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Abstract

Magnetic resonance imaging (MRI) demonstrates no radiation exposure and non-invasive
techniques, easily provides desired cross-sectional images, and achieves high contrast images between
soft tissues used in the medical field, and thus is recognized as one of important diagnostic imaging
techniques. In the assessment of neurogenic lesions, MRI is frequently used for screening for brain
tumors and acute strokes as an indispensable instrument for diagnostic imaging in the brain lesions.
Dental materials produce metal artifacts which are serious problems in diagnostic of brain region
using MRI. However, there are few reports about the effect of metal artifacts caused by orthodontic
appliances on brain MRI. The purpose of this study was to evaluate brain MRI distortion caused by
orthodontic appliances.

For the first part of the study, subjects consisted of 9 types of orthodontic appliance. Six MRI
sequences, which are commonly employed in the brain MR examinations, were used for this study on
1.5 Tesla MRI using phantom. The range dimension of metal artifacts on each image was measured on
CRT.

In addition, for the second part of the study, MRI was performed in 10 subjects and after insertion 3
kind of orthodontic appliances (typel-3), the MRI were compared. Type 1 used resin brackets in the
incisor teeth, stainless steel brackets in the premolar teeth and stainless steel single tube in the molar
teeth. Type 2 used ceramic brackets in the incisor teeth, titanium brackets in the premolar teeth and
titanium single tube in the molar teeth. Type 3 used ceramic brackets with CoCr alloy clip in the
incisor teeth, titanium brackets in the premolar teeth and titanium single tube in the molar teeth. Each
MR sequence consisted of 6 sequences. Two neurosurgeons assessed the MRI for distortion in
predetermined regions of the brain.

The results were as follows:

1. Band with welded single tube, direct-bonding single tube, metal bracket, resin bracket and

stainless steel wire which have ferromagnetism, caused the significant metal artifacts. Brackets



of ceramic, titanium, wire of nickel-titanium and cobalt-chromium produced slight metal
artifacts. The largest dimensions of metal artifacts were diffusion weighted imaging (DWI)

sequences in scanning MRI sequence.

2. In Type 1, MRI by neither DWI nor FFE is feasible in these sites. SE-T1, TSE-T2, FLAIR and
STIR had Score 1 of 50% to 100% at all of the anatomical sites, indicating the feasibility for
MRIL

3. In Type 2 and Type 3, Score 1 was as high as 85% to 100% by all imaging types and at all of
the anatomical sites, indicating the feasibility for MRI imaging in the brain.

These results indicate that ceramic brackets, titanium brackets, and direct-bonding titanium tubes
cause minimal distortion of brain MRI. It was thus demonstrated that self-ligating brackets
primarily composed of paramagnetic material and diamagnetic material would be thus unlikely to
interfere with brain MRL

Particularly, it is necessary to use the orthodontic appliance which avoided ferromagnetic materials
for an orthodontic treatment patient after 40s that the onset frequency of the cerebro-vascular

disease increases.
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Table 1

Composition of the orthodontic appliance

DB-ceramic-2 | Bracket Aluminivm oxide 100%
Clip Co 33.5% ,Ni31.4-33.4% , Cr 19.5~20.5%
Mo 9.5~10.5% ., Other
DB-resin Bracket PC PET 100%
Metal insert Fe 66.5~71% , Cr 18~20%, Ni 8~10.5%
Other
DB-metal Fe 64~70% , Cr 15~17%, Ni 3~5%
DB-1-tube Cu 3~5% , Other
weld-1-tube | Tube Fe 64~70% , Cr 15~17%, Ni 3~3%
Cu 3~3% , Other
Band Fe 66.5% , Cr 18-20%, Ni 8~10.5%
Other
DB-Ti Ti 100%
S8 Fe 66.5% , Cr 18~20%, Ni 8~10.5%
Other
NiTi Ni 50.5%, Ti 49.5%
CoCr Co 40% , Cr 20% , Fe 16%

Ni 15% , Other

3

Table 2 Magnetic resonance imaging parameters

Sequence TR TE FOV Slice Thickness Matrix Turbo Factor TI
(msec) (msec) (mm) (mm) (msec)
DWI 3000 80 250 5 128
FFE-T1 585 10 220 5 256
SE-T1 585 10 220 5 288 1
TSE-T2 4440 100 220 5 352 13
STIR 1500 60 220 5 320 15 180
FLAIR 7000 100 220 5 256 32 2600
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Table 3~ Composition of the orthodontic appliances

Trade name Company Bracket type Composition

Crystaline TOMY International DB-ceramic Aluminium oxide 100%
CLIPPY TOMY International DB-ceramic-2 Bracket: Aluminium oxide 100%,
Clip: Co 33.5% ,Ni31.4-33.4%, Cr 19.5-20.5%

Esther MB TOMY International DB-resin Bracket: PC PET 100
Metal insert: Fe 66.5-71% , Cr 18-20%, Ni 8-10.5%
OPA-K TOMY International DB-metal Fe64-70% , Cr 15-1%, Ni 3-5%, Cu 3-5%
OPA-K TOMY International DB-tube-SS Fe64-70% , Cr 15-1%, Ni 3-3%, Cu 3-5%
Orthos Ormco DB-Ti Ti 90%
Orthos Ormco DB-tube-Ti Ti 90%

DB, Direct bonding; SS, stainless steel; tube, single tube.

