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[Abstract] Objective To evaluate the performance of 5T magnetic resonance imaging (MRI) in visualizing dental
pulp and periodontal ligament (PDL) tissues in vivo in the young adult population, thereby providing a basis for the ap-
plication of high-field MRI technology in clinical oral examinations. Methods The study was approved by the Ethics
Committee of the hospital. A total of 15 healthy volunteers (413 permanent teeth altogether) were recruited and under-
went full-mouth 5T MRI scans. Among them, six volunteers (168 permanent teeth) also received both 3T MRI and cone-
beam computed tomography (CBCT) scans. Two dental specialists independently evaluated the imaging quality of the
dental pulp and PDL on the images using a 5-point Likert scale and recorded the number of detectable root canals for
each tooth. Inter-rater agreement was assessed using weighted kappa statistics and intraclass correlation coefficient
(ICC). Non-parametric tests were employed to compare differences in imaging performance among different tissue struc-
tures, tooth positions, and imaging modalities. Results 5T MRI can achieve in vivo imaging for most dental pulp tis-
sues and partial periodontal membrane structures. There was a high level of agreement between the two raters in their
imaging scores for the dental pulp and PDL (dental pulp x = 0.934, PDL k = 0.737). The imaging scores for dental pulp
were significantly higher than those for PDL (P < 0.001), and the scores for molar dental pulp were lower than those for
premolars and anterior teeth. In the multimodal comparison involving six volunteers, the raters showed good consistency
in scoring dental pulp and PDL imaging across 5T MRI, 3T MRI, and CBCT, as well as in root canal counts (5T MRI
for dental pulp k = 0.971, 3T MRI for dental pulp x = 0.933, CBCT for dental pulp k = 0.964; 5T MRI for PDL « =
0.625, 3T MRI for PDL k = 0.667, CBCT for PDL « = 0.571; ICC for root canal counts all > 0.990). The imaging scores
for dental pulp and PDL using 5T MRI were significantly higher than those using 3T MRI (dental pulp: P < 0.001;
PDL: P = 0.022), but there was no statistically significant difference in the detection rate of the number of root canals
between the two (P > 0.05). Although the imaging scores for dental pulp and PDL as well as the detection rate of the
number of root canals with 5T MRI were inferior to those with CBCT (dental pulp: P < 0.001; PDL: P = 0.02; number of
root canals: P < 0.05), 5T MRI can truly achieve "direct imaging" of these two soft tissues. Conclusion 5T MRI en-
ables effective in vivo direct imaging of dental pulp and PDL tissues in the young adult population, indicating its poten-
tial clinical application value in the diagnosis and treatment of pulp and periodontal diseases.

[Key words] ST magnetic resonance imaging; 3T magnetic resonance imaging; cone-heam computed tomogra-
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Table 1  The imaging parameters of MRI

Imaging modality ~ Scanning direction ~ TR/ms TE /ms Time/s

ST MRI Axial 2498 78.4 208
Sagittal 2946  100.32 92
Coronal 2753 78.4 232
3T MRI Axial 3 886 99.52 311
Sagittal 3588 99.52 188
Coronal 3 886 99.52 311

TR: long repetition time; TE: long echo time; 5T MRI: 5T magnetic reso-

nance imaging; 3T MRI: 3T magnetic resonance imaging
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a: axial section at the cervical region of maxil-
lary posterior teeth. The yellow box shows a
partial enlarged view. The white arrow indi-
cates the mesial gingiva of the right maxillary
first molar. The yellow arrows point to the
coronal pulp of the right maxillary first molar
and second premolar. The orange arrows high-
light the dentin of the right maxillary first
molar and second premolar; b: axial section

at the apical region of maxillary posterior

teeth. The yellow box shows a partial enlarged view. The pink arrow indicates the mesial alveolar bone of the right maxillary first molar. The yellow

arrows point to the radicular pulp of the mesial and distobuccal roots of the right maxillary first molar, as well as the radicular pulp of the right

maxillary second premolar. The green arrows highlight the periodontal ligament of the mesial and distobuccal roots of the right maxillary first

molar. 5T MRI: 5T magnetic resonance imaging

Figure 1 5T MRI images of oral tissues

B 1 5T MRIXF #4023 6 i A% 380
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a: 5T MRI; b: 3T MRI; ¢: CBCT. CBCT cannot directly image the pulp tissue. Instead, the low-density shadow in the center of the tooth indirectly

reflects the pulp within the pulp chamber and root canals. The yellow box shows a partial enlarged view. The yellow arrows indicate the pulp tissue

in the right mandibular first molar. d: comparison of overall dental pulp imaging scores across different imaging modalities; e: comparison of dental

pulp imaging scores for anterior teeth across different imaging modalities; f: comparison of dental pulp imaging scores for premolars across different

imaging modalities; g: comparison of dental pulp imaging scores for molars across different imaging modalities. *P < 0.05; **P < 0.001. 5T MRI:

5T magnetic resonance imaging; 3T MRI: 3T magnetic resonance imaging; CBCT: cone-beam computed tomography
Figure 2 Imaging performance of dental pulp observed by ST MRI, 3T MRI, and CBCT scanning methods
B2 ST MRI.3T MRI.CBCT 4395 77 30 F i) A B AU ASA0 R
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BRHZES LG22 L (P>0.05) (K 3).
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a: ST MRI; b: 3T MRI; ¢: CBCT. The yellow box shows a partial enlarged

ST MRI 3T MRI . CBCT

@
I

view. The yellow arrows point to the root canals of the mandibular anterior

é teeth. d: comparative analysis of the number of detectable root canals across
§ 3 ] imaging modalities for different tooth positions. “P < 0.05. 5T MRI: 5T mag-
“‘i ) ] E netic resonance imaging; 3T MRI: 3T magnetic resonance imaging; CBCT:
E I [ o cone-beam computed tomography

ZS 1 I 1 I Figure 3 Number of detectable root canals observed by 5T MRI,

0 3T MRI, and CBCT scanning methods
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a: 5T MRL b: 3T MRI; ¢: CBCT. The yellow box shows a partial enlarged view. The green

@

PDL imaging score
ST SR S
.

5T MRI 3T MRI CBCT

Imaging modality

arrows point to the periodontal ligament of the maxillary left canine (the periodontal liga-
ment is not clearly visible on this slice on the 3T MRI image). CBCT cannot directly display
the periodontal ligament. Therefore, the periodontal ligament space, appearing as a linear
low-density shadow surrounding the tooth root, is used here as an indirect representation of
I the periodontal ligament. d: comparison of PDL imaging quality scores across imaging mo-
dalities. "P < 0.05. 5T MRI: 5T magnetic resonance imaging; 3T MRI: 3T magnetic reso-
nance imaging; CBCT: cone-beam computed tomography; PDL: periodontal ligament

Figure 4 Imaging performance of PDL using 5T MRI, 3T MRI, and CBCT scan-

ning methods
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