:
This prospective split-mouth in vivo clinical study was conducted in the Department of Orthodontics and Dentofacial Orthopedics, Chhattisgarh Dental College and Research Institute, Rajnandgaon, Chhattisgarh, after obtaining approval from the Institutional Ethics Committee (Approval No: CDCRI/DEAN/ETHICSCOMMITTEE/ORTHO-01/2024). Written informed consent was obtained from all participants prior to enrollment. A total of 25 patients requiring fixed orthodontic treatment and fulfilling the inclusion criteria were selected using a convenient sampling technique. Patients with normal tooth size and morphology were included in the study. Patients with a history of previous orthodontic treatment, tooth wear (attrition, abrasion, or abfraction), fractured incisal edges, or developmental dental anomalies were excluded.
The maxillary arch was divided into right and left segments from the central incisor to canine. To ensure methodological standardization and to minimize site-related bias, a balanced randomization protocol was employed. In 12 patients, the right maxillary anterior segment was bonded using the MBT gauge and the left side using the MGBP positioner, whereas in the remaining 13 patients, the allocation was reversed, with the right side bonded using the MGBP positioner and the left side using the MBT gauge. This near-equal distribution ensured that both techniques were applied on both sides of the arch, thereby reducing the influence of operator handedness, visual accessibility, and side preference.
2.1 Sample Size Calculation
The sample size was calculated using G*Power software version 3.0.1. An a priori power analysis was performed based on comparison of two related means (paired design), considering the split-mouth nature of the study. The level of significance (α) was set at 5% (0.05), with a power of 80% (1–β = 0.80) and a two-tailed test. The expected effect size (d) was 1.35. The minimum required sample size was estimated to be 20 subjects. However, the final sample size was increased to 25 subjects to enhance the reliability of the results and to compensate for potential dropouts.


2.2 Study Intervention
Upper and lower alginate impressions were made for all participants, and dental casts were prepared. Cervico-incisal and mesiodistal dimensions of the maxillary anterior teeth were measured on the casts using a digital Vernier caliper. The study focused on maxillary anterior teeth due to the higher probability of positioning errors during indirect vision bonding. The maxillary arch was divided into right and left sides. Brackets from the central incisor to canine on one side were bonded using the MBT gauge, while the contralateral side was bonded using the MGBP. All brackets were bonded by the same operator using composite resin and cured with an LED curing light.
2.3 Measurement of Bracket Positioning Accuracy
Measurements were recorded using a digital Vernier caliper from the center of the vertical scribe line on the bracket to the following reference points:
1. Mesial – to the adjacent mesial interproximal surface
2. Distal – to the adjacent distal interproximal surface
3. Incisal – to the incisal edge or cusp tip
4. Gingival – to the gingival zenith
All measurements were recorded by the same investigator to ensure consistency.
2.4 Statistical Analysis
Data were tabulated using Microsoft Excel and analyzed using SPSS software version 26.0 (IBM Corp., Chicago, IL, USA). Descriptive statistics were expressed as mean and standard deviation. Data normality was assessed using the Shapiro–Wilk test. As this was a split-mouth study, intergroup comparisons between the MBT gauge and MGBP Positioner sides were performed using the paired t-test. A P-value of less than 0.05 was considered statistically significant.
3. RESULTS
A total of 25 patients were included in the study, and all participants completed the evaluation. Comparison of bracket positioning accuracy between the MBT gauge and MGBP positioner was performed using paired statistical analysis. 
For the central incisors (Table 1), the mean mesial surface score was significantly higher on the MGBP side (4.17 ± 0.24) compared to the MBT side (4.01 ± 0.26) (P = 0.030). The mean distal surface scores were 4.18 ± 0.20 on the MGBP side and 4.02 ± 0.33 on the MBT side, with no statistically significant difference between the two sides (P = 0.052). The occlusal surface score was also significantly greater on the MGBP side (4.57 ± 0.35) compared to the MBT side (4.33 ± 0.37) (P = 0.021). However, no statistically significant difference was observed in the gingival surface scores between the MGBP side (4.45 ± 0.34) and the MBT side (4.26 ± 0.45) (P = 0.104).
Table 1: Comparison of mean surface scores between MBT group and MGBP group for central incisors
	Surface
	MBT group
Mean ± SD
	MGBP group
Mean ± SD
	P-value