Table 4 Orthodontic appliances used in this study

Appliances Incisor Premolars Molars
Typel DB-resin DB-metal DB-tube-ss
Type2 DB-ceramic DB-Ti DB-tube-Ti
Type3 DB-ceramic-2 DB-Ti DB-tube-Ti

DB, Direct bonding, SS, stainless steel; tube, single tube.

Table 5  Anatomic region on MRI

1. Cerebellum 5. Ventricle
2. Medula oblongata 6. Frontal lobe
3. Pituitary gland 7. Temporal lobe

4. Midbrain / Pons 8. Occipital lobe
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Table 6  Distortion classification on MRI

score  Image appearance Diagnostic/nondiagnostic

1 No artifact Diagnostic

2 Minimal artifact Diagnostic

3 Moderate artifact Moderately diagnostic
4 Severe distortion Nondiagnostic

Table 7 Maximum length of Metal artifacts by orthodontic appliances

(mm)

Sequence | weld-1-tube DB-1-tube DB-metal DB-resin  DB-ceramic-2 DB-Ti
DWI 115.73 114.57 110.37 50.67 12.82 14.22
FFE-T1 73.58 68.70 66.55 30.75 8.55 11.30
SE-T1 64.28 59.42 57.63 26.40 5.45 8.52
TSE-T2 64.00 59.35 57.46 26.35 5.52 8.57
STIR 73.58 65.48 64.25 29.23 6.53 9.37
FLAIR 57.60 57.23 56.59 22.80 5.65 6.30
Sequence SS NiTi CoCr

DWI 68.30 13.75 15.52

FFE-T1 42.43 13.17 13.83

SE-T1 38.37 11.43 12.27

TSE-T2 37.85 11.55 12.45

STIR 41.60 12.45 13.22

FLAIR 34.75 11.18 11.47
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Table 8 Percentage of Score 1 image with metal artifacts by type of appliance: MRI

sequences and anatomic region (%)

DWI FFE-T1 SE-T1
Anatomic region Typel  Type2  Type3 Typel  Type2  Type3 Typel  Type2  Type3
Cerebellum 0 100 90 *t 80 95 95 90 100 95
Medula oblongata 0 100 90 *1 65 95 95 *1 85 100 95
Pituitary gland 0 95 85 *t 15 95 95 *t 60 100 95 *t
Midbrain / Pons 0 100 90 *t 70 95 95 *t 95 100 95
Ventricle 0 100 90 *t 55 95 95 *t 95 100 95
Frontal lobe 0 100 90 *t 10 95 95 *t 85 100 95
Temporal lobe 5 100 90 *t 20 95 95 *t 60 100 95 *t
Occipital lobe 5 100 90 *t 95 95 95 100 100 95
TSE-T2 STIR FLAIR
Anatomic region Typel  Type2  Type3 Typel  Type2  Type3 Typel  Type2  Type3
Cerebellum 90 95 100 95 100 100 95 95 95
Medula oblongata 85 95 100 95 100 100 95 95 95
Pituitary gland 50 95 100 *t 85 100 100 90 95 95
Midbrain / Pons 95 95 100 100 100 100 100 95 95
Ventricle 100 95 100 100 100 100 100 95 95
Frontal lobe 85 95 100 90 100 100 85 95 95
Temporal lobe 55 95 100 *t 55 100 100 *t 85 95 95
Occipital lobe 95 95 100 100 100 100 100 95 95

* : Significant difference between Typel and Type2 (P<0.05), 1 : The difference between Typel and Type3 (P<0.05).
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Fig. 1 Orthodontic appliances
a: DB-ceramic-2  b: DB-resin  c¢: DB-metal d: DB-Ti  e: DB-1-tube
f: weld-1-tube g: SS h: NiTi i: CoCr

(a) (b)

Fig.2 DB-ceramic-2 (CLIPPY-C)
a: Clip Open b: Clip close
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(b)

Fig. 3 Phantom of this study
Phantom made of acrylic plastic with an internal dimension of 20.0cm.
An acrylic stick with 10 mm in diameter in central position (a).

The orthodontic appliance is fixed in the end of the acrylic stick (b).

Fig. 4 Measurement of metal artifact on MRI
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Fig. 5 Measuring result of Metal artifacts by weld-1-tube, DB-resin,

and DB-ceramic-2
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Fig 6-1. Brain MRI under no orthodontic appliance (control)
A:DWI  B:FFE-T1 C:SE-T1 D : TSE-T2
E: STIR  F: FLAIR

Fig 6-2. Brain MRI of Type 1
A:-DWI  B:FFE-T1 C:SE-T1 D : TSE-T2
E: STIR  F: FLAIR
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