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Abstract

Objective The aim of this study was to display and quantify signal loss artifacts in 1.5T and 3T brain MRI on a volunteer
with different orthodontic appliances.

Materials and Methods In this experimental study, three different orthodontic appliances were examined on a 1.5T and a 3T
MRI scanner in a healthy adult with normal dental occlusion: stainless-steel brackets paired with a nickel-titanium archwire;
brackets, archwire, and stainless-steel molar bands; brackets, archwire, molar bands, and a stainless-steel trans-palatal arch-
wire. Assessment of diverse anatomical structures, including different cerebral structures and blood vessels, was conducted
using a six-point Likert scale.

Results Utilizing conventional stainless-steel brackets and a nickel-titanium archwire, with or without the inclusion of
stainless-steel molar bands, all cerebral structures demonstrated satisfactory assessability with high diagnostic quality under
both 1.5T and 3T MRI. For example, with an average rating of 85/85 for T2 and 77/85 for susceptibility-weighted imaging
(SWI). Upon introduction of the stainless-steel trans-palatal archwire, additional artifacts were observed, predominantly
manifesting in SWI (20/85), diffusion-weighted imaging (DWI) sequences (31/85), and phase contrast angiography (PCA)
(17/20). Differences in artifact severity were mainly observed in the SWI and DWI sequences.

Conclusion Based on the findings of this study, it is not imperative to entirely remove orthodontic appliances to achieve
sufficient diagnostic quality in brain MRI. In instances where SWI or DWI sequences are necessitated, the removal of solely
the trans-palatal stainless-steel archwire should be contemplated, given its straightforward execution.

Clinical Relevance These results highlight the potential to reduce injury risk during orthodontic appliance removal, expedite
imaging procedures, and consequently accelerate diagnostic processes, particularly crucial in emergencies.

Keywords Orthodontic Appliances - Magnetic Resonance Imaging - Brain MRI artifacts - Diagnostic quality -
Susceptibility-weighted imaging

Magnetic Resonance Imaging (MRI) of the head and brain
represents a non-invasive imaging technique devoid of ion-
izing radiation exposure. MR imaging holds broad applica-
bility, particularly in the diagnostic assessment of central
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nervous system disorders. In adolescents, this primarily
encompasses the identification of inflammatory conditions
such as encephalitis and meningitis, tumors, vascular dis-
eases, or trauma [1].

The main magnetic field of an MR scanner imparts sub-
stantial forces upon objects composed of metals and alloys
exhibiting ferromagnetic characteristics [2]. Multiple metal-
lic implants introduce magnetic field inhomogeneities,
resulting in image artifacts [3]. These artifacts manifest as
geometric distortions and are discernible as dark voids or
conspicuous areas of signal saturation within the images [4].
The severity and dimensions of these artifacts are contingent
upon the magnetic properties, spatial alignment, and dimen-
sions of the implants [5, 6].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00784-025-06275-8&domain=pdf

202 Page2of11

Clinical Oral Investigations (2025) 29:202

Within the realm of orthodontics, approximately
30—35% of adolescents require treatment with a fixed
orthodontic appliance [7].

Previous investigations have indicated that orthodontic
appliances induce artifacts in MRI scans. To preemptively
mitigate any diagnostic delays, numerous centers opt for the
prophylactic removal of these appliances before conducting
MRI examinations. However, the extraction of such ortho-
dontic devices heightens the potential for hard tissue injuries
and contributes to an escalation in overall treatment costs.
This, in turn, amplifies the financial and biological burdens
associated with the procedure [8, 9].

Despite the well-established knowledge that fixed multi-
bracket orthodontic appliances induce image artifacts in MR
images, the precise severity and impact on image quality
reduction remain uncertain from the present literature [10].
Sadowsky et al. [11] and Hinshaw et al. [12] have observed
that artifacts induced by stainless steel brackets and wires
do indeed introduce some distortion to MR brain images.
However, these distortions typically do not compromise the
diagnostic quality of the images. In contrast, several addi-
tional studies have substantiated that orthodontic appliances
have the potential to render brain MR images non-diagnos-
tic [13, 14].

