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Introduction
• Cone-beam computed tomography (CBCT) is the standard imaging technique for three-dimensional evaluation of bone anatomy, but it exposes patients to ionizing radiation and lacks soft tissue contrast. 
• Magnetic resonance imaging (MRI) provides a non-ionizing alternative that enables the visualization of both hard and soft tissues. 
• This study evaluated the effect of low-resolution (LR) and high-resolution (HR) MRI on diagnostic accuracy and image quality for digital dental implant planning in the edentulous mandible, compared with CBCT.
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Method

Digital prosthesis planning (n=3)

Meshmixer: removable 
dentures for each phantom
• Virtual artificial tooth 

library aligned
• Fiducial marker contours 

incorporated into the basal 
surface

• STL files (ridge scan and 
prosthetic planning)

Mandibular phantoms (n=3)

• Polymer fiducial markers to assist 
multimodal image alignment

• Transparent sanitary silicone to 
simulate gingival soft tissues

Intraoral scanning (n=3)

TRIOS 3 (3 Shape)

• Shapiro-Wilk, Levene
• Friedman+ Wilcoxon
• Inter-examiner 

reliability → intraclass 
correlation coefficient 
(ICC) (Altman, 1990): 
Poor (≤0.2); fair (0.21-
0.4); moderate (0.41-
0.6); good (0.61-0.8); 
very good (0.81-1.0)

• Median and IQR

Samples Dental implants planning

Measurements

Angular deviation

Axis implant vs. Occlusal plane (ZEISS INSPECT)

Linear bone measurement

Canine and first molar regions (coDiagnostiX)

• Ridge-to-mandibular canal distance
• Ridge height
• Ridge width

Image quality assessment

• 5 Anatomical structures
• 5-point visibility scale
• Grouped according to clinical usability

- Non-valid images: score ≤ 2
- Clinically valid images: score ≥ 3

SPSS 26, IBM 
(α = 0,05)

• Inter-examiner 
agreement: percentage 
agreement (%)

• Group comparison: χ²  
test 

CBCT (n=8)
3 x A / 3 x B / 

2 x C

LR (n=8)
3 x A / 3 x B / 

2 x C

HR (n=8)
3 x A / 3 x B / 

2 x C

MRI
LR (n=3)
HR (n=3)

CBCT
(n=3)

3T, Ingenia CX, 
Philips

Veraview x80, Morita, 
0,25 mm voxel

CBCT (n=32)
LR (n=32)
HR (n=32)

• Sample = Virtual patient 
(coDiagnostiX)

• Standardized samples 
(Numerical coding 
identifiers = blinding)

• DICOM files
• Alveolar ridge scan STL 

aligned to bone 
segmentations

• 2 calibrated examiners 
planned 4 implants per 
sample (n=8/modality)
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Conclusion

Measurement Modality ICC ICC 
classification

Median 
(mm) IQR Friedman

p

Alveolar 
ridge 

height

Anterior
CBCT 0.972 Very good 21.10 7.90

0.305MRI – LR 0.937 Very good 21.85 7.68
MRI – HR 0.969 Very good 22.45 7.18

Posterior
CBCT 0.957 Very good 17.20 6.03

0.717MRI – LR 0.931 Very good 18.80 5.82
MRI – HR 0.964 Very good 17.60 5.33

Alveolar 
ridge 
width

Anterior
CBCT 0.920 Very good 10.20 3.12

0.811MRI – LR 0.949 Very good 9.85 3.30
MRI – HR 0.968 Very good 9.50 3.40

Posterior
CBCT 0.827 Very good 10.00 1.85

0.646MRI – LR 0.780 Good 9.65 1.72
MRI – HR 0.969 Very good 10.05 2.60

Ridge mandibular 
canal distance

CBCT 0.837 Very good 6.30 5.73
0.740MRI – LR 0.971 Very good 5.45 5.65

MRI – HR 0.783 Good 6.70 4.78

Table 3. Linear bone measurements according to imaging modality

Structure Modality Agreement 
(%)

Not valid for 
clinical use (%)

Valid for 
clinical use (%) χ² test p

Cortical
bone

CBCT 100.00 0.00 100.00
0.344MRI-LR 75.00 12.50 87.50

MRI-HR 75.00 12.50 87.50

Trabecular 
bone

CBCT 100.00 0.00 100.00
0.132MRI-LR 50.00 25.00 75.00

MRI-HR 75.00 12.50 87.50

Mental 
foramen

CBCT 87.50 5.00 95.00
0.587MRI-LR 100.00 0.00 100.00

MRI-HR 75.00 12.50 87.50

Alveolar
ridge

CBCT 100.00 0.00 100.00
0.132MRI-LR 75.00 12.50 87.50

MRI-HR 50.00 25.00 75.00

Mandibular 
nerve canal

CBCT 60.00 20.00 80.00
0.270MRI-LR 50.00 50.00 50.00

MRI-HR 50.00 37.50 62.50

Table 4. Image quality assessment according to anatomical structure

• MRI resolution did not influence 
diagnostic accuracy, specifically 
implant angular deviation and linear 
measurements, nor image quality for 
digital implant planning in 
edentulous mandible phantoms 
when compared with CBCT. 

• However, interexaminer
disagreement was observed in image 
quality assessment.

Region Examiner Modality Median (°) IQR Friedman p

Anterior

1
CBCT 2.79 6.43

0.607MRI - LR 4.51 4.88
MRI – HR 4.39 6.39

2
CBCT 4.23 6.78

0.197MRI – LR 6.64 5.87
MRI – HR 6.80 7.02

Posterior

1
CBCT 15.42 10.30

0.687MRI – LR 16.38 8.44
MRI – HR 15.67 6.48

2
CBCT 13.93 4.34

0.417MRI – LR 13.90 8.84
MRI – HR 10.49 5.82

Table 2. Angular deviation according to anatomical region, examiner, and imaging 
modality

Results
• A total of 96 implants were digitally planned (32 per modality). 

Anatomical structures and 
prosthetic reference in dental 
implant planning software. (A) 
CBCT, (B) LR, (C) HR

Table 1. Inter-examiner reliability - angular 
deviation (ICC)

Region Imaging 
modality ICC ICC 

classification

Anterior
CBCT 0.948 Very good

MRI – LR 0.866 Very good
MRI – HR 0.584 Moderate

Posterior
CBCT 0.295 Fair

MRI – LR –0.154 Poor
MRI – HR –0.304 Poor
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