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Susceptibility artifacts induced 
by crowns of different materials 
with prepared teeth and titanium 
implants in magnetic resonance 
imaging
Xiaomeng Gao1,2, Qianbing Wan2 & Qingping Gao1*

This study aimed to investigate the artifacts induced by crowns composed of different materials 
with prepared teeth and titanium implants. Resin, metal-ceramic, ceramic and zirconia crowns were 
fabricated and placed onto the prepared teeth on a human cadaver head or titanium implants with 
prosthesis abutments on a dry human mandible. The samples were scanned on a 1.5 T MRI apparatus, 
and artifact areas were defined as the signal intensity and signal loss adjacent to the prosthesis and 
measured by a threshold tool with ImageJ2x. Data were analyzed using SPSS 22.0. Resin, ceramic, 
zirconia, and precious metal-ceramic crowns barely produced artifacts on the cadaver skull (p > 0.999). 
By contrast, pure Ti and nonprecious metal-ceramic crowns created significant artifacts (p < 0.001). 
The average artifacts reduction of double Au-Pt and Ag-Pd metal-ceramic crowns combined with 
titanium implants and abutments was 79.49  mm2 (p < 0.001) and 74.17  mm2 (p < 0.001) respectively, 
while artifact areas were increased in double Co-Cr and Ni–Cr metal-ceramic crowns by 150.10  mm2 
(p < 0.001) and 175.50  mm2 (p < 0.001) respectively. Zirconia, ceramic and precious metal-ceramic 
crowns induce less MRI artifacts after tooth preparation while precious metal-ceramic crowns alleviate 
artifacts in combination with titanium implants.

Abbreviations
MRI  Magnetic resonance imaging
ICC  Intraclass correlation coefficient
Au-Pt  Gold-platinum
Ag-Pd  Silver-palladium
Ti  Titanium
Co-Cr  Cobalt-chromium
Ni–Cr  Nickel–chromium

Magnetic resonance imaging (MRI) of the head and neck is widely used to diagnose tumours and other lesions 
in the oral cavity, temporomandibular joint and salivary  gland1–5. However, susceptibility artifacts, also referred 
to as metal artifacts, are caused by differences in susceptibility between a prosthesis and the adjacent tissue, 
thereby inducing inhomogeneity in a magnetic  field6. Metallic prostheses, such as different kinds of full crowns 
and titanium implant restorations may distort images during MRI examinations and hence interfere with clini-
cal  diagnosis7–9.

Crowns, bridges and implant restorations are commonly-used fixed prosthesis and have been the major treat-
ment options in prosthodontics. New inventions and innovations have brought new materials with improved 
physiochemical and aesthetic performances to satisfy patients’  needs10. All-ceramic crowns have become a supe-
rior treatment alteration to metal-ceramic crowns with better aesthetic properties and comparable survival 
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 rates11,12. Titanium implants are also stable and well-known prostheses for missing teeth and have gained clinical 
preference because of their desirable biomechanics, biocompatibility and non-invasive  properties13,14.

Some studies have found that dental materials could cause different metal artifacts in MRI mainly depending 
on their  susceptibilities15–17. A recent study has investigated the artifacts of three kinds of commercial dental 
spherical alloys with different diameters in a Ni-doped agarose  solution18. This study revealed that the suscep-
tibility artifacts of alloys decreased with the magnetic susceptibility. However, the investigations on artifacts 
caused by all-ceramic crowns are insufficient. Besides, the shape of the materials also influenced the susceptibility 
artifacts in  MRI19. Most of the studies have applied the spherical or cylindrical materials and only a few have 
taken the shape of the crowns into  consideration18,20,21. Studies have been conducted to investigate the MR arti-
facts of titanium  implants9,15,22. Titanium implants were generally accepted to induce mild to moderate artifacts 
compared with other metallic  prostheses7,20. However, the implant restorations are combined with prosthesis 
abutments, screws and crowns in clinical setting. A study has investigated the artifacts induced by crowns of dif-
ferent materials with titanium implants and revealed that precious alloy- and zirconia-based implant-supported 
crowns could induced the least MRI  artifacts23. Besides, a research has proposed that combining two materials of 
different magnetic susceptibility (diamagnetic and paramagnetic) has the desired effective magnetic susceptibility 
 artifacts6. Based on their results, we included more kinds of crowns of different materials and tried to clarify the 
reason for the susceptibility artifacts caused by the different  materials23,24.

