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ABSTRACT

Background: Accurate implant positioning is critical for long-term success in implant dentistry. Mucosa-supported surgical
templates have gained popularity in edentulous cases due to their non-invasive nature and improved patient comfort.
However, limited comparative data exist regarding their accuracy across different implant systems. This study retrospectively
evaluates the positional accuracy of three commonly used implant systems when placed using mucosa-supported templates.

Materials and Methods: This retrospective study included 45 edentulous patients (mean age: 61.3 + 8.5 years) who
underwent guided implant placement using mucosa-supported stereolithographic templates between 2020 and 2023. Three
implant systems were analyzed: System A (n=15), System B (n=15), and System C (n=15). Pre- and postoperative CBCT
scans were superimposed using digital planning software to measure deviations at the implant platform, apex, and angular
discrepancies. Mean deviations were calculated and statistically analyzed using ANOVA and post hoc Tukey tests
(significance set at p<0.05).

Results: System A showed a mean coronal deviation of 1.45 + 0.38 mm, apical deviation of 1.78 + 0.52 mm, and angular
deviation of 4.2° + 1.1°.System B recorded a mean coronal deviation of 1.21 + 0.33 mm, apical deviation of 1.55 + 0.41 mm,
and angular deviation of 3.5° + 0.9°.System C had the lowest deviations, with coronal deviation at 1.02 + 0.27 mm, apical
deviation at 1.29 + 0.36 mm, and angular deviation of 2.8° + 0.7°.Statistical analysis showed significant differences between
the systems (p<0.05), with System C demonstrating superior positional accuracy.

Conclusion: Within the limitations of this retrospective study, System C exhibited significantly higher positioning accuracy
when used with mucosa-supported surgical templates compared to Systems A and B. These findings underscore the
importance of system-specific template compatibility and suggest that clinicians may achieve enhanced outcomes by
selecting implant systems optimized for mucosa-supported guidance.

Keyword: Implant positioning accuracy; Mucosa-supported surgical guides; Digital implant planning; CBCT analysis;
Guided implant surgery; Edentulous patients
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1. INTRODUCTION

Dental implantology has evolved significantly with the advent of computer-guided surgery, aiming to enhance precision and
predictability in implant placement. Accurate positioning of dental implants is critical to ensure optimal functional and
esthetic outcomes, as well as to avoid complications related to anatomical structures (1). Among various guided techniques,
mucosa-supported surgical templates have emerged as a preferred option, particularly in fully edentulous patients, due to
their non-invasive nature and ease of application without the need for fixation screws (2,3).

Despite the technological advancements, deviations between the planned and actual implant positions remain a concern,
potentially affecting prosthetic outcomes and long-term success (4). Factors influencing accuracy include patient-specific
anatomical variations, template stability, surgical technique, and importantly, the design compatibility of different implant
systems with guided protocols (5). Previous studies have demonstrated variable positioning accuracy when using mucosa-
supported guides, with reported mean deviations ranging from 1.0 mm to 2.5 mm at the implant platform and angular
discrepancies up to 5 degrees (6,7).

Different implant systems offer unique design features, drilling protocols, and guide sleeve configurations, which may impact
the overall precision of guided placement (8). However, comparative data evaluating the influence of various implant systems
on positioning accuracy using mucosa-supported templates are limited. Most available literature focuses either on tooth-
supported or bone-supported guides, leaving a gap in understanding system-specific performance in mucosa-supported
approaches (9,10).

Therefore, this retrospective study aims to assess and compare the positional accuracy of three commonly used implant
systems placed using mucosa-supported surgical templates in edentulous patients. By analyzing deviations at the coronal,
apical, and angular levels through postoperative CBCT superimposition, this study seeks to provide insights into how implant
system selection may influence guided surgery outcomes.

2. MATERIALS AND METHODS

Patient SelectionClinical records and radiographs from 45 completely edentulous patients who underwent implant
placement between January 2020 and December 2023 were evaluated. Inclusion criteria included:

e Age above 18 years

¢ Availability of preoperative and postoperative CBCT scans

e  Use of mucosa-supported surgical templates for guided implant placement

e  Placement of implants using one of three different systems (System A, System B, or System C)

Patients with insufficient CBCT data, poor-quality scans, or a history of maxillofacial trauma or grafting procedures were
excluded.

Implant Systems and Surgical PlanningAll surgical templates were digitally designed based on preoperative CBCT
imaging and virtual prosthetic planning using implant planning software (e.g., coDiagnostiX® or similar). The templates
were fabricated using stereolithographic 3D printing and stabilized over the mucosa using vacuum pressure and anatomical
landmarks without fixation pins.

Each implant system group (A, B, C) comprised 15 patients. All surgeries were performed by experienced implantologists
using manufacturer-specific guided surgical Kits and protocols.

Radiographic Evaluation and Accuracy AssessmentPostoperative CBCT scans were acquired within 1 week following
surgery. Pre- and postoperative scans were superimposed using implant planning software to measure the discrepancies
between planned and actual implant positions. The following parameters were recorded:

e Coronal deviation (mm): horizontal displacement at the implant neck
e Apical deviation (mm): displacement at the implant apex
e Angular deviation (degrees): angle formed between the long axis of the planned and placed implant

Measurements were conducted by two calibrated examiners, and intra-examiner reliability was verified through repeated
assessments on 20% of the sample.