While 1.5T scanners are commonly employed, 3T scan-
ners have emerged as a prevalent alternative due to their
capacity for enhanced image resolution and improved image
quality, particularly for neuroimaging. Nevertheless, it is
worth noting that 3T scanners may present drawbacks in
terms of metal artifacts. The severity of these artifacts ampli-
fies in proportion to the magnetic field strength, thereby
prompting discussions concerning the compatibility of
orthodontic appliances with both 1.5T and 3T scanners [15].

Zhylich et al. [16] stated that the impact of orthodontic
appliances on head MR images varies depending on fac-
tors such as the type of appliance, the specific region being
imaged, and the applied MR sequences.

The principal objective of the current investigation was
to determine if it is possible to adequately assess the brain
and the adjacent structures on both, 1.5T and 3T MRI, using
three different commonly used fixed orthodontic appliances,
attached directly onto the teeth.

Materials and methods

For the investigations of this self-experiment study, a vol-
untary healthy 28-year-old female participant was recruited.
The subject exhibited normal skeletal and dental characteris-
tics. All 28 permanent teeth were fully erupted, without any
metallic restorations or root canal treatments.

The appliances were directly attached to the participant's
teeth and scanned consecutively in both a 1.5T and a 3T
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MRI, respectively. The following fixed orthodontic appli-
ances were examined:

[Experiment 1]

Stainless-steel brackets (Bio Quick, Forestadent, Pforz-
heim, Germany)

+ nickel-titanium archwire 0.014 x 0.025 inch
(Forestadent, Pforzheim, Germany)

[Experiment 2]

Stainless-steel brackets

+ nickel-titanium archwire 0.014 x 0.025 inch
(Forestadent, Pforzheim, Germany)

+ stainless-steel molar bands (Forestadent, Pforzheim,
Germany)

[Experiment 3]

Stainless-steel brackets

+ nickel-titanium archwire 0.014 x 0.025 inch
(Forestadent, Pforzheim, Germany)

+ stainless-steel molar bands (Forestadent, Pforzheim,
Germany)

+ stainless-steel trans-palatal archwire (0.032 inch)

The brackets were bonded directly to all the 28 the par-
ticipant's teeth in the upper and lower jaw using acid-etch
technique, following a standardized procedure, and adher-
ing to the manufacturer's instructions. Stainless-steel molar
bands were attached to the first molars in the upper jaw on
both sides using KetacCem (3M Espe, St Paul, MN, USA).
The trans-palatal archwire was previously made by a den-
tal technician and was inserted into the designated palatal
locks of the molar bands and secured with a ligature. A
0.014 % 0.025 inch nickel-titanium archwire was convention-
ally ligated buccally.

MRI protocol

The examinations were conducted on a 1.5T (MAGNETOM
Aera, Siemens Healthineers, Erlangen, Germany) and a 3T
(MAGNETOM Skyra, Siemens Healthineers, Erlangen, Ger-
many) whole body MRI system, equipped with a 20-channel
phased array head coil. A predefined, standardized protocol
for each MRI system was used. Detailed sequence param-
eters are summarized in Table 1.

The following anatomical brain structures were exam-
ined: frontal, parietal, temporal, and occipital lobes, basal
ganglia, mesencephalon, pons, cerebellum, the third, fourth
and lateral ventricles and sella. The orbit, ethmoidal, sphe-
noidal, and maxillary sinuses, and nasopharynx were studied
structures of the facial skull. In addition, the following ves-
sels were assessed: internal carotid artery (ICA), anterior
cerebral artery (ACA), middle cerebral artery (MCA), pos-
terior cerebral artery (PCA), vertebral artery (VA), basilar
artery (BA), superior sagittal sinus (SSS), transverse sinus
(TS), sigmoid sinus (SS), and internal cerebral veins (ICV).
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Table 2 Assessment of artifacts obtained in the 1.5T