As such, this research initially investigated the areas and distribution patterns of susceptibility artifacts 
induced by commonly-used dental crowns in MRI. We hypothesized that ceramic, zirconia and precious metal-
ceramic crowns would produce insignificant artifacts on the prepared teeth, while nonprecious metal-ceramic 
crowns would induce significant artifacts in MRI compared with resin crowns. In addition, when combined with 
titanium implants, artifact size would be reduced with diamagentic metal-ceramic crowns and increased with 
paramagnetic metal-ceramic crowns. Besides, this work aimed to compare and analyze the artifacts of crowns 
alone and those combined with implants in a simulated anatomical environment. Understanding of the areas 
and distribution patterns of susceptibility artifacts would lead to a better knowledge of the influence on diagnosis 
and help to a comprehensive selection of dental materials.

Methods
Crown and implant materials. Nine kinds of crown materials and two titanium implants with prosthesis 
abutments were selected to cover a broad spectrum of clinically used prostheses. The detailed information on 
these materials is presented in Table 1.

Phantom design. The study was conducted following the guidelines of Helsinki Declaration and with per-
mission from the Medical Ethic Committee of Xiangya Hospital of Central South University (approval number: 
201610068).

The cadaver used was collected from Anatomy Laboratory in Central South University with informed consent 
waiver statement and was approved for use in the study from the Medical Ethic Committee of Xiangya Hospital of 
Central South University. The dry human mandible was also collected from the Anatomy Laboratory in Central 
South University. Tooth preparations, silicon rubber (Aquasil Ultra, Dentsply, St. York, PA, USA) impression of 
the two premolars and the first molar in the mandible were made in accordance with the standard procedure. 
Crowns with nine different materials with the same size and shape were cast before putting onto the teeth. 
Titanium implants, abutments were placed after implant oval preparations in the mandibular right premolar 

Table 1.  Composition and manufacturers of used crowns and implants. For all metallic porcelain crowns, the 
components above only include the metallic parts, and their porcelain parts were composed of silicon dioxide 
[52%–62%], alumina [11.6%–13.5%], potassium oxide [9.6%–11.3%] and sodium oxide [4.75%–5.37%].

Samples Main composition Vendor

Resin crown Acrylic resin, polymethyl methacrylate Shanghai Second Hospital (Shanghai, China)

Ni–Cr metal-ceramic crown Nickel: 58%–60%, chromium: 22%–24%, molybdenum: 
9%–10%, niobium: 1.5%–2.5%, silicon: 1.5%–2.5%

Harbin Qianluda Medical instrument Co., Ltd. (Harbin, 
China)

Ag-Pd metal-ceramic crown Silver: 46%, palladium: 42.9%, gold: 2%, indium: 8% Grikin Advanced Material Co., Ltd. (Beijing, China)

Pure Ti metal-ceramic crown Titanium: 99.64%, oxygen: 0.051%, iron: 0.016% Shanxi Xijing Medical instrument Co., Ltd. (Shanxi, 
China)

Co-Cr metal-ceramic crown Cobalt: 61%, chromium: 26%, molybdenum: 5%, tungsten: 
5%, silicon: 1% American Argen Corporation (San Diego, USA)

Au-Pt metal-ceramic crown Gold: 82.6%; platinum: 11.5%; zinc: 1.5%; tantalum, ruthe-
nium, manganese ≤ 0.1% Grikin Advanced Material Co., Ltd. (Beijing, China)

Ti alloy metal-ceramic crown Nickel: 58%, chromium: 24%, molybdenum: 10%, titanium: 
4%–6%, silicon: 1%

Shanxi Xijing Medical Instrument Co., Ltd. (Shanxi, 
China)

Zirconia crown Zirconia: 94%–95%, iridium oxide: 4.5%-5.5%, alu-
mina ≤ 0.5%

Liaoning Aierchuang Biomedical Material Co., Ltd. 
(Liaoning, China)

Ceramic crown Silica: 70%, potassium oxide: 12%, lithium oxide: 11%, 
magnesium oxide (5%), other oxides (2%)

Harbin Qianluda Medical Instrument Co., Ltd. (Harbin, 
China)

Titanium implants (length: 8 mm, diameter: 4.1 mm)/pros-
thesis abutments

Titanium based on ASTMF67, oxygen: < 0.4%, iron: < 0.2%, 
carbon: < 0.08%, nitrogen: < 0.03%, hydrogen: < 0.015% Straumann (Basel, Switzerland)
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region (Fig. 1). Crowns of the implants were fabricated and placed onto the titanium abutments afterwards. The 
compositions of the nine dental materials used in the dry human mandible were in accordance with those used 
in the human cadaver.

A plastic container filled with gelatine was used because its signal was similar to that of soft tissue, and a resin 
holder was applied to help locate the skull or the dry mandible during  examination17,25,26.

Imaging. All of the specimens were scanned through MRI (GE Healthcare, Waukesha, WI, USA). The scan-
ning parameter details are listed in Table 2. When analyzing the images, we chose a horizontal plane transverse 
the zygomatic arch and tubera maxillare as the reference plane in the skull. As for the implant-supported crowns 
in the mandible, the plane transverse the entry zone of the left and right alveolar nerve tubes were set as the ref-
erence plane to ensure the identical planes for consecutive measurements. All of the operations were performed 
by one professional to ensure that the scanning plane traversed the same coronal position. Each specimen was 
scanned thrice, and the image files were saved in DICOM for analysis.