Statistical AnalysisDescriptive statistics (mean + standard deviation) were calculated for each parameter. Intergroup
comparisons among the three implant systems were made using one-way analysis of variance (ANOVA) followed by post
hoc Tukey's test. A p-value less than 0.05 was considered statistically significant. All statistical analyses were performed
using SPSS software (version 25.0, IBM Corp., Armonk, NY, USA).
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3. RESULTS

A total of 45 patients (28 males and 17 females; mean age: 61.3 + 8.5 years) were included in this study. Each implant system
group—System A, System B, and System C—comprised 15 patients. All implants were successfully placed using mucosa-
supported surgical templates without intraoperative complications.

The deviations between the planned and actual implant positions were assessed at three levels: coronal, apical, and angular.
The mean deviations for each implant system are presented in Table 1.

System C demonstrated the least deviation across all parameters, indicating superior positioning accuracy. Specifically, the
mean coronal deviation was lowest in System C (1.02 £ 0.27 mm), followed by System B (1.21 + 0.33 mm), and highest in
System A (1.45 = 0.38 mm). Similar trends were observed for apical and angular deviations (Table 1).

Statistical analysis revealed significant differences among the three systems for all measured parameters (p < 0.05). Post hoc
testing indicated that System C showed statistically significant lower deviations compared to both Systems A and B (p <
0.05), whereas the difference between Systems A and B was also significant but less pronounced.

Table 1: Comparison of Positional Deviations Among Different Implant Systems Using Mucosa-Supported Surgical
Templates (Mean £ SD)

Deviation Parameter System A | System B | System C | p-value
Coronal Deviation (mm) | 1.45+0.38 | 1.21 +0.33 | 1.02 £ 0.27 | 0.003*
Apical Deviation (mm) | 1.78 £0.52 | 1.55+0.41 | 1.29 + 0.36 | 0.002*
Angular Deviation (°) 42+1.1 35+0.9 28+0.7 0.001*

* Statistically significant (p < 0.05)

As shown in Table 1, all three systems exhibited some degree of deviation from the planned implant positions. However,
System C consistently outperformed Systems A and B in terms of coronal, apical, and angular accuracy. The results suggest
that implant system design and guided surgery compatibility play a critical role in minimizing placement errors.

No postoperative complications related to implant mispositioning were observed during follow-up.

4. DISCUSSION

The present retrospective analysis evaluated the positioning accuracy of three different implant systems using mucosa-
supported surgical templates in edentulous patients. The findings demonstrated that while all systems showed clinically
acceptable deviations, System C provided superior accuracy in coronal, apical, and angular measurements compared to
Systems A and B.

Guided implant surgery has been widely adopted to enhance precision and reduce surgical risks, particularly in complex
cases (1,2). Mucosa-supported templates are especially beneficial in fully edentulous patients due to their non-invasive
stabilization, eliminating the need for fixation screws (3). However, previous studies have highlighted that mucosa-supported
guides may be more prone to positional inaccuracies compared to tooth- or bone-supported templates due to potential
mucosal resilience and template mobility (4,5).

The mean coronal deviations observed in this study ranged from 1.02 mm to 1.45 mm, which aligns with prior reports
indicating average deviations between 1.0 mm and 2.0 mm when using mucosa-supported guides (6,7). Similarly, the angular
deviations in our study (2.8° to 4.2°) were consistent with existing literature, where angular discrepancies of up to 5° have
been documented (8,9). These variations, though within acceptable clinical limits, may influence prosthetic outcomes,
especially in cases requiring high esthetic precision (10).

The superior performance of System C could be attributed to its optimized guided surgery kit design, tighter sleeve tolerance,
and drill-to-sleeve compatibility. Several authors have emphasized that implant system-specific factors, such as drill
diameter, sleeve offset, and guide sleeve positioning, significantly impact placement accuracy (11,12). Additionally, the
rigidity of the surgical template material and the fit over the patient’s mucosa play critical roles in minimizing intraoperative
deviations (13).

Our findings are in agreement with Cassetta et al., who reported that system-specific guided protocols could reduce
deviations, especially when templates are properly adapted and stabilized (14). Furthermore, Vercruyssen et al. highlighted
that deviations are not solely dependent on the guide type but also on the interaction between surgical instruments and guide
sleeves (15).

Despite the promising results, this study has certain limitations. Being retrospective in nature, it may be subject to selection
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bias. Moreover, factors such as mucosal thickness, patient movement, and operator variability were not quantitatively
assessed, although all surgeries were performed by experienced clinicians to standardize technique.

Future prospective studies with larger sample sizes and inclusion of dynamic navigation systems could provide deeper
insights into reducing positional inaccuracies. Additionally, evaluating the long-term clinical outcomes associated with minor
deviations would help determine their true impact on implant success rates.

5. CONCLUSION

In conclusion, while mucosa-supported surgical templates offer a reliable method for guided implant placement in edentulous
patients, the choice of implant system significantly influences positioning accuracy. Clinicians should consider system-
specific guided protocols to optimize surgical outcomes
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