Anatomical structure Brackets Brackets + Molar Bands Brackets + Molar Bands + TPA
Imaging sequence (‘:’:;af:) T2 | Timp | OWI | Swi | TIRM | T2 | Timp | OWi | swi | TIRM | T2 | Timp | DWI | swi | TIRM
Frontal lobe 67 4 2
Parietal lobe 75
Temporal lobe 67 4 4 4 2
Occipital lobe 74
Basal ganglia 67 4 i 0
Mesencephalon 65.5 4 0 1
Pons 64.5 4 0 0
Cerebellum 69.5 2
Lateral ventricles 72
Third ventricle 67 4 0
Fourth ventricle 66.5 1.5 0
Sella 65 0 0
Orbit 58 4 4 0 0
Ethmoidal sinuses 60.5 0 0
Sphenoidal sinus 62.5 4 0 0
Maxillary sinus 50 4 1 0 0 0
Nasopharynx 49 1 1 0 0
(ar:":;a::) 85 | 82 85 | 79 | 85 | 845 | 8 |85 | 76 | 845 | 76 | 675 | 29 | 19 | 81

Anatomical structure 0: not visible; 1: minimally visible; 2: tolerably visible; 3: fairly visible; 4: visible; 5: clearly visible

all three experiments. The strongest artefacts occur after
introducing supplementary molar bands [Experiment 3].

The strongest artifacts are observed in SWI as shown in
Figs. 2 and 3, respectively.

Tables 4 and 5 show the assessment of artifacts in the
vascular system due to the three different orthodontic
appliances obtained in the 1.5T and 3T scanner. It has been
observed that the diagnostic quality of cerebral veins was
restricted in Phase Contrast Angiography (PCA), specifi-
cally at a field strength of 3T (see Table 5).

We observed a high agreement between the two raters
across both field strengths and different orthodontic appliances
(kappa=0.926, p <0.001).

Discussion

To the best of our knowledge, this study represents the first
exploration of the extent of artifacts in brain MRI, caused
by commonly used orthodontic appliances in MRI with
different filed strengths.

@ Springer

The present investigation demonstrates that the assess-
ment of all cerebral and vascular structures was mostly
excellent in the 1.5T and 3T MRI scanner and in all
sequences using only conventional brackets, Ni-Ti arch-
wire and molar bands. When adding a trans-palatal arch-
wire, brain structures in all sequences could be assessed
to at least a moderate level except for the SWI and DWI
sequence. The diagnostic quality of cerebral veins in
phase-contrast-angiography was restricted to the 3T MRI.

We can conclude that the evaluation of the anatomical
structures of interest, was at least moderately assessable on
T2 weighted, T1 MPRAGE, FLAIR and TOF images, for
each orthodontic appliance. This suggests that sufficient
structural image analysis of the brain can be performed ini-
tially with all orthodontic appliances [17, 18]. The ability
to evaluate T1 (MPRAGE) sequences allows administra-
tion of contrast agents, which greatly improves visualiza-
tion of blood-brain-barrier [19] and primary or metastatic
brain tumors [17]. Adequate evaluation of T2 weighted
images and of FLAIR in combination with the T1-weighted
sequences can clarify the questions of inflammation such as
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Table 3 Assessment of artifacts obtained in the 3T scanner