Image analysis. Uncompressed images in DICOM were transferred in ImageJ2x (National Institute of 
Health, Bethesda, MD, USA). The areas of the artifacts were calculated within the same horizontal plane as the 
anatomical marks. The region of interest (ROI) was drawn such that it corresponded to a distorted region from 
visual inspection and was compared with the ROI in the images with no dental materials with the correspond-
ing pixel  position27. Artifacts were defined as the signal intensity and signal loss adjacent to the prosthesis. For 
artifact size quantification, the voxels beyond the mean background intensity and three times the respective 
standard deviation were defined as signal intensity, whereas the voxels within the mean signal loss intensity and 
three times the respective standard deviation were classified as signal loss according to a previous  study8,21,23,26. 

Figure 1.  Zirconia crowns of premolars after fabrication (a) and a dry human mandible after implant insertion 
and zirconia crown restoration (b).

Table 2.  Details of MRI scanning parameters.

Parameter Sequence
Field of View 
(FOV)

Thickness 
(THK) Spacing (SP) TR/TE Matrix

Number of 
Excitations 
(NEX)

Echo Train 
Length (ETL)

Bandwidth 
(BW)

Details FRFSE-T2WI 20 mm × 20 mm 3 mm 1.5 mm 2500 ms/106.6 ms 288 × 192 pixels 1 16 25 Hz/pixel
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First of all, we selected the ROI around the implant or the abutment in the image (Fig. 2a). Secondly, the thresh-
old was set as the voxels within the mean signal loss intensity and three times the respective standard deviation 
and beyond the mean background intensity and three times the respective standard deviation (Image-Adjust-
Threshold) (Fig. 2b, d). Then the areas were then measured respectively (Analyze-Measurement) (Fig. 2c, e). 
All of the images were measured by one professional. Each image was examined thrice, and the mean value and 
deviations were recorded. Twenty images selected randomly were re-measured after 20 days.

Statistical analysis. Intraclass correlation coefficient (ICC) was employed to evaluate the reliability of the 
artifact areas of the 20 images measured in 20 days and repetition of the three scans for the same specimen. As 
resin was reported to induce almost no susceptibility artifacts, the resin crowns were set as control in the follow-
ing  analysis26. As for implant group, the blank group was set as control. Meanwhile, one-way ANOVA or t-test 
analysis was performed to compare multiple means of samples in SPSS 20.0 (Statistical Package for the Social 
Sciences, v22.0; IBM, Armonk, NY, USA). P < 0.05 indicated significant differences.

Figure 2.  The artifacts areas measurement procedures. The artifacts areas measurement procedures. Selection 
of the ROI around the implant or the abutment in the image (a). Set the threshold (Image-Adjust-Threshold) (b, 
d). Measure the artifact areas of signal loss and signal intensity respectively (Analyze-Measurement) (c, e).
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Ethical approval and consent to participate. All procedures performed in studies were in accordance 
with the 1964 Helsinki Declaration and approved by the Medical Ethic Committee of Xiangya Hospital of Cen-
tral South University (Approval Number: 201610068).

Results
The ICC for multiple images were 0.997 and the ICC for multiple measurements were 0.999. The results revealed 
that the resin crown barely produced artifacts, and its signal was similar to that of the surrounding soft tissue 
(Fig. 3a). Precious metal-ceramic (gold-platinum, Au-Pt and silver-palladium, Ag-Pd), ceramic and zirconia 
crowns produced slight artifacts. Moderate arc-shaped artifacts could be observed around pure Ti (pure titanium) 
metal-ceramic crowns. The hypodense signal was presented in the lingual sides around the pure Ti metal-ceramic 
crowns and break the continuity of the lingual images. However, the artifacts did not interfere with the normal 
structure of peridentium of neighbouring teeth, the buccal tissues or the brain tissues. More artifacts were 
shown in nonprecious metal-ceramic (titanium alloy, Ti alloy; cobalt-chromium, Co-Cr; nickel–chromium, 
Ni–Cr) crowns with similar distribution patterns (Fig. 3). Apart from the hypodense signal at the lingual sides, 
the hyperdense signal was detected at the buccal sides around these crowns, which interfered with the images of 
buccal soft tissues. Besides, three crowns generated much more image distortion than the single one (Fig. 3b). 