	Mesial
	4.01 ± 0.26
	4.17 ± 0.24
	0.030b

	Distal
	4.02 ± 0.33
	4.18 ± 0.20
	0.052a

	Occlusal
	4.33 ± 0.37
	4.57 ± 0.35
	0.021b

	Gingival
	4.26 ± 0.45
	4.45 ± 0.34
	0.104a


aP>0.05: no significant difference, bP<0.05: significant difference, cP<0.001: highly significant difference
For the lateral incisors (Table 2), the mean mesial surface scores were 3.61 ± 0.28 on the MGBP side and 3.49 ± 0.31 on the MBT side, with no statistically significant difference (P = 0.156). Similarly, no significant difference was observed in the distal surface scores between the MGBP side (3.58 ± 0.25) and the MBT side (3.47 ± 0.32) (P = 0.152), or in the occlusal surface scores (4.00 ± 0.35 vs 3.94 ± 0.38; P = 0.557). However, the gingival surface score was significantly higher on the MGBP side (4.07 ± 0.33) compared to the MBT side (3.83 ± 0.36) (P = 0.021).

Table 2: Comparison of mean surface scores between MBT group and MGBP group for lateral incisors
	Surface
	MBT group
Mean ± SD
	MGBP group
Mean ± SD
	P-value

	Mesial
	3.49 ± 0.31
	3.61 ± 0.28
	0.156a

	Distal
	3.47 ± 0.32
	3.58 ± 0.25
	0.152a

	Occlusal
	3.94 ± 0.38
	4.00 ± 0.35
	0.557a

	Gingival
	3.83 ± 0.36
	4.07 ± 0.33
	0.021b


aP>0.05: no significant difference, bP<0.05: significant difference, cP<0.001: highly significant difference
For the canines (Table 3), the mean mesial surface score was significantly higher on the MGBP side (4.31 ± 0.35) compared to the MBT side (4.03 ± 0.38) (P = 0.009). The distal surface score also demonstrated a statistically significant difference, with higher values observed on the MGBP side (4.26 ± 0.31) compared to the MBT side (3.92 ± 0.37) (P = 0.001). Similarly, the occlusal surface score was significantly greater on the MGBP side (4.57 ± 0.31) than on the MBT side (4.31 ± 0.32) (P = 0.004). No statistically significant difference was found in the gingival surface scores between the two sides (P = 0.226).
Table 3: Comparison of mean surface scores between MBT group and MGBP group for canines
	Surface
	MBT group
Mean ± SD
	MGBP group
Mean ± SD
	P-value