Anatomical structure Brackets Brackets + Molar Bands Brackets + Molar Bands + TPA
Imaging sequence (::;af:) 72 | Timp | DWi | swi | TIRM | T2 | Timp | OWi | Swi | TIRM | T2 | Timp | DWI | swi | TIRM
Frontal lobe 67.5 4 4
Parietal lobe 75
Temporal lobe 67.5 4 4 4 2 2
Occipital lobe 74
Basal ganglia 69.5 0.5
Mesencephalon 68 2 1
Pons 64.5 4 0 0
Cerebellum 69 2 2
Lateral ventricles 72
Third ventricle 68 0
Fourth ventricle 68.5 2 1.5
Sella 63.5 4 0 0
Orbit 58 4 0 0
Ethmoidal sinuses 57 0 0
Sphenoidal sinus 58 4 0 0
Maxillary sinus 49 4 0 0 0 0
Nasopharynx 51.5 1 0 0 2
(?1‘1’:;383:) 85 | 82 | 8 | 795 | 85 |8a5| 85 |85 | 73 | 85 |685 | 735 | 32 | 215 | 765

Anatomical structure 0: not visible; 1: minimally visible; 2: tolerably visible; 3: fairly visible; 4: visible; 5: clearly visible

Fig.1 Comparison of repre-
sentative slices of a sagittal T1 Experiment 1 Experiment 2 Experiment 3

weighted image (MPRAGE) Brackets Brackets + molar bands Brackets + molar bands + TPA
from all three volunteer Experi-
ments acquired at 1.5T and 3T

@ Springer
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Fig.2 Comparison of repre-
sentative slices of an axial SWI
image from all three volunteer
Experiments acquired at 1.5T
and 3T

Experiment 1
Brackets

Fig.3 Comparison of represent-
ative slices of a reconstructed
sagittal SWI image from all
three volunteer Experiments
acquired at 1.5T and 3T

Experiment 1
Brackets

encephalitis and meningitis [20-22]. Preliminary assessment
for possible vascular pathogenesis such as intracranial occlu-
sions, intracranial aneurysm, and vascular malformations of
the central nervous system is also feasible by adding the
TOF sequence [23, 24] with all used orthodontic appliances
included a stainless-steel trans-palatal archwire.

Another determining factor in the generation of metal-
related artifacts during MRI imaging is the selected pulse
sequence, which relates to the type and severity of metal-
related artifacts. Spin-echo (SE) sequences employ 180°
radiofrequency pulses for refocusing, which serve to correct
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Experiment 3
Brackets + molar bands + TPA

Experiment 2
Brackets + molar bands

Experiment 3
Brackets + molar bands + TPA

Experiment 2
Brackets + molar bands

static or fixed magnetic field inhomogeneities. In contrast,
Gradient echo (GRE) sequences use gradient fields for refo-
cusing, making them more prone to field inhomogeneities.
The predominant reason for signal loss in GRE imaging is
intravoxel dephasing [25]. Examining metal-ceramic restora-
tions revealed a notable distinction between images obtained
through GRE and SE pulse sequences [26]. GRE images
display significantly more artifacts compared to SE [25-27].

SWI and DWI sequences are sensitive to metal artifacts:
SWI sequence is a GRE sequence and is therefore particu-
larly sensitive to compounds that distort the local magnetic
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Table 4 Assessment of artifacts . Brackets +
in the vascular system due to Anatomical Brackets Brackets + Molar Bands +
brackets obtained in the 1.5- structure Molar Bands TPA
Tesla scanner Imaging average
sequence (max 15)
Internal carotid
artery 13.5
Anterior 15 0
cerebral artery o5
Middle cerebral 15 .
artery
Posterior 15 15
cerebral artery 2
Vertebral 15
artery
Basilar artery 11
Superior 15
sagittal sinus
Transverse
sinus 15
Sigmoid sinus 12.5
Cerebral veins 14.5
average 29.5/30

Anatomical structure 0: not visible; 1: minimally visible; 2: tolerably visible; 3: fairly visible; 4: visible;

5: clearly visible

Table5 Assessment of artifacts . Brackets +
in the vascular system due to Anatomical Brackets Brackets + Molar Bands +
brackets obtained in the 3-Tesla structure Molar Bands TPA
scanner Imaging average
sequence (max 15)
Internal carotid 14
artery 0
Anterior 14 0.5
cerebral artery 2
Middle cerebral 15
artery 15
Posterior 15 2
cerebral artery o5
Vertebral artery 15
Basilar artery 12.5
Superior 15
sagittal sinus
Transverse
sinus 15
Sigmoid sinus 14
Cerebral veins 10.5
average 29.5/30