Figure 3.  Artifacts induced by single (a) or three crowns (b) of nine different materials in the human cadaver in 
FRFSE-T2WI (White circles indicate the areas affected by artifacts).
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The quantitative analysis of areas of the artifacts induced by the crown group is presented in Fig. 4. Resin, zir-
conia, Au-Pt meta-ceramic, Ag-Pd metal-ceramic and ceramic crowns barely produced susceptibility artifacts 
(p > 0.999). Single pure Ti metal-ceramic, Ti alloy metal ceramic, Co-Cr metal-ceramic, Ni–Cr metal-ceramic 
crowns produced 31.833  mm2—44.616  mm2 artifacts around teeth (p < 0.001) and when three crowns were placed 
onto the prepared teeth, the areas of artifacts rose significantly (p < 0.001).

When titanium implants were placed into the mandible, hypodense circular distortion were showed at both 
the buccal and lingual aspects with hyperdense artifacts detected at the lingual side around the hypodense signal 
(Fig. 5). The distortion did not appear at the peridentium areas of neighbouring teeth or interfere with the nor-
mal structure of other teeth or the mandibular ramus. Quantitative analysis revealed that one implant induced 
112.460 ± 6.818  mm2 areas of artifacts and 156.407 ± 5.706  mm2 areas artifacts were produced after one more 
implant insertion. The difference was significant (p = 0.001) (Fig. 6).

After the titanium implants and prosthesis abutments were placed, the resin, ceramic and zirconia crown 
restorations all caused evident image distortion in MRI (Fig. 7). The addition of pure Ti, Ti alloy, Co-Cr and 
Ni–Cr metal-ceramic crowns increased the areas of artifacts. Artifact areas enlarged as the number of prosthe-
sis increased (Fig. 8). Double Co-Cr and Ni–Cr metal-ceramic crowns increased artifact areas by 150.10  mm2 
(p < 0.001) and 175.50  mm2 (p < 0.001) respectively. Nevertheless, the least artifacts were observed in the Au-Pt 
metal-ceramic crowns for the titanium implants. The double Ag-Pd metal-ceramic crowns also presented 79.49 
 mm2 and 74.17  mm2 areas artifacts reduction than those induced by the resin crowns and the reduction was 
significant (p < 0.001) when combined with titanium implants (Figs. 7, 8).

Discussion
Head and neck MRI serves as the most commonly used auxiliary examination for diagnosing tumors and other 
lesions in the maxillofacial  region1–5. To investigate the possible artifacts produced by oral prosthesis in MRI, 
we included commonly-used crowns with nine different materials and titanium implants to compare the sus-
ceptibility artifacts. The hypothesis was not rejected in our investigation. Resin, ceramic, zirconia and precious 
metal-ceramic crowns could produce few artifacts on the prepared teeth. However, when combined with titanium 
implants, Au-Pt and Ag-Pd metal-ceramic crowns would decrease the artifacts that titanium implants produced. 
Artifact size was increased in Pure Ti, Ti alloy, Ni–Cr and Co-Cr metal-ceramic crowns.

1.5 T MRI is clinically used for the evaluation of the oral tissue, and this technique was reported to cause fewer 
susceptibility artifacts than 3 T MRI does at the same imaging parameters for the common dental  materials4,28,29. 
Therefore, 1.5 T MRI was applied in the experiment. The susceptibility artifacts of single-metal objects in den-
tistry have been investigated using in vitro models or a porcine  jaw16,18,22,30. A previous study has investigated 
the artifacts induced by four kinds of cylindrically shaped materials. It classified resin, glass ionomer cement as 
fully compatible materials, amalgam, gold alloy, gold-ceramic materials, titanium causing comparatively strong 
distortions as compatible materials and steel orthodontic appliances and Co-Cr as non-compatible  materials15. 
The resin, zirconia, ceramic and precious metal-ceramic crowns exhibited almost no artifacts according to our 
investigation. By contrast, the pure Ti metal-ceramic produced moderate artifacts and nonprecious metal-ceramic 

Figure 4.  Quantitative analysis of artifacts produced by the single or three crowns of nine different materials. 
(#P < 0.05, ##P ≤ 0.01, and ###P ≤ 0.001 between each group. *, **, and *** indicate significant differences in 
comparison with the resin group. * P < 0.05, ** P ≤ 0.01, and *** P ≤ 0.001).
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crowns on the prepared teeth created severely distorted images. In the transverse plane, there was a decrease in 
signal density at the lingual aspect of the crowns and an increase at the buccal side induced by the Ti alloy por-
celain crowns. The distortion patterns were similar in the Co-Cr and Ni–Cr metal-ceramic crowns with larger 
areas. The artifacts were positively associated with the number of prosthesis. These results were consistent with 
those of previous  studies15,22,31.