	Mesial
	4.03 ± 0.38
	4.31 ± 0.35
	0.009b

	Distal
	3.92 ± 0.37
	4.26 ± 0.31
	0.001b

	Occlusal
	4.31 ± 0.32
	4.57 ± 0.31
	0.004b

	Gingival
	4.41 ± 0.41
	4.55 ± 0.38
	0.226a


aP>0.05: no significant difference, bP<0.05: significant difference, cP<0.001: highly significant difference
Overall, the MGBP positioner demonstrated consistently higher mean surface scores across most parameters compared to the MBT gauge. Statistically significant differences were primarily observed in the mesial and occlusal surfaces of central incisors, the gingival surface of lateral incisors, and the mesial, distal, and occlusal surfaces of canines, indicating superior bracket positioning accuracy with the MGBP technique.
4. DISCUSSION
The present study evaluated the accuracy of bracket positioning using the MBT gauge and the MGBP positioner in maxillary anterior teeth using a split-mouth design. The findings demonstrated that the MGBP positioner provided significantly greater accuracy compared to the MBT gauge in several parameters, particularly in the mesial and occlusal surfaces of central incisors, the gingival surface of lateral incisors, and the mesial, distal, and occlusal surfaces of canines. However, no statistically significant differences were observed in certain parameters, indicating that both methods performed comparably in selected regions.
Accurate bracket placement is a critical step in orthodontic treatment, as it directly influences the expression of built-in bracket prescriptions and overall treatment outcomes. Inaccurate placement of orthodontic brackets at the initial stage can adversely affect the expression of built-in prescription features, leading to undesirable torque control, tipping discrepancies, and in–out variations that may continue throughout the course of treatment, often necessitating additional wire adjustments at later stages. McLaughlin et al. stated that precise bracket positioning is necessary to express the built-in characteristics of the bracket system completely and effectively. In the original edgewise appliance, standard millimeter measurements were collected from each tooth's incisal edge, regardless of tooth size, and bracket installation was often done using gauges. For large incisors, this resulted in incisal bracket placement, which changed the torque and in–out that the brackets produced. It is necessary to visualize the vertical long axis of the clinical crown of each tooth to achieve accuracy because errors may cause incorrect tip positioning of the teeth. McLaughlin et al. proposed that the bracket wings need to be parallel to the long axis. However, obtaining axial accuracy remains the most difficult aspect.
The superior performance of the MGBP positioner observed in the present study can be attributed to its design characteristics. The incorporation of a mirror enables improved indirect visualization during bracket bonding, particularly in regions where direct access is limited. Furthermore, the presence of both vertical and horizontal reference components allows better alignment of the bracket with the long axis of the tooth, thereby reducing errors in both vertical and mesiodistal positioning. This dual-plane control likely contributed to the significantly higher accuracy observed in multiple parameters with the MGBP positioner compared to the MBT gauge, which primarily aids vertical positioning and offers limited control over horizontal and axial alignment.
The greater differences observed in canines compared to incisors may be explained by anatomical and clinical considerations. Canines are positioned more posteriorly in the arch and exhibit greater crown convexity, making accurate bracket placement more challenging using conventional gauges. In such situations, enhanced visualization and guidance provided by the MGBP positioner may have a more pronounced effect, resulting in significantly improved accuracy in mesial, distal, and occlusal parameters. In contrast, the relatively accessible position of incisors may explain the lack of statistically significant differences in certain measurements.
Several modified bracket positioning instruments have been introduced to improve accuracy. Droschl (1986) introduced a modification of the Boone gauge in which the sharp metal pins were replaced by pencil leads at various heights. Samuels (2005) designed the TN3™ bracket positioning instrument to facilitate bracket placement and removal of excess composite. Geron (2002) introduced a height gauge tweezer that measures bracket height simultaneously at two points, thereby minimizing angulation errors and in–out discrepancies. Sharma et al. (2011) introduced a two-dimensional bracket positioning gauge, while other modified gauges have also been reported in the literature. However, most of these instruments are designed for specific applications and may require precise positioning during use. Improper handling or variation in angulation during placement can lead to bracket positioning errors.
Aguirre et al. (1982) reported that measurement error in bracket placement was greater in angulation compared to vertical and mesiodistal positioning. Similarly, Balut et al. (1992) reported average vertical errors of 0.34 mm in placing preadjusted brackets. Ousehal and Lazrak (2011) and Mohammadi et al., (2011) evaluated bracket positioning accuracy using photographic methods; however, measurements obtained using a digital Vernier caliper have been shown to provide greater precision and reliability. The present study utilized a digital Vernier caliper for measurement, thereby enhancing the accuracy of recorded values.


5. CONCLUSION
Within the limitations of the present study, the Mirror-Guided Bracket Positioner demonstrated superior accuracy in bracket positioning compared to the conventional MBT gauge, particularly in the mesial and occlusal surfaces of central incisors, gingival surface of lateral incisors, and mesial, distal, and occlusal surfaces of canines. These findings indicate that the enhanced visualization and dual-plane guidance provided by the MGBP positioner contribute to improved precision in bracket placement. The null hypothesis was therefore rejected. Clinically, the use of the MGBP positioner may facilitate more accurate bracket positioning, potentially reducing the need for finishing adjustments and improving overall treatment efficiency. 
6. STRENGTHS AND LIMITATIONS
A notable strength of the present study is its split-mouth design, in which each participant served as their own control. This approach minimizes inter-individual variability and allows a more reliable comparison between the two bracket positioning methods. Additionally, the use of a single operator for bracket bonding and a single investigator for measurements ensured procedural consistency and reduced operator-related bias.
Nevertheless, certain limitations must be acknowledged. The present study was conducted at a single center with a relatively small sample size, which may limit generalizability. The evaluation was restricted to maxillary anterior teeth and immediate bracket positioning accuracy, without assessing long-term outcomes such as torque expression or treatment efficiency. Although procedures were standardized using a single operator, operator-dependent bias cannot be completely eliminated. Measurements obtained using a digital Vernier caliper may be subject to minor variations. Additionally, the split-mouth design, while reducing inter-individual variability, may introduce a potential crossover effect.
7. FUTURE DIRECTIONS
Future studies with larger sample sizes and multicenter designs are recommended to improve the generalizability of the findings. Long-term studies should evaluate the effect of improved bracket positioning on torque expression, treatment efficiency, and finishing outcomes. Further research should include posterior teeth, mandibular arches, and different malocclusion patterns. Comparative studies with other conventional and digital bracket positioning techniques are also warranted. The use of three-dimensional digital assessment methods may provide more precise evaluation of bracket positioning accuracy. In addition, further refinement of the MGBP design may enhance its clinical applicability and ease of use.
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