Anatomical structure 0: not visible; 1: minimally visible; 2: tolerably visible; 3: fairly visible; 4: visible;

5: clearly visible

field [28]. Furthermore, for SWI, the magnitude and phase of
the GRE sequence are combined which further increase the
sensitivity for metal induced artifacts. The DWI sequence is
very sensitive to changes in water diffusion for which strong
diffusion sensitive gradients are required. DWI sequence are
strongly associated with the occurrence of image distortion
caused by susceptibility shifts [13, 29].

SWI technique is used for depiction of intraparenchymal
hemorrhages [30], differentiation of late-stage blood prod-
ucts [31, 32] as well as of internal vascular architecture [17].

For traumatic brain injuries, the SWI technique stands out as
more effective than other approaches when it comes to iden-
tifying and characterizing the quantity, dimensions, volume,
and spatial distribution of hemorrhagic lesions commonly
observed in cases of diffuse axonal injury, particularly those
involving the brainstem [33-35]. DWI sequences are applied
in suspected acute ischemic stroke [36], as it has the capabil-
ity to reveal ischemic changes as early as 11 min following
the onset of a stroke [37]. Besides, DWI is widely employed
in oncological contexts, serving as a tool for evaluating
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treatment responses and monitoring the disease progres-
sion, and for detecting white matter diseases [38]. When
it comes to diagnosing acute signs of stroke or intracranial
hemorrhage, the DWI and SWI sequences are the method
of choice. Phase-contrast magnetic resonance angiography
(PC MRA) serves the purpose of observing the flow of both
arteries and veins. It is employed to assess conditions like
intracranial occlusions, intracranial aneurysms, and vascular
malformations [39]. Notably, no contrast agent is required,
and it offers advantages in scenarios involving hemorrhaging
compared to the TOF technique [39, 40]. Conversely, the
extended data acquisition time may increase vulnerability
to motion artifacts [41].

Based on our self-experimentation, we suggest that
when evaluating acute signs of stroke or intracranial hem-
orrhage through MRI, it is challenging to assess indica-
tions accurately in the presence of an orthodontic appli-
ance with a stainless-steel trans-palatal archwire, even
at 1.5T. Nevertheless, we found that interpreting images
exclusively with brackets and molar bands provides suf-
ficient clarity for assessment at both 1.5T and 3T. In cases
unrelated to stroke or intracranial hemorrhage, common
indications can be effectively evaluated without requir-
ing the use of SWI and DWI sequences. This implies that
there is no necessity to remove brackets, molar bands, or
the trans-palatal archwire for the assessment of these com-
mon indications.

The selection of radiological imaging modality in the
head region primarily depends on the clinical question,
the ability of the chosen method to visualize the relevant
structures, and its availability. Ultrasound is often the ideal
and superior technique for evaluating superficial soft tis-
sues, such as lymph nodes, salivary glands, and cutaneous
structures. It is also useful for the acute diagnosis of orbital
conditions. Specialized exams like angiography or sialogra-
phy are minimally affected by dental implants. The advan-
tage of Cone Beam Computed Tomography (CBCT) over
conventional Computed Tomography (CT) for visualizing
teeth and jaws lies in its higher resolution, while CT is bet-
ter suited for imaging soft tissues. Generally, CT has long
been known for its shorter acquisition times and broader
availability compared to MRI. It reliably detects intracra-
nial hemorrhages, for instance, and offers high-resolution
images of bone structures, while MRI excels in soft tissue
contrast but is more time-consuming [42]. Today, metal arti-
facts can be significantly reduced with advanced techniques
such as dual-energy CT [43] or photon-counting detector CT
[44]. CT of the skull is recommended as an initial diagnos-
tic test in children suspected of child abuse [45]. However,
whenever possible, MRI should be preferred for imaging
the brain in pediatric cases, as it can detect not only intrac-
ranial trauma sequelae but also ocular hemorrhage in cases
of child abuse [46]. Moreover, it avoids radiation exposure.