For the implants placement, we used a dry human mandible with gelatine to create surroundings similar to 
those of the oral cavity. Given the consistency of gelatine in the phantom, a crown can be located, and the effect of 
interference with air can be  eliminated31. Titanium implants could generate moderate artifacts with circular low-
dense signal at both the lingual and buccal aspects and high-dense signal at lingual sides. A recent study has also 
investigated the artifacts induced by titanium implants of different diameters and height. The research found that 
titanium implants could generate circular or “clover-like” artifacts, which was in consistence with our  results32.

Figure 5.  Susceptibility artifacts generated by titanium implants in a dry human mandible FRFSE-T2WI (red 
arrows indicate the artifacts).

Figure 6.  Quantitative analysis of the artifacts induced by titanium implants in the dry human mandible 
(###P ≤ 0.001 between each group).



8

Vol:.(1234567890)

Scientific Reports |          (2022) 12:428  | https://doi.org/10.1038/s41598-021-03962-w

www.nature.com/scientificreports/

When full crowns were combined with titanium implants and abutments, different results were observed 
compared with prepared teeth. Significant artifacts were detected in the crown plane in MRI regardless of the 
material of the full crowns. The resin crowns induced significant signal voids in the crown plane with the tita-
nium implants and abutments, whereas no artifacts were observed in resin crowns with the prepared teeth. The 
non-uniformity of the results in the tooth-supported group and the implant-supported group could be attributed 
to the difference in susceptibility between prepared teeth and titanium abutments. The results suggested that 
titanium abutments altered the precession frequencies of protons and caused the signal loss and spatial distor-
tions at the adjacent areas.

Nevertheless, the artifacts reduced significantly when titanium implants were combined with precious metal-
ceramic crowns. A framework of nonprecious metal-ceramic crowns supported by titanium implants still induced 
the most evident artifacts. A previous study has observed that precious metal and zirconia crowns are favourable 
in terms of low artifacts in compared with the nonprecious metal crowns with titanium  implants23. Furthermore, 
we have observed the reduction of artifacts in titanium implant-supported Au-Pt and Ag-Pd crowns. When tita-
nium, a paramagnetic material with a susceptibility of 182 ppm, was combined with diamagnetic materials, such 
as gold (susceptibility: − 34 ppm) and silver (susceptibility: − 24 ppm), whose susceptibilities are stronger than 
those of resin (susceptibility: − 11 ppm to − 7 ppm), diminished artifacts were noted in the  MRI6,33. A research 
also observed reduced artifact size when a paramagnetic NiTi implant was coated with diamagnetic grapheme 
oxide and carbon nanotubes, which was in consistence with our  results34. On the contrary, when titanium was 
united with other paramagnetic materials, such as nickel (susceptibility: 600 ppm), chromium (susceptibility: 
320 ppm) and cobalt (susceptibility: 250 ppm), artifacts  increased6,35. The zirconia and ceramic crowns combined 

Figure 7.  Images of the artifacts produced by one or two titanium restorations with nine different materials in 
the dry human mandible in FRFSE-T2WI (red arrows indicate the artifacts).
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with titanium implants did not show significant artifacts reduction. Even though the susceptibility of silica (sus-
ceptibility: − 16.3 ppm) was stronger than resin, ceramic crowns did not reduced artifacts generated by titanium 
implants significantly. That was probably because ceramic crowns are composed of 70% of silica and 30% of other 
metal oxides. The addition of other oxides might affect the susceptibility of ceramic crowns, further influenced 
the results in MRI. The susceptibility of zirconia (susceptibility: − 8.3 ppm) was quite close to that of resin, so no 
obvious artifacts reduction was observed. Moreover, the difference of the volume and shape between titanium 
abutments and crowns also influenced the artifacts distribution, which made the situation more  complicated19. 
The observation indicated that when an upper restoration was required after titanium implant placement, dia-
magnetic materials would be favourable for less artifacts in MRI.

In our study, the inconspicuous artifacts were detected in the implant plane but obvious image distortion was 
shown in the crown plane. That was probably because the disparity in susceptibility between dental materials 
and surrounding environments were different, as the titanium implant was surrounded by mandibular alveolar 
bone and the upper restorations were surrounded by gelatine.

This study is characterised by some limitations. A dry human mandible and surrounding gelatine were utilized 
to compare the artifacts induced by titanium implants and crowns. Gelatine could not represent the anatomic 
structures in vivo and the susceptibility of gelatine and oral cavity was not identical, which might compromise 
the results. There was only one set of crowns of different materials. More repetition for the materials should be 
included in the further research. A small field of view (FOV) was utilized in this study, as a smaller FOV induces 
less susceptibility artifacts. A larger and more clinically-relevant FOV should be included in the future study. 
Besides, the scanning parameters may have an effect on the artifact size but only one sequence was utilized in the 
study. More MRI scanning parameters are needed in the future. Only 1.5 T MRI was investigated in our study 
and more researches on 3 T MRI should be included to get a more comprehensive result. Besides, the artifact 
areas were measured by one professional, which might cause some random errors. Further validation in patients 
investigations with two or more investigators analyzing the images are required in this matter.

In conclusion, resin, zirconia, ceramic, precious metal-ceramic crowns barely produce susceptibility artifacts 
with prepared teeth and nonprecious metal-ceramic crowns would generate signal loss at the lingual aspect of the 
crowns and an increase at the buccal side and the artifacts would interfere with the buccal mucosa and tongue. 
After titanium implants insertion, circular signal voids were generated, whereas Au-Pt and Ag-Pd metal-ceramic 
crowns could alleviate the susceptibility artifacts.
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References
 1. Asaumi, J. et al. The value of dynamic contrast-enhanced MRI in diagnosis of malignant lymphoma of the head and neck. Eur. J. 

Radiol. 48, 183–187. https:// doi. org/ 10. 1016/ S0720- 048X(02) 00347-9 (2003).

Figure 8.  Quantitative analysis of the artifacts produced by the single or double crowns of nine different 
materials combined with titanium implants and abutments in MRI (#P < 0.05, ##P ≤ 0.01, and ###P ≤ 0.001 between 
each group. *, **, and *** indicate significant differences in comparison with the resin group. * P < 0.05, ** 
P ≤ 0.01, and *** P ≤ 0.001).

https://doi.org/10.1016/S0720-048X(02)00347-9


10

Vol:.(1234567890)

Scientific Reports |          (2022) 12:428  | https://doi.org/10.1038/s41598-021-03962-w

www.nature.com/scientificreports/

 2. Matsuzaki, H. et al. Minor salivary gland tumors in the oral cavity: Diagnostic value of dynamic contrast-enhanced MRI. Eur. J. 
Radiol. 81, 2684–2691. https:// doi. org/ 10. 1016/j. ejrad. 2011. 11. 005 (2012).

 3. Hisatomi, M. et al. Diagnostic value of dynamic contrast-enhanced MRI in the salivary gland tumors. Oral Oncol. 43, 940–947. 
https:// doi. org/ 10. 1016/j. oralo ncolo gy. 2006. 11. 009 (2007).

 4. Park, M. et al. Application of Dynamic Contrast-Enhanced MRI Parameters for Differentiating Squamous Cell Carcinoma and 
Malignant Lymphoma of the Oropharynx. Am. J. Roentgenol. 206, 401–407. https:// doi. org/ 10. 2214/ AJR. 15. 14550 (2016).

 5. Junn, J. C., Soderlund, K. A. & Glastonbury, C. M. Imaging of Head and Neck Cancer With CT, MRI, and US. Semin. Nucl. Med. 
51, 3–12. https:// doi. org/ 10. 1053/j. semnu clmed. 2020. 07. 005 (2021).

 6. Schenck, J. F. The role of magnetic susceptibility in magnetic resonance imaging: MRI magnetic compatibility of the first and 
second kinds. Med. Phys. 23, 815–850. https:// doi. org/ 10. 1118/1. 597854 (1996).

 7. Smeets, R. et al. Artefacts in multimodal imaging of titanium, zirconium and binary titanium-zirconium alloy dental implants: 
An in vitro study. Dentomaxillofac. Radiol. 46, 20160267. https:// doi. org/ 10. 1259/ dmfr. 20160 267 (2017).

 8. Cortes, A. R., Abdala-Junior, R., Weber, M., Arita, E. S. & Ackerman, J. L. Influence of pulse sequence parameters at 1.5 T and 3.0 
T on MRI artefacts produced by metal-ceramic restorations. Dentomaxillofac. Radiol. 44, 20150136. https:// doi. org/ 10. 1259/ dmfr. 
20150 136 (2015).

 9. Shafiei, F., Honda, E., Takahashi, H. & Sasaki, T. Artifacts from dental casting alloys in magnetic resonance imaging. J. Dent. Res. 
82, 602–606. https:// doi. org/ 10. 1177/ 15440 59103 08200 806 (2003).

 10. Saeed, F. et al. Prosthodontics dental materials: From conventional to unconventional. Mater. Sci. Eng. C Mater. Biol. Appl. 106, 
110167. https:// doi. org/ 10. 1016/j. msec. 2019. 110167 (2020).

 11. Sailer, I., Makarov, N. A., Thoma, D. S., Zwahlen, M. & Pjetursson, B. E. All-ceramic or metal-ceramic tooth-supported fixed 
dental prostheses (FDPs)? A systematic review of the survival and complication rates. Part I: Single crowns (SCs). Dent. Mater. 
31, 603–623. https:// doi. org/ 10. 1016/j. dental. 2015. 02. 011 (2015).

 12. Pjetursson, B. E. et al. A systematic review of the survival and complication rates of zirconia-ceramic and metal-ceramic single 
crowns. Clin. Oral Implants Res. 29(Suppl 16), 199–214. https:// doi. org/ 10. 1111/ clr. 13306 (2018).

 13. Xi, D. & Wong, L. Titanium and implantology: A review in dentistry. J. Biol. Regul. Homeostat. Agents 35, 63–72 (2021).
 14. Revilla-Leon, M., Sadeghpour, M. & Ozcan, M. A Review of the Applications of Additive Manufacturing Technologies Used to 

Fabricate Metals in Implant Dentistry. J. Prosthodont. 29, 579–593. https:// doi. org/ 10. 1111/ jopr. 13212 (2020).
 15. Tymofiyeva, O. et al. Influence of dental materials on dental MRI. Dentomaxillofac. Radiol. 42, 20120271. https:// doi. org/ 10. 1259/ 

dmfr. 20120 271 (2013).
 16. Starcukova, J., Starcuk, Z. Jr., Hubalkova, H. & Linetskiy, I. Magnetic susceptibility and electrical conductivity of metallic dental 

materials and their impact on MR imaging artifacts. Dent. Mater. 24, 715–723. https:// doi. org/ 10. 1016/j. dental. 2007. 07. 002 (2008).
 17. DemirturkKocasarac, H. et al. Evaluation of artifacts generated by titanium, zirconium, and titanium-zirconium alloy dental 

implants on MRI, CT, and CBCT images: A phantom study. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 127, 535–544. https:// 
doi. org/ 10. 1016/j. oooo. 2019. 01. 074 (2019).

 18. Kajima, Y. et al. Influence of magnetic susceptibility and volume on MRI artifacts produced by low magnetic susceptibility Zr-14Nb 
alloy and dental alloys. Dent. Mater. J. 39, 256–261. https:// doi. org/ 10. 4012/ dmj. 2018- 426 (2020).

 19. Ernstberger, T., Heidrich, G. & Buchhorn, G. Postimplantation MRI with cylindric and cubic intervertebral test implants: Evalu-
ation of implant shape, material, and volume in MRI artifacting—An in vitro study. Spine J 7, 353–359. https:// doi. org/ 10. 1016/j. 
spinee. 2006. 03. 016 (2007).

 20. Knott, P. T. et al. A comparison of magnetic and radiographic imaging artifact after using three types of metal rods: Stainless steel, 
titanium, and vitallium. Spine J. 10, 789–794. https:// doi. org/ 10. 1016/j. spinee. 2010. 06. 006 (2010).

 21. Klinke, T. et al. Artifacts in magnetic resonance imaging and computed tomography caused by dental materials. PLoS ONE 7, 
e31766. https:// doi. org/ 10. 1371/ journ al. pone. 00317 66 (2012).

 22. Eggers, G. et al. Artefacts in magnetic resonance imaging caused by dental material. MAGMA 18, 103–111. https:// doi. org/ 10. 
1007/ s10334- 005- 0101-0 (2005).

 23. Hilgenfeld, T. et al. Artefacts of implant-supported single crowns - Impact of material composition on artefact volume on dental 
MRI. Eur. J. Oral Implantol. 9, 301–308 (2016).

 24. Hilgenfeld, T. et al. PETRA, MSVAT-SPACE and SEMAC sequences for metal artefact reduction in dental MR imaging. Eur. Radiol. 
27, 5104–5112. https:// doi. org/ 10. 1007/ s00330- 017- 4901-1 (2017).

 25. Duttenhoefer, F. et al. Magnetic resonance imaging in zirconia-based dental implantology. Clin. Oral Implants Res. 26, 1195–1202. 
https:// doi. org/ 10. 1111/ clr. 12430 (2015).

 26. Destine, D., Mizutani, H. & Igarashi, Y. Metallic artifacts in MRI caused by dental alloys and magnetic keeper. Nihon Hotetsu Shika 
Gakkai Zasshi 52, 205–210. https:// doi. org/ 10. 2186/ jjps. 52. 205 (2008).

 27. Bui, F. M., Bott, K. & Mintchev, M. P. A quantitative study of the pixel-shifting, blurring and nonlinear distortions in MRI images 
caused by the presence of metal implants. J. Med. Eng. Technol. 24, 20–27. https:// doi. org/ 10. 1080/ 03091 90002 94003 (2000).

 28. Matsuura, H. et al. Quantitative analysis of magnetic resonance imaging susceptibility artifacts caused by neurosurgical biomateri-
als: Comparison of 0.5, 1.5, and 3.0 Tesla magnetic fields. Neurol. Medico-Chirurgica 45, 395–398. https:// doi. org/ 10. 2176/ nmc. 
45. 395 (2005) (discussion 398–399).