@ Springer

Intracranial MRI is clearly the preferred modality for imag-
ing hemorrhages, tumors, inflammatory diseases, or vascular
pathologies.

One notable advantage of this study is the explicit com-
parison between images acquired on a 1.5T and a 3T MRI
system. No substantial differences in artifact severity were
observed between the field-strengths in Experiment 1 and
2, enabling the utilization of any MRI system based on its
availability. However, our results show that in Experiment
3, more artifacts occurred at 1.5T, particularly in the T1
MPRAGE, DWI, and SWI sequences. In contrast, the T2 and
TIRM sequences at 1.5T exhibit fewer artifacts in Experi-
ment 3.

Stronger artifacts in SWI at 1.5T are likely due to the
thicker slices (2.2 mm at 1.5T vs. 1.8 mm at 3T), a lower
bandwidth (80 Hz at 1.5T vs. 120 Hz at 3T) and longer
echo time (40 ms at 1.5T vs. 20 ms at 3T). All these factors
together will favor stronger artifacts at 1.5T compared to 3T.
Furthermore, also the T1 MPRAGE and DWI sequence have
lower band with at 1.5T compared to 3T, which make them
more prone to artifacts.

Although both SWI and DWI sequences, which exhib-
ited the most artifacts, were acquired in a transverse image
orientation, there is no definitive evidence to establish
a clear association between imaging plane and artifact
occurrence.

The interactions between orthodontic appliances and MRI
have been extensively studied, with particular focus on ther-
mal effects and potential impacts on bracket stability. Recent
research indicates that these concerns are largely unwar-
ranted for most orthodontic appliances. Thermal effects
due to radiofrequency heating during MRI have been found
to be minimal, with temperature increases generally well
below the threshold for tissue damage or patient discomfort
[47, 48]. Studies have shown that the temperature increase
in metallic brackets and wires is clinically insignificant
and typically ranging from 0.05 °C to 2.4 °C for brackets
and 0.42 °C to 1.74 °C for wires [49]. Even at a magnetic
field strength of 3T, the temperature rise remains modest,
with mean increases of about 1-2 °C [49]. This low level of
heating poses negligible risk to patients and does not com-
promise the integrity of the orthodontic appliances or their
mounting to teeth [49, 50]. Overall, these findings support
the conclusion that patients with orthodontic appliances can
safely undergo MRI in most cases, though individual assess-
ment remains advisable [47, 51].

It is important to note, that we used clinical sequences,
which are optimized to generate the best image contrast for
each field strength rather that optimized for minimal arti-
fact occurrence. Additionally, the volunteer did not experi-
ence changes in temperature or feelings of traction on the
implants during the MRI scans.
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Limitation: Only three specific dental appliance con-
ditions were examined solely in one individual without a
known pathology in one of the investigated structures. Fur-
ther investigation needs to be conducted in a larger cohort
and with different orthodontic appliances are needed, to
confirm the general validity.

Conclusion

In conclusion, the necessity to remove any orthodontic appli-
ance prior to MR imaging is generally unwarranted for most
clinical examinations. In particular, structural T1 weighted,
T2 weighted or FLAIR sequences can sufficiently be used
with orthodontic appliances. In instances of acute indica-
tions such as stroke or intracranial hemorrhage, where DWI
and SWI sequences are required, the removal of the stain-
less-steel palatal archwire alone proves sufficient. Nonethe-
less, specific decisions should be made with consideration
for the targeted anatomical region, the clinical indication,
required imaging sequences, and the type of orthodontic
appliance in use.
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