 29. Olsrud, J., Lätt, J., Brockstedt, S., Romner, B. & Björkman-Burtscher, I. M. Magnetic resonance imaging artifacts caused by aneu-
rysm clips and shunt valves: Dependence on field strength (1.5 and 3 T) and imaging parameters. J. Magn. Reson. Imaging 22, 
433–437. https:// doi. org/ 10. 1002/ jmri. 20391 (2005).

 30. Murakami, S. et al. A standardized evaluation of artefacts from metallic compounds during fast MR imaging. Dentomaxillofac. 
Radiol. 45, 20160094. https:// doi. org/ 10. 1259/ dmfr. 20160 094 (2016).

 31. Buch, S. et al. Susceptibility mapping of air, bone, and calcium in the head. Magn. Reson. Med. 73, 2185–2194. https:// doi. org/ 10. 
1002/ mrm. 25350 (2015).

 32. Bohner, L. et al. Magnetic resonance imaging artifacts produced by dental implants with different geometries. Dentomaxillofac. 
Radiol. 49, 20200121. https:// doi. org/ 10. 1259/ dmfr. 20200 121 (2020).

 33. Imai, H. et al. Three-dimensional quantification of susceptibility artifacts from various metals in magnetic resonance images. Acta 
Biomater. 9, 8433–8439. https:// doi. org/ 10. 1016/j. actbio. 2013. 05. 017 (2013).

 34. Han, T. et al. Reduction of magnetic resonance image artifacts of NiTi implant by carbon coating. Mater. Sci. Eng. C Mater. Biol. 
Appl. 98, 1–8. https:// doi. org/ 10. 1016/j. msec. 2018. 12. 072 (2019).

 35. Muller-Bierl, B., Graf, H., Steidle, G. & Schick, F. Compensation of magnetic field distortions from paramagnetic instruments by 
added diamagnetic material: Measurements and numerical simulations. Med. Phys. 32, 76–84. https:// doi. org/ 10. 1118/1. 18286 74 
(2005).

Author contributions
X.G. and Q.G. designed the study, prepared and reviewed the manuscript. X.G. also conducted the experiments. 
Q.W. performed the literature search and data analysis. All authors read and approved the final manuscript.

https://doi.org/10.1016/j.ejrad.2011.11.005
https://doi.org/10.1016/j.oraloncology.2006.11.009
https://doi.org/10.2214/AJR.15.14550
https://doi.org/10.1053/j.semnuclmed.2020.07.005
https://doi.org/10.1118/1.597854
https://doi.org/10.1259/dmfr.20160267
https://doi.org/10.1259/dmfr.20150136
https://doi.org/10.1259/dmfr.20150136
https://doi.org/10.1177/154405910308200806
https://doi.org/10.1016/j.msec.2019.110167
https://doi.org/10.1016/j.dental.2015.02.011
https://doi.org/10.1111/clr.13306
https://doi.org/10.1111/jopr.13212
https://doi.org/10.1259/dmfr.20120271
https://doi.org/10.1259/dmfr.20120271
https://doi.org/10.1016/j.dental.2007.07.002
https://doi.org/10.1016/j.oooo.2019.01.074
https://doi.org/10.1016/j.oooo.2019.01.074
https://doi.org/10.4012/dmj.2018-426
https://doi.org/10.1016/j.spinee.2006.03.016
https://doi.org/10.1016/j.spinee.2006.03.016
https://doi.org/10.1016/j.spinee.2010.06.006
https://doi.org/10.1371/journal.pone.0031766
https://doi.org/10.1007/s10334-005-0101-0
https://doi.org/10.1007/s10334-005-0101-0
https://doi.org/10.1007/s00330-017-4901-1
https://doi.org/10.1111/clr.12430
https://doi.org/10.2186/jjps.52.205
https://doi.org/10.1080/030919000294003
https://doi.org/10.2176/nmc.45.395
https://doi.org/10.2176/nmc.45.395
https://doi.org/10.1002/jmri.20391
https://doi.org/10.1259/dmfr.20160094
https://doi.org/10.1002/mrm.25350
https://doi.org/10.1002/mrm.25350
https://doi.org/10.1259/dmfr.20200121
https://doi.org/10.1016/j.actbio.2013.05.017
https://doi.org/10.1016/j.msec.2018.12.072
https://doi.org/10.1118/1.1828674


11

Vol.:(0123456789)

Scientific Reports |          (2022) 12:428  | https://doi.org/10.1038/s41598-021-03962-w

www.nature.com/scientificreports/

Funding
This research was financed by Key research program of Sichuan Science and Technology Department (Grant 
No. 21ZDYF1797).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Q.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Susceptibility artifacts induced by crowns of different materials with prepared teeth and titanium implants in magnetic resonance imaging
	Methods
	Crown and implant materials. 
	Phantom design. 
	Imaging. 
	Image analysis. 
	Statistical analysis. 
	Ethical approval and consent to participate. 

	Results
	Discussion
